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

1. INTRODUCTORY.
1. GENERAL.

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

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

2. EXECUTIVE.

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

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

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

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

3. Apvisory CoOUNCIL.

The following members retired from the Advisory
Council during the year:—
Mr. D. Mackinnon.
Mr. I. M. McLennan, B.E.E.
Professor Sir Leslie H. Martin, C.B.E., Ph.D,, F.AA,,
F.R.S.
Professor M. L, Oliphant, M.A., Ph.D., D.Sc., LL.D,,
F.AA.,, FRS.
The following new members have been co-opted to the
Council:—
Mr. B. Meecham, O.B.E.
Professor J, W. Roderick, M.A., Ph.D., M.Sc., F.A.A.
Mr. W. Sloan.
Mr. L. W, Weickhardt, M.Sc.

4. New OFFICERS-IN-CHARGE.

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

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

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

5. HONOURS AND AWARDS.

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

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

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

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

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

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

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

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

Mr. B. Y. Mills, Senior Principal Research Officer,
Division of Radiophysics: Thomas Ranken Lyle
Medal, Australian Academy of Science.

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

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

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

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

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

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

Dr. N. King, Principal Research Officer, Dairy Re-
search Section: Silver Medal, Australian Society of
Dairy Technology.

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



Dr._ J. M. Thomson, Principal Research Officer, Divi-
sion of Fisheries and Oceanography: Doctor of
Science, University of Western Australia.

Dr. W. O. Williamson, Principal Research Officer,
Division of Industrial Chemistry: Doctor of
Science, University of London.

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

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

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

Dr. D. S. Mathewson, Research Officer, Division of
Radiophysics: Leverhulme Research Fellowship,
University of Manchester.

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

6. FoDDER CONSERVATION SECTION.

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

7. RETIREMENT OF SIR JoHN MADSEN AS CHAIRMAN OF
THE RADIO RESEARCH BOARD.

Emeritus Professor Sir John Madsen, B.E., D.Sc.,
F.A.A., retired as Chairman of the Radio Research Board
during the early part of 1958. It was largely due to the
efforts of Sir John Madsen that the Board was formed
in 1927 to initiate and develop radio research in Australia,
and Sir John has been its Chairman continuously since its
formation. Under Sir John’s guidance the Board has
enabled many outstanding students to pursue post-graduate
studies, and has led Australian scientists to play a leading
role in research on the ionosphere and radio propagation.
The policy of the Board has had a very marked practical
influence on the progress of radio communication in
Australia and throughout the world. Sir John has had a
long association with the Organization and its predecessor
the Council for Scientific and Industrial Research, having
been at various times a member of the Advisory Council,
a member of the New South Wales State Committee and
Chairman of the Electrical Research Board. He is
succeeded as Chairman of the Radio Research Board by
Professor L. G, H. Huxley, M.A., D.Phil.,, F.A.A,, Pro-
fessor of Physics, University of Adelaide.

8. Apvisory CounciL COMMITTEE ON THE NATIONAL
STANDARDS LABORATORY,

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

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

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

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

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

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

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

Mr. H. B. Somerset, Managing Director, Associated
Pulp and Paper Mills.

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

Dr. F. W. G. White, Deputy Chairman, C.S.LR.O.

Dr. S, H. Bastow, Chief Executive Officer, C.S.1L.R.O,

Mr. L. Lewis, Officer-in-charge, C.S.I.R.O. Industrial
Research Liaison Section.

The Committee met in November 1957 and submitted
a report to the Advisory Council (see Chapter XXII,
Section (b)).

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

9. COLLABORATION WITH THE UNIVERSITIES.

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

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

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

The Organization has assisted the University of Adelaide
with the maintenance of an electron microscope which has
been used by its Animal Genetics Section. At the Univer-
sity of Sydney, a joint C.S.I.LR.O.-University electron
microscope laboratory is being established. It will be
equipped with two instruments and will have a staff of
four. The cost of establishing and running this unit is to
be shared equally between the University and the Organ-
ization,

Support has also been given to the following new pro-
jectsi—

The establishment of a Readership in Dairy Husbandry
at the University of Sydney and work on the action of
rennet in casein; studies on the interaction of the endo-
plasmic reticulum of plant cells with other cellular com-
ponents at the University of Adelaide; and research into
the microbiology of soil in rice fields at the University of
Queensland.

The Division of Fisheries and Oceanography again
organized a School of Marine Biology which was attended
by students from the Universities of Sydney, Adelaide,
Melbourne, and New England,

C.S.I.R.O. officers have continued to lecture on special
topics to students in nearly all the Australian universities.
An arrangement has recently been made whereby students
for higher degrees at the National University may work
in C.S.LR.O. laboratories under the supervision of a
C.S.I.R.O. officer, thereby having access to the Organiza-
tion’s special equipment.

10. Co-OPERATIVE INDUSTRIAL RESEARCH.

The Organization encourages industrial establishments
to join with it in co-operative research projects and pro-
grammes, Industry can enlist the collaboration of the
Organization’s research resources in activities ranging from
single sponsored research projects to autonomous research
associations.

The report of the work of the Industrial Research
Liaison Section, established to strengthen the liaison be-
tween the Organization and secondary industry, is
described in Chapter XXXI., Section 4.



The Organization has continued its financial support to
the Australian Leather Research Association, the Bread
Research Institute of Australia, the Wine Research In-
stitute, and the Australian Coal Association (Research)
Ltd.

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

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

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

11. CONFERENCES ON FOREST PRODUCTS RESEARCH.

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

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

12. OVERSEAS VIsiTS, FELLOWSHIPS, AND STUDENTSHIPS.

Officers of the Orpanization represented Australia at a
number of overseas scientific conferences during the year.
These included the Fourteenth Tnternational Congress of
Pure and Applied Chemistry. the Twelfth General
Assembly of the International Union of Scientific Radio,
the Sixth Commonwealth Congress on Mining and Metal-
lurav, the Fifteenth International Congress on Zoology.
the Ninth Pacific Science Congress, the Nineteenth Con-
ference of the International Union of Pure and Anplied
Chemistry, the General Assembly of the International
Union of Geodesy and Geophysics, the Fourth F.A.O.
Wood Technology Conference, the Pan Indian Ocecan
Seience Association Congress, and the International
Genetics Congress.

Seven officers went overseas for short periods as advisers
on F.A.O. assignments, at the invitation of UN.E.S.C.O.,
under the Colombo Plan, or at the invitation of overseas
governments,

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

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

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

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

In addition. 75 graduates were awarded studentships
to continue their post-graduate studies towards higher
degrees at Australian universities, 26 of them gaining
senior studentships. the tenure of which is for two years,
and 49 of them gaining junior studentships, for one vear
only. One of these students came from Encland while
another was a New Zealand graduate, One officer of the
Organization was awarded a Divisional studentship for
advanced study at an Australian university.

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

13. GianT RADIO TELESCOPE,

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

14. APPLICATION OF THE RESULTS OF WoOL TEXTILE
RESEARCH.

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

The obvious first sfep is to applv advances in tech-
noloay in the Auwustralian tevtile industry. Once their
advantages have been demonstrated in this way adoption
of the new technigues in other countries would appear to
be likelv. But in a traditional industry widespread adop-
tion of innovations is ant to be very slow, and vnless tech-
nical assistance can be given to users there is a real danecer
of new developments being discredited because of faulty
application,

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

As a result of representations made by the Australian
Wool Bureau some extension of the technical liaison acti-
vities of the International Wool Secretariat and its affiliated
organizations has recently been agreed upon. In this con-
nexion, the Australian Wool Bureau and the International
Wool Secretariat are co-operating in making known to
clothing manufacturers throughout the world the Organi-
zation’s SI-RO-SET process for the permanent pleating and
creasing of garments. C.S.LR.O. would like to see a
major expansion of this type of work by the International
Wool Secretariat and its associates, with full acceptance
by those bodies of responsibility for promotion of new
technical developments in the wool textile industry.

15. CoBALT PELLETS.

Graziers in Australia have widely adopted the heavy
pellet invention developed within the Division of Bio-
chemistry and General Nutrition for administering cobalt
supplements to sheep (see Chapter VII., Section 7). These
pellets lodge in the forestomachs of the sheep and give
up the small quantity of cobalt required for the animal’s
healthy development.

Applications for patents covering the invention have
been lodged in a number of countries overseas. Six Aus-
tralian companies are manufacturing cobalt pellets under
licence and have been permitted to use the trade mark
SI-RO-CO to distinguish pellets conforming to the
Organization’s requirements. One of these firms has been
granted an exclusive licence to use the invention overseas,
and it is expected that substantial royalty payments will
accrue to the Organization,

16. IMPROVED PASTURES IN QUEENSLAND.

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

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

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

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

17. OVERSEAS VISITORS.

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

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

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

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

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

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

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

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

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

Dr. J. Dainty, Reader in Biophysics, University of
Edinburgh; at the Division of Biochemistry and
General Nutrition.

Dr. Gabriel Harmoir, Agrégé et Chef de Travail,
Laboratoire de Biologie Générale, University of
Liége, Belgium; at the Division of Food Preserva-
tion and Transport.

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

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

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

18. SciENCE AND INDUSTRY ENDOWMENT FUND.

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

In addition, small sums were contributed towards travel-
ling expenses, as follows:—Dr. M, H. Maguire of the
New South Wales University of Technology who received
a visiting Fellowship at the Sloan-Kettering Institute for
Cancer Research; Mr. J, A. Aird of the State Rivers and
Water Supply Commission of Victoria to attend the annual
Conference of “ Aslib™ in London; and Mr. D. P, Fielder,
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a student of the University of Adelaide, to attend the
School of Marine Biology at the Division of Fisheries and
0ceanograghy, Sydney. Grants were also made to three
overseas scientists to defray expenses associated with visits
to Australia. The recipients were: Professors I. M.
Robertson, F.R.S., Dr. J. F. Loutit, and Dr. L. H. Gray.

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

19. BUiLDINGS AND ACCOMMODATION,

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

During the vyear, the following buildings
completed:i—

New South Wales—
Camden—Three rooms at * Harben Vale ”, Radio
Research Laboratories.
Griffith—Additions to residence of Officer-in-
charge, Irrigation Research Stations.
Ryde—Library extension, Wool Textile Research
Laboratories.
Victoria—
Highett—Workshop building, Engineering Section.
Parkville— Chemical store, Wool Textile Research
Laboratories.
Australian Capital Territory—
Canberra—Laboratory building, Division of Plant
Industry.
Service building, Division of Land Research and
Regional Survey.
Garage extension.
Queensland—
Mareeba—ILaboratory and four residences, Tobacco
Research Institute.
The following buildings were acquired:—
- New South Wales—
Deniliquin—Two residences.
Victoria—
Parkville—" Mayfair ¥, Royal-parade,
Wool Textile Research Laboratories.
The following are in course of construction:—
New South Wales—
Cronulla—Laboratory  extension,
Fisheries and Oceanography.
Prospect—Main building, Division of Animal
Health and Production.
Ryde—Laboratory building and workshop, Coal
Rescarch Section.
Victoria—
East Melbourne—Additional story at Head Office.
Geelong—Extension to weaving shed, Wool Textile
Research Laboratories.
Queensland—
St.  Lucia—Main
Laboratory.
South Australia—
Adelaide—Main building, Division of Soils.

were

Parkville,

Division of

building, Plant and Soils

20. FINANCE.

Chapter XXXV. gives details of the expenditure of
£7.414,261 incurred during 1957-58 by the Organization
from all funds at its disposal. Of this sum, £6,861,278
was expended in connexion with normal research activities,
£429,328 on capital works, and £123,655 on grants to
outside bodies. The funds for this expenditure were

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

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

Source of Funds, 1":&:5“' g‘?gr’gl GOBrglg_{ids::D Total.
£ £ £ £
Treasury Appropria-
tion oo | 5,427,102 89,636 123,655 | 5,640,393
(Section 1) |(Section 5) |(Section 6)
CS.LR.O. Revenuc 152,501 - i 152,501
(Section 4)
Total Treasury Funds | 5,579,603 89,636 123,655 | 5,792,894
Wool Research Trust
Fund Trust Account 998,507 269,421 1,267,928
{Section 3) |(Section 3)
Contributions (other
than wool) 283,168 70,271 353,439
(Section 2) |(Section 2)
6,861,278 429,328 123,655 | 7,414,261

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

21. ORGANIZATION.

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

In 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 particu-
lar Division to be reviewed as a whole.

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

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



Liaison Secu_an, Films Unit, and Editorial, Publications,
and Translation groups. The Organization also maintains
Australian Scientific Liaison Offices in London and
Washington.

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

Plant Industry, with head-quarters in Canberra and
main laboratories in Canberra and Brisbane,
regional lnboratories in Perth, Hobart, and Denili-
quin, New South Wales, and field stations, experi-
mental farms, &c., at Canberra, at Lawes,
Applethorpe, and Mareeba, Queensland, at Trangie,
New South Wales, and at Kojonup, Western Aus-
tralia,

Entomology, with head-quarters and main labora-
tories in Canberra, a smaller laboratory in Sydney,
and field stations at Trangie, New South Wales, at
Rockhampton., Queensland. and at Perth.

Animal Health and Production, with head-quarters in
Melbourne, laboratories in Melbourne, Sydney,
Prospect (New South Wales). and Brisbane, and
field stations at Armidale and Badgery's Creek,
New South Wales, at Cunnamulla, Amberley, and
Rockhampton, Queensland, and at Werribee and
Tooradin, Victoria.

Biochemistry and General Nutrition, with head-
quarters in Adelaide and field stations at O’Halloran
Hill, Robe, and Brecon, Scuth Australia.

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

Forest Products, Melbourne.

Food Preservation and Transport, with head-quarters
and laboratories in Sydney, branch laboratories in
Brisbane and Hobart, and minor laboratories in
Gosford, New South Wales.

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

Metrology, Physics, and Electrotechnology, compris-
ing together the National Standards Laboratory,
Sydney.

Radiophysics, Svdney.

Industrial Chemistry, with head-quarters and main
laboratories in Melbourne, and branch laboratories
in Sydney, Adelaide, and Perth.

Tribophysics, Melbourne.

Building Research, Melbourne.

Mathematical Statistics, Adelaide.

Meteorological Physics, Melbourne.

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

The following are the Sections:—

Irrigation Research Stations, at Merbein, Victoria
(Murray Irrigation Areas), and Griffith, New
South Wales (Murrumbidgee Trrigation Areas).

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

Fodder Conservation, Melbourne,

Ore-dressing  Investigations,
Kalgoorlie, Western Australia.

Mineragraphic Investigations, Melbourne.

Dairy Research, Melbourne,

Coal Research, Sydney.

Physical Metallurgy, Melbourne.

Wildlife Survey, with head-quarters in Canberra and
field stations at Perth, and Albury., New South
Wales.

Mathematical Instruments, Sydney.

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

Agricultural Research Liaison, Melbourne.

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,

I1.—SOILS.
1. GENERAL.

As scientific knowledge and understanding of fertility
progresses, the biological processes within the soil appear
to increase in their complexity. Agricultural, pastoral,
and silvicultural industries all depend on the maintenance
of soil fertility. The efficient development and use of
Australia’s land resources must be based on a fundamental
knowledge of soils, and their characteristics and distribu-
tion.

The Organization’s research in this field is undertaken
by the Division of Soils with head-quarters at the Univer-
sity of Adelaide. Work on soils with special reference to
their behaviour under irrigation is undertaken at the Com-
monwealth Research Station (Murray Irrigation Areas),
Merbein, Victoria, and at the Irrigation Research Station
(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 III., Section 17).

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

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

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

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

2. Sor. SurveEy AND PEDOLOGY.
(Division of Soils.)

In the brigalow areas in Queensland the occurrence of
unusual soil features such as acid subsoils below neutral
and alkaline surface and subsurface soils has been en-
countered on a widespread basis. This quite unexpected
feature is associated with shrinking and swelling mont-
morillonite clays and salinity rising with depth in the soil
profile. The problem is being pursued along with soil
classification and mapping studies in the area.

In Tasmania the origin of widespread sandy soils
especially through the centre of the State has been resolved
by careful studies of the nature and distribution of the
sands and the soils developed thereon. These are thought
to be periglacial materials brought down by the rivers in
Pleistocene times and redistributed by aeolian action as
sheets of sand over the surrounding country, These soils
vary greatly in depth and they blanket country of quite
variable relief.
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Altlas of Australian Soils.—The results of preliminary
studies were presented to a conference of regional officers
in September, 1957, when it became clear that an atlas of
Australian soils involving several map sheets at relatively
small scale was the more satisfactory approach.

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

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

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

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

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

The work at Merredin has continued with particular
emphasis on the nature of the depositional layers of the
valleys of the wheat belt. With the co-operation of the

: ; ol o
Western Australian Department of Agriculture, several - ‘Besources, Canberra.

bores were put down to 30 feet, and revealed the presence
of a number of layers of varying texture, structure, cal-
careousness, and permeability. Since these layers provide
the aquifers for the watertables of the valleys, and extend
up into the catchment areas, an understanding of them
will be an important contribution to the problem of salt
encroachment and rising water-tables in the valley floors.
In addition, some 150 square miles of country have been
surveyed in soil associations.

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

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

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

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

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

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

Further detailed work in lower Murrakool has been

completed. A resurvey of the soils of the Worrinen area
has been made.

A sdil reconnaissance of some 3,000 square miles of
wheat growing country around Wagga has been completed,
Detailed soil and landscape studies show that the soils are

developed on two layers of parna and on two hillwash
sheets.

In co-cperation with New South Wales State bodies

the Division participated in a detailed study of the soils
of the Wagga Research Farm,

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

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

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

A soil survey of the C.S.L.R.O. Experimental Farm,
Ginninderra, comprising approximately 2,200 acres, was
completed.

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

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

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

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

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

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

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

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

(e) Tasmanian Region.—The regional survey is being
continued and two mare sheets of the series * Reconnais-
sance Soil Map of Tasmania ™, at scale 1 inch to 1 mile
have been issued this year, one of an area of 450 square
miles and the other of 380 square miles, to bring the total
covered by this series of maps to date to 2,900 square
miles. Recently several expressions of appreciation of the
value of these maps have been received from authorities
concerned with land use. Two further units of the survey,
each of 450 square miles, are in hand and are expected
to be completed shortly. Each of these represents a
co-ordination and extension of earlier work, one in the
Launceston Tertiary Basin and the other in the lower
Derwent Valley.

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

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

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

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

(2) Soil Microscopy.—Several studies of the fine sand
mineralogy of soil profiles and their presumed parent
rocks have been made at the request of field pedologists.

A study of the fine sand mineralogy of Tasmanian
dolerite soils was made in an attempt to determine whether
the high proportion of fine sand in the surface soils was
derived from the dolerites or from wind accessions. The
high proportions of plagioclase and pyroxene and the low
proportion of quartz indicated derivation from the
dolerites. However, the occurrence of some minerals
such as zircon and tourmaline indicates some slight con-
tamination. A loess and wind-blown sand had very high
proportions of quartz and a more mixed mineral suite.

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

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

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

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

3. Soi. CHEMISTRY.
(Division of Soils.)

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

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

(ii) Geochemistry—The geochemical study has con-
tinued of the four main groups of soils (podzolic soils,
black earths, brown earths, and krasnozems) developed
on dolerite in Tasmania. The laboratory work has been
completed and the results are now being examined, interest
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being specially centred in the redistribution of such
elements as cobalt, zirconium, copper, molybdenum,
nickel, manganese, phosphorus, and potassium. Know-
ledge of the distribution of these elements may explain
factors involved in the formation of these soils.

In order to evaluate the effects of parent material on
the trace element status of these soils a suite of dolerite
samples was collected from the Mount Wellington sill and
the composition of these studied in relation to soils pro-
duced on similar materials. In this way it has been
possible to assess the influence on the chemistry and
morphology of the soil profiles resulting from differentia-
tion during the cooling of the doleritic magma. Results
so far indicate that the stage of differentiation of the
parent rock has to some extent influenced the chemistry
of the profile but not its morphology. Mineral fractions
were also separated from the dolerite samples of the
Mount Wellington sill and compared with fractions
separated from the clay, silt, and sand of the major
horizons of each soil group.

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

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

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

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

Some work has been done on tne * concentration tech-
nique " by which trace elements are extracted from solu-
tions and concentrated into a suitable spectrographic base
of constant composition. This technique offers consider-
able promise for the determination of trace elements in
the soil solution.

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

(vi) Potassium Deficiency on Frodsley Soil—A pot
experiment on the exhaustive cropping of five Tasmanian
soils of varying potassium status is being continued. The
pot technique is of particular value in an investigation of
this sort where field surveys at Frodsley have revealed
the great variability of soil potassium over relatively short
distances of a few feet. Only by working on the small
scale of a pot experiment can the agronomic significance
of these different levels in soil potassium be properly
evaluated. At the start of the experiment the potassium
status of the selected soils ranged from 0.18 m.-equiv. of
exchangeable potassium per 100 g. of soil to 0.85
m.-equiv, per cent., but in none of the soils did the first
crop of perennial ryegrass exhibit any signs of potassium
tress or respond to applications of potassium. The
potassium in the dry matter was in excess of 1 per cent.
even in the soil of lowest potassium status, and exceeded
4-5 per cent. in the case of the soils of high potassium
status or those to which potassium had been applied. The
largest increases of potassium in the dry matter and the
largest relative increases of uptake following applications
of a potassium fertilizer were found in the soils of lowest
potassium status,

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

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

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

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

The effect of soluble silicates on the efliciency of utiliza-
tion of superphosphate has been investipated in pot experi-
ments and in the laboratory, by using the phosphate de-
ficient Seddon soil. Best results were obtained when
silicate and phosphate were applied simultaneously, In



pots the uptake of phosphorus was increased by 10-20
per cent. but the efiect did not last for more than one
Season.  Application of silicate to a soil twelve months
after phosphate treatment brought about very little or no
release of available phosphate, Laboratory studies sup-
ported the results of the pot experiments, but additions
of silicate would probubly have no economic significance.

(viii) Nwwrition of Pines on Lateritic Soils—To elucidate
the factors controliing the growth of Pinus radiata on
some poor lateritic soils in Western Australia and South
Australia the Division, with the co-operation of the South
Australian Department of Woods and Forests, is making
a detailed study of the physical, chemical, and micro-
biological characteristics of the soils of the Second Valley
(South Australia) Forest Reserve. The early chemical
work is being directed to a study of the phosphorus and
nitrogen requirements of thesc soils. When these are
more clearly defined it will be possible to exploie other
soil factors limiting the growth and nutrition of pines. A
pot experiment has been laid down to study phosphorus
and nitrogen relationships and to give special attention
to the form of phosphate and its placement in the soil,
The absorption of phosphate by, and its dilfusion through,
the soil is also being studied under laboratory conditions,
By means of chemical and spectrochemical analysis the
normal variation in the mineral composition of specially
selected one-year-old pine needles has been determined.
The competition for nutrients between recently established
pine plantings and the surrounding native scrub regrowth
is also being explored,

(ix) Miscellancous.—Several commercially available
types of interference filters suitable for use in flame
photometry have been examined with particular refer-
ence Lo the isolation of the sodium D line.

Sulphur determinations bave been carried out in soils
and rainwater, For virgin soils so far examined carbon:
sulphur and nitrogen : sulphur ratios show a considerable
range of variation.

Soil samples from the United States of America have
been examined to provide chemical data for the closer
comparison of these soils with their Australian counter-
parts. Some soils from Vietnam were also examined
and these were characterized by an extremely low nutrient
status. Routine descriptive analyses for the Pedology
Section have been continued as usual and special deter-
minations have been carried out for the Clay Mineralogy
Section.

(b) Queensland Region — Brisbane. — Experimental
work on physico-chemical properties of podzol humus
has now been completed. Results of flocculation tests,
under conditions of controlled pH, suggest that aluminiom
predominates over iron in the precipitation of humus in
podzol B horizons.

A preliminary survey of the chemical fertility of some
representative surface soils in south-east Queensland (ex-
cluding coastal areas) has been undertaken. The results
show that potassium deficiency is unlikely on all soil
types so far examined, the mean for all soils approximat-
ing 0.8 m.-equiv. potassium/100 g. Total phosphorus
pentoxide contents range from 521 p.p.m. (mean for
brigalow soils) to 3,813 p.p.m. (mean for krasnozem);
black earths (1,561 p.p.m.) and lateritic red earths (2,431
p.p.m.) were intermediate. ™ Available ™ phosphorus pent-
oxide (modified Truog method) showed no marked de-
ficiency levels and generally exceeded 100 p.p.m. i-ar most
great soil groups except red earths which contained 2_0

p.m. Water-soluble sulphate showed adequate levels in
ull soils, ranging from 9 to 18 p.p.m. sulphur.

Investigations on the isolation of organic matter f;:om
soils have been continued. It has been found that cation-
exchange resins can be nseful in dispersing organic matter.
Some preliminary measurements have also been rpade on
the spectral transmission of organic matter suspensions and
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the changes effected by additions of metals. Attention
is also being given to the problem of removing the inorga-
nic material which remains associated with the organic
matter even after its dispersion.

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

(c) South-cast Region—Canberra—Routine analyses
required for the field studies of the south coast of New
South Wales, Wagga, and Murrakool surveys have been
continued and are nearing completion in several cases.

Preparations of the synthetic crystalline iron and alumi-
nium phosphates have been completed and further deter-
minations of iron-bound phosphate carried out using the
modified dithionite methed. This concludes investigations
carried out by a Research Fellow in this field.

Total analyses of soils, mainly in the Wagga survey, have
just commenced to ascertain if there is any chemical pro-
perty difference between the different layered soils, or of
their parent material origin. It is also planned to examine
the chemical differences in the mottles of clay in each
layer, whenever it occurs. In the main, hand-picked
samples from unground material will be analysed, although
in some cases monoliths will be used.

(d) Tasmanian Region—Hobart—The investigations at
Frodsley are now complete. The Frodsley sandy loam
is now a well-documented soil which will serve as a
reference for other work on potassium deficient soils.
Though Frodsley sandy loam has certain reserves of total
potassium, these are largely unavailable to pasture plants
for two reasons—the clay B horizon is beyond the main
rooting zone of shallow rooted plants, while in the root
zone there is little clay, and the reserves of potassium are
largely in very slowly weathering primary minerals of the
sand fractions.

Investigations of cobalt deficient soils have commenced
but have so far been concerned with the application of
suitable chemical methods. Cobalt deficiency in sheep and
caitle is known to be associated with several groups of
soils in Tasmania and of these the krasnozems of the
north-west coastal areas have been selected for the initial
studies.

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

Survey has continued of the composition of rainwaters
sampled at monthly intervals. An additional site is to be
set up at Quairading, and weekly sampling is being intro-
duced at Dwellingup to provide additional information.

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

The solubilizing action of aqueous extracts of jarrah and
marri leaves on iron oxides has been studied, Although
the results cannot yet be considered in a quantitative way,
some solution occurred under sterile, partially aerobic
conditions,

Preliminary work on the identification and separation
of compounds in the polyphenolic concentrate from fhe
leaves has been commenced. In view of the complexity
of the extracts some preliminary separation seems
necessary  before  preparation of  two-dimensional
chromatograms.
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4. Somw. Paysics.
(Division of Soils.)

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

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

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

(ii) Role of the Cultivated Layer in Controlling Water
Moveinent—Following reporis of Russian work on the
effect of the state of the cultivated layer on soil water loss,
laboratory trials have shown big effects of clad size on the
evaporative loss of soil water. Soils made up of clods
2.5, 25, and 50 mm. in diameter and uncultivated soils have
been exposed in a wind tunnel to different wind speeds and
with radiant heating. As an example of the effects
observed; under normal heating, giving rise to soil surface
temperatures of 30° C. at a wind speed of 5.5 m.p.h,
water losses for 24 hr. were 1, 7. 7.5, and 6.3 mm. for
the four treatments in the order given above.

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

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

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

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

In another experiment the mobility and the storage of
orgaric compounds in the soil is being followed with the
aid of radioactive tracers. This project is aimed at defining
the best sort of soil structure for supplying stored nutrients
to crop plants, and for storing organic matter when the
soil is being reconditioned under pasture.

(iv) The Neutron Scattering Method of Measuring Soil
Water Content.—Suitable field portable apparatus has been
developed and the emphasis of this project has shifted to
a re-examination of the ecalibration and treatment of the
observatiors. The effect of absorption of slow neutrons
by the soil solids has been investigated. In first work, it
was assumed that the macroscopic absorption cross sections
of the solid components of soils were the same. But
improvement in calibration accuracy can be obtained by

F.6733/58.—2

recognizing that, when making measurements on a new
soil type, the calibration should be verified with several
direct determinations of water content.

Aspects of measurement of water content at the soil
surface are receiving attention. * Semi-infinite medium ”
geomelry presents great difficulty in calibration. Placing
a reflector tank of water over the source of neutrons when
it is located at the soil surface has been tried, and these
results are being considered at present.

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

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

Evaporation from either the natural heath vegetation or an
established lucerne and phalaris pasture is the same for a total
period cof a year, though sensonally there are differences in the
rates of evaporation,

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

The ground-water flows directly towards the Coorong and the
sea at (he western boundary of the experimental area.

(vii) Land Drainage—~The saturated permeability of
the s0il of the irrigated swamp (Jervois) near Tailem Bend
has been measured. This is a preliminary investigation to
obfain data to be used in assessing the advantages of better
drainage of the soils of the Murray swamps. This project
is boing undertaken jointly with the South Australian
Department of Agriculture.

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

(ix) Use of Gypsum in Irrigation Water—The use of
gypsum dissolved in irrigation water has been found (o
help the physical condition of difficult clay soils at
Deniliquin, New South Wales. Preliminary investigation
of the effect on the soils was encouraging, and this was
followed by experiments with plants at the C.SI.R.O.
Regional Pastoral Laboratory. These have shown that
establishment of pastures is much improved by this
treaiment.
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(x) Forees between Clay Crystals.—From measurements
of the macroscopic swelling in salt solutions of oriented
flakes of pure clays the general variation with distance of
the forces between clay crystals may be deduced, since
swelli- g depends on a balance between attraction and
repulsion forces. The forces between the basal and edge
surfaces of the clay crystals may be distinguished by adding
various organic substances such as quaternary ammoniun
salts to the clay and also by varying the pH of the salt
solutions with the use of dilute buffers.

(xi) Sealing of Soil in Earth Dams.—The possibility of
using small quantities of a dispersing agent such as sodium
iripolyphosphate to prevent water loss from earth dams
is being investigated so that dams may be sited in the best
hydrologic position irrespective of soil texture, Laboratory
experiments are encouraging and indicate that soils con-
taining as little as 5 per cent. clay form adequate seals
if 0.1 per cent, of a dispersing agent is added.

(xii) Permeabiity of Soils to Water—An extension to
the laboratory method of measuring unsaturated soil water
permeabilitics has been under development. This consists
of a device for determining the distribution of water
content in the soil columns by use of a beam of gamma
rays, and supplements the suction measurements in the
soil columns. It is proposed to use this technique also for
studying evaporation loss from soil surfaces, and the
influence of temperature on water movement.

(xiii) Miscellaneous.—Delerminations of water content-
suction relations, and of soil aggregate density, have been
carried out continuously throughout the year on a routine
basis. Recordings of the performance of a solar water
heater, over a period of two years, for the Engineering
Section have been completed. Measurements have con-
tirued on moisture movements under houses, and projects
have been commenced relating to moisture gains and losses
in soils in agricultural and forestry problems.

(b) Queensland  Region—DBrisbane—(i)  Structure
Alteration in Cultivated Soils—Adverse climatic condi-
tions have severely affected the conduet of this experiment
on the Darling Downs on Mywybilla clay and crop failures
have occurred in the two cropping years to date. This has
been principally due to lack of water at flowering, and,
since the rainfall during the fallow periods has been low,
the significance of deep cultivation in increasing soil
storage has not yet been conclusively tested. The increased
evaporation from the soil associated with deep working
suggests, however, that in this area of rather unreliable
rainfall it might be hazardous to cultivate deeply unless
substantial benefits from this culture can be demonstrated.
Germination of wheat on the trial area was excellent for
the 1957 planting, despite the poor reputation of this soil
in this respect, and no significant differences were found for
three depths of cultivation and two superimposed rolling
treatments. This result was rather surprising in view of
expectations when the experiment was commenced and
must be attributed to special climatic conditions which
favoured germination. The experiment is being continued
in 1958 when it is hoped that favourable conditions may
allow more definite conclusions to be obtained.

(1) Water Content Changes in Natural Soils.—QObser-
vations have been continued on the joint project with the
Ecology Section, Division of Plant Industry, on forest
communities in the Lismore District, New South Wales.
This project will be terminated in early summer 1958,
Physical environment has not been found to be very
different for some of the plant communities, which sug-
gests that chemical differences are primarily responsible
for the floristic separation. Chemical analysis of the soils
has heen carried out to check upon this apparent difference
in fertility. Large permeability changes accompanying
disturbance and removal of rain-forest have been
sitributed principally to alteration in biotic .factors, since
soil measurements do nol reveal large or consistent changes

to explain them.

As part of the instrumentation of this project, a study
has been made of the characteristics and performance of
Livingsion atmometers as eccological instruments for in-
tegrating various climatic factors upon evaporation. In
particular, the use of these instruments to give an estimate
of solar radiation has been examined. Results obtained
differ from those reported overseas and the reason for
these differences has been determined.

(c) South-eastern Region—Canberra—Research acti-
vities have been limited by shortage of staff. but routine
particle size analyses and other physical determinations
have been carried out during the past year. These were
the usual particle size analyses of field samples and some
detailed analyses of sand fractions by an end withdrawal
tube.

Normal dispersion methods as used in the Division did
not satisfactorily disperse soils described as highly sub-
plastic. Microscope examination showed large numbers of
clay aggregates (up to 50 per cent.) remaining in the fine
sand fraction. Better, but not complete, dispersion re-
sulted after treatment with dithionite (Na.S.0,) for the
removal of free iron oxides,

5. SoiL MICROBIOLOGY.
(Division of Soils.)

Research has been undertaken along four general lines
in order to study the role of microorganisms in seil pro-
cesses which influence the growing plant as soil fertility
or which influence the genesis of specific soil types. Studies
have been undertaken to characterize the microflora of the
rhizosphere of the plant, with particular emphasis upon
that of tomato, subterrancan clover, Wimmera ryegrass,
and Phalaris tizberosa.  Substances excreted by roots
which affect the growth of bacteria have been studied, and
the principal groups of organisms associated with roots
subjected to scrutiny., The symbiosis of root-nodule
bucteria of the genus Rhizebiwm with legumes has been
studied with particular reference to the characterization
of the R/, leguminosarim, and to the influence of calcium
on the establishment of the symbiosis as a factor in pasture
establishment in infertile soils, Studies have been made
upon the rale of microorganisms in releasing phosphorus
from insoluble phosphates. Attempts have been made to
ascertain the mechanism of release and to study it by
anulogous chemical reactions; an assessment has been
made of the incidence of phosphate-solubilizing micro-
organisms in the rhizosphere microflora. Studies on soil
organic matter have been continued by the fractionation
of humus and comparison of the products with melanins
polymerized from microbial end-products and by microbial
enzymes as models. In this way biochemical processes
carried out by microorganisms in formation of organic
matter in soils can be defined.

(a) Rhizosphere Siudies. (i) Root Exudates—The
study of the effects of environment on exudation has been
continued. Light intensity had a marked eflect on the
exudation of amino acids from subterranean clover roots,
with greater amounts of aspartic acid, serine, glutamic
acid, and g-alanine exuded at the higher light intensities,
With tomato root exudate, the amounts of most amino
acids were less at the lower light intensities, although serine
and glycine were exceptions in that their amounts in-
crensed under reduced light intensity. Exudation by
tomato and clover roots was greatly increased when plants
were grown at higher temperatures; with clover roots,
the predominant constituent of the exudate at the higher
temperatures was asparagine. Calcium nutriticn and aera-
tion had little effect on the exudation from the roots during
the first 4 weeks of growth of Phalaris tuberosa, subter-
ranean clover, and tomate, The presence of micro-
organisms on and around tomato roots altered the spectrum
of amino acids found in the nutrient sclution, thus indicat-
ing the importance of maintaining sterility in root exudate
studies.



,Fil) Root Surface Bacteria of Subterranean Clover and
Wimmera Ryegrass—Over 300 bacterial isolates from the
surfaces of sublerranean clover and Wimmera ryegrass
roots were obtained by the random selection of colonies
growing on dilution plates prepared from roots washed
fre? of soil. All isolates were examined for their morpho-
log}cql, staining, physiological, and biochemical charac-
teristics and identified as genera. In cases where the iden-
tification of some of the genera, e.g. Pseudomonas and
Ach_romobacrer, depended on the success of the flagella
strain, precise naming of the genus was not possible. How-
2ver, it was found that over half of the crganisms were
erthrobacter spp., were mainly Gram-negative, and
#howed pleomorphic, branched, rod, and coccoid forms.
fhe remaining main genera were Micromonospora,
!\’ocardfa, Mycoplana, Mycobacterium, Achromobacter,
“lavobacterium, Bacillus, Serratia, Sarcina, and possibly
Pseudomonas. Although 151 isolates were taken from
wlover roots only one was identified as Rhizobium.

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

(b) Rhizobium Srtudies.—Particular attention has been
paid to the pea-vetch cross-inoculation group associated
with grain legumes. About 100 strains isolated from
Vicia (13 spp.), Lathyrus (9 spp.), Lens, Pisum, and
Cicer have been studied in pot experiments in the green-
house for their effectiveness in association with hosts of
this group. The range has now been extended to eight
species, viz. Vicia faba var. minor, V. atropurpurea, V.
sativa, Lathyrus ochrus, L, cicera, L. sativus, Pisum
sativum, and Lens esculenta. The patterns of effectiveness
shown vary widely and range from strains capable of
nodulating all test hosts to strains with restricted
specificity.

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

Difficulties in the establishment of subterranean clover
and lucerne in deep sands of mild to strong acidity in the
south-east of South Australia have been largely overcome
by applications of lime with superphosphate and trace
elements. Greenhouse experiments have been undertaken
to study the mode of action of lime in a Mount Compass
sand (pH 5.2-5.5). The major effect is upon the calcium
nutrition of the host, and cannot be replaced by ameliorat~
ing pH with magnesium. Under a high lime regime, modu-
lation is successful whether artificially inoculated or
derived from natural sources (probably mostly seed-borne),
but without applications of lime nodulation is scanty or
absent and the plant suffers from acute nitrogen deficiency.

(¢) Solubilization of Phosphates by Microorganisims—
(i) Mechanisms of Solubilization.—Previous experiments
had shown that the blackening of ferric phosphate par-
ticles was carried out by organisms producing hydrogen
sulphide. This suggested that hydrogen sulphide reduced
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ferric phosphate to black ferrous sulphide with the release
of phosphate. This reaction was studied chemically, cal-
cium, aluminium, and ferric phosphates being used.

(ii) Incidence of Solubilizing Organisms.—An estima-
tion was made of the number of phosphate solubilizing
organisms present in the rhizosphere of four plants (sub-
terrancan clover, Wimmera ryegrass, wheat, and perennial
rye) and in non-rhizosphere soil. About 30-40 per cent
of the isolates from the rhizosphere showed solubilization
of apatite on initial subculturing, but only 10-17 per cent.
of the soil isolates showed similar activity. Many of these
organisms lost their capacity to solubilize apatite after
continued subculturing, and the property could not be
restored. The amount of solubilization varied consider-
ably, but was not proportional to the drop in pH. The
organisms were represented by many of the genera
commonly found in soils.

An examination of the number of solubilizers at the root
surface of subterrancan clover and Wimmera ryegrass
showed the presence of 44 and 30 per cent. respectively.

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

6. CLAY MINERALOGY.
(Division of Soils.)

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

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

From the results it seems possible to explain various
features of the muscovite structures.

(b) Phosphate Minerals—Using techniques which had
been developed earlier for the concentration and identifi-
cation of the soil phosphate minerals, gorceixite and floren-
cite, further studies were made on the distribution and
nature of these phosphates. The minerals had been identi-
fied in many soils developed on basalt (see previous annual
reports), During the last year the minerals have been
identified in a variety of soils from Australia and several
from Barbados and the United States of America. It is
significant that some of these soils, terra rossas and rend-
yinas, were high in calcium carbonate. The wide range
of occurrence indicates that these minerals are very stable
in soils and are not rarities as their complex chemistry
might suggest. Detailed analyses of several soil profiles
showed that gorceixite and florencite were not present as a
solid solution, but that in those profiles where the phos-
phate was high in barium and rare earths both gorceixite
and florencite were present. Gorceixite, the barium
member, appears to be the more resistant of the two, as,
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relative to florencite, it tends to be more concentrated in

the upper layers of the soil and its average particle size is
a little greater than that of florencite.

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

(d) Computer to Aid Structure Factor Calculations.—
A simple mechanical device had been previously designed
which allowed values of cos (fxky4lz) or
sin (hx--ky--Iz) to be read directly from tables of cos Ax.
These functions are often calculated in studying triclinic
crystals.

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

(e) Firing Characteristics of Certain Weathered Schists.
—The Onkaparinga Brickworks, South Australia, had
experienced difficulties in that certain clays crumbled on
firing whilst adjucent clays were quite satisfactory. In
the course ol 2 mineralogical examination of these clays,
it was found that partially weathered biotite was a con-
stituent of those clays which erumbled. By contrast any
biotite present in the satisfactory ciays was found to be
cither highly weathered, or unweathered, A search of
the literature showed that only partially weathered biotite
should exfoliate markedly on heating, and the exfoliation
was confirmed in the laboratory.

(f) Miscellaneous—The techniques of mineral analyses,
by X-ray diffraction, and elemental analyses, by X-ray
spectroscopy, have been developed to a high degree in
this laboratory. Much service work is undertaken for
oiher sections of the Division, and because these tech-
uigues are not generally available, where warranted, help
is given to other organizations.

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

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

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

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

7. Soi. MECHANICS.
(Division of Soils)

(a) General—There has been a steady increase in the
Soil Mechanics Section’s contact with engineering prob-
lems and in the engincering community’s awareness of
the potentialities of soll mechanics research, to such an
extent that some expuansion of the scope of the Section has
become desirable,

The work of the Section is now directed to two principal
fields of civil engineering research:

(i) Soil mechanics in relation to building research—
in which field the Section accepts respon-
sibilities compatible with the programme of
the Division of Building Research.

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

The prineipal proj.cts affecting building research are—

Shallow foundu .ions for domestic-type structures;

deep foundations for major structures.

The principal items related to Road Research are—

Wauler movements in pavement subgrades; soil

stabilization,

(h) Foundation Studies.—The principle of regional
studies ol loundation characteristics has been followed
i current nvestigations,

Typical foundation problems for domestic buildings on
clay soils in a winter-rainfall, summer-drought climate are
being studied in a comprehensive programme at the satel-
lite town of Elizabeth, South Australia, and in a spasmodic
investigation of the townships of the Wimmera region of
Victoria. ‘The complementary problem of shallow foun-
dations on clay soils in a summer rainfall zone has been
examined in the towns of central Queensland.

In regional studies of shallow foundation problems, the
distribution of the soils is first defined by pedological
studies. On each soil so defined a measure is then made
of the physical properties affecting foundation design.
1t has been widely accepted in practice that a soil type,
in the pedological sense, possesses reproducible engineer-
ing properties, This hypothesis is still subject to review,
and is receiving particular attention in the regional study
of Elizabeth where a fotal area exceeding 10 sq. miles
has been mapped in detail. The relevant soil mechanics
investigations (including studies of seasonal moisture,
volume chunge, shear strength, and consolidation charac-
teristics) are proceeding,

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

Investigations for the foundations of the new King
Street Bridge have provided an opportunity for an exten-
sive study of the South Melbourne deposits. The upper
layer, to depths of about 90 feet, comprises soft, sensitive
estuarine muds (of late Quaternary age—approximately
10,000 years), These deposits overlie a Silurian shale
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which is extensively werhered, presumably as a late Ter-
tiary land surface. Bores to depths exceeding 200 feet
have demonstrated the continuous presence of compara-
tively soft silty clay layers (with shear strength of the
order of 2 tons/sq. ft)) in steeply dipping strata. By con-
trast, the adjacent unweathered rock has shear strengths
exceeding 50 tons/sq. ft. The complexities of these strata
create many foundation problems in connexion with the
current King-street Bridge project, and, as a result, an
elaborate series of bores is planned to produce undis-
lurbed samples for inspection and testing.

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

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

(d) Soil Stabilization—A programme of investigation
into the applicability of techniques of soil stabilization to
the soils and soil conditions of the Australian mainland
and nearby areas of interest has been undertaken on the
basis of a rescarch contract. The working hypothesis
accepted in the formulation of this programme has been
that the characteristics of any natural soil determinine
its response to any stabilization procedures are reflected
in the pedological classification of the soil. Preliminary
work undertaken so far has been limited to the examina-
tion of this hypothesis in relation to available overseas
evidence, and to the selection of a range of soils to
represent the major pattern of Australian conditions.

TIT. PLANTS.
1. GENERAL.

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

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

Because of the importance of pastures in the Australian
economy and also because of the many problems of
establishment, utilization, and maintenance of improved

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

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

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

The Division of Entomology is carrying out work on
weed control, insect pests of pastures and crops, and insect
vectors of virus diseases (see Chapter I1X.).

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

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

In Chapter XXVII., Section 5 is recorded the work of
the Division of Meteorological Physics on meteorological
aspects of agricultural problems.

The work of the Fodder Conservation Section is reported
in Section 21 of this Chapter.

In Chapter XVI., Section 12, is recorded the work being
undertaken by the Wool Textile Research Laboratories
on the digestibility of pasture plants.

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

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

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

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

The Chief of the Division, Dr. O. H. Frankel, who is at
present visiting overseas research organizations, has been
invited to contribute to the International Genetics Congress

and the annual meeting of the American Society of
Agronomy.
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A new laboratory building to accommodate the Genetics
and Microbiology Sections and the Herbarium has been
completed at Canberra. WNew buildings are in the course
of construction at Brisbane to house the Plant and Soils
Laboratory, which has since its establishment been located
in buildings of the University of Queensland.

The new experiment station at Ginninderra, Australian
Capital Territory, is ready for occupation, although it is
not expected that existing experiments at the old station
at Dickson will be completed for some years. The new
station will provide a range of soils and environments
typical of much of the Southern Tablelands of New South
Wales and will greatly enhance the scope and variety of
the Division's research in a number of fields. In par-
ticular, the Division will have an opportunity of extend-
ing its research on the utilization and management of
pastures and will be able to include experiments involving
cattle as well as sheep.

2. PLANT INTRODUCTION.
(Division of Plant Industry.)

(a) International Exchange —International co-operation
in this field continued to increase. Malerial received
included a collection of grasses from the United States of
America; varieties of peas, vetches, cereals, and pasture
plants from Germany and Czechoslovakia; soybeans and
peanuts from Indonesia; and a large collection of indi-
genous regional strains of lucerne from the Union of Soviet
Socialist Republics.

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

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

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

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

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

(ii) Western Australia.—In the third year of a com-
parative sward trial of strains of Phalaris tuberosa, at
Kelmscott, introduced strains from the Mediterranean
region continued to show better productivity and per-
sistence than the commercial type. Similar trials with
Phalaris coerulescens were commenced,

Introduced strains of cocksfoot, mainly of Mediterranean
origin, showed marked differences in yield and persistence

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

Twenty-four species and strains of Trifolinm are being
tested under conditions in which subterranean clover dces
not thrive. Seed size appears to be an important factor
in the early growth, Subsequent development shows inter-
and intraspecific variation.

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

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

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

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

Introductions of soybean have been tested in field
trials in south-east Queensland. Those originating in
lower latitudes have been generally superior to those from
higher latitudes. The best yields have not exceeded
1,000 Ib. per acre. Further selective and breeding work
must precede the develcpment of varieties suitable for
commercial use.

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

(¢) Plant Geography—A study of the world distribu-
ticn of grasses is being undertaken, to assist in defining
{ the most suitable regions for obtaining plant introductions
for Australia. Studies of the grass iribes Andropogoneae
and Paniceae have been completed. Grass flora of over-
seas regions have been compared with those of the major
pastoral districts of Queensland and New South Wales,

3. GENETICS.
(Division of Plant Industry.)

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

(ii) Natural Selection.—In all natural environments
unfavorable seasonal conditions resulted in pcor germina-
tion and seed setting. 1In irrigated plots at Deniliquin there
were fewer weeds in mixed-hybrids plots than in plots
with mixed pure lines.

(iii) Flower Initiation—A study of apical meristems
has indicated that a process with a pcsitive temperature
coefficient may limit flower initiation. This process is
additional to the vernalization and night inhibition pro-
cesses previously known.

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

(v) The Effect of Temperature and Strain on Growth
Rate—Laboratory studies on five strains at varicus tem-
peratures showed that temperature, strain, and tempera-
ture x strain interactions were significant for growth
indices.



.Sl['ain differences in relative growth rate were deter-
rmneq largely by production per unit leaf area rather than
by differences in the ratio of leaf area to plant weight.

Temperature affected growth through both these
components.
(vi) Selection for Sward Productivity—Replicated

S}vz_lrds from 10F, lines have been sown at Deniliquin,
Kojonup, and Canberra. Results from Kojonup indicate
that at least one line may be of commercial value.

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

(b) Lucerne—(i) Winter Yield—Studies are complete
of inheritance and selection for winter growth in strains
and their F,’s. Further selections are being made follow-
ing back cressing and top crossing. Incorporation is
being attempted of high winter yield in creeping rooted
lines.

(ii) Combining Ability in Medicago sativa and M.
falcata.—Significant specific combining ability effects for
forage yield were found among F,'s. High correlation
coefficients between forage and seed vyields, and the
“within line ™ genotypic correlations indicate the possi-
bility of improving both forage and seed yields simulta-
neously and of utilizing heterosis for pasture lucerne
breeding.

(iii) Cold Hardiness in M. sativa—The inheritance,
and general and specific combining ability, of cold hardi-
ness has been determined in M. sativa by using an clec-
trical conductivity method.

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

(c) Phalaris Species.—(i) Interspecific Hybridization.
—To obtain data on the use of synthetic alloploids in
plant breeding, a series of hybrid combinations between
different strains of P. tuberosa and P. arundinaceae and of
P. tuberosa and P. minor have been made, The hybrids
obtained are uniformly sterile and exhibit a range of
flowering times. These will be tested at Canberra and
other sites.

(ii) Top Crossing between P, tuberosa Lines—Selected
P. tuberssa lines are being topcrossed to tester plants of
Australian commercial Phalaris and one introduction
(C.P.I. 15022). Self-incompatible tester plants which
have been isolated are being used in this programme.

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

(d) Radiation Genetics. — (i) Rooi-knot Nematode
Resistance in Tomatoes.—First generaticn plants were
screened for resistance to root-knot nematode (Meloido-
gyne spp.). Thirty-seven resistant mutants were selected
from 6200 plants following ultraviolet irradiation of pollen,
and one from 11,500 plants following X-irradiation of
pollen.

Induced resistance appears due to a single dominanl
gene, with a resistance pattern similar to the Mi gene
from L. peruvianum. More extensive tests are in progress
to confirm these findings and to determine whether there
are different genes for resistance.

(ii) Host-rhizobium Interactions in Legumes.—Second
generation seed of a number of legumes for screening for
altered host-rhizobium interactions has been produced.
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(iii) Beneficial Mutations in Subterrancan Clover.—
Screening is being carried out of second generation plants
of Tallarook subterranean clover for early flowering and
other potentially desirable mutations.

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

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

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

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

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

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

(f) Mathematical and Developmental Genetics—(1)
Arabidopsis thaliana.—A thiamin-requiring mutant results
from a genetic block operating in the pathway leading to
the formation of 4-methyl-53-(hydroxyethyl)-thiazole.
The mutant has an unusual temperature sensitivity, in that
it loses its requirement for thiamin as the temperature is
increased.

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

(ii) Recombination in the Tomato.—Certain chemicals
and graft stocks significantly decreased recombination.
No treatment applied increased recombination. The
amount of natural variation and the effect of age and
position of flowers on recombination are being studied.

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

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

(iv) Trisomic Inheritance (In co-operation with Univer-
sity of California, Davis).—A comparison is being made
of recombination wvalues obtained from trisomic and
disomic individuals.

(g) Pasiure Plant Breeding.—Ta define breeding objec-
tives a range of ecotypes of seven species suitable for
wheat belt pastures (Dactylis glomerata, Ehrharta calcy-
cina, Hordeum bulbosum, Lolium multiflorum, L. perenne,
Phalaris coerulescens, and P. tuberosa) were grown as
spaced plants in localities with 18, 21, and 25-in. annual
rainfall. Assessments were made of productivity, flower-
ing time, summer dormancy, and persistence.
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4. GENERAL BoTany.
(Division of Plant Industry.)

(a) Structural Botany —Studies continued of the early
ontogenetic development and histogenesis of monocoty-
ledonous flowers. Examination is complete of Juncus spp.
and Luzula campestris of the family Juncaceae. The
general pattern of floral histogenesis in these species is
comparable with that previcusly described for species
belonging to the families Gramineae and Cyperaceae.

(b) Taxonomy and Systematic Botany.—A comprehen-
sive index to Australian generic names has been completed
under the title *“ A Dictionary of Australian Plant Names .
The preparation of the Australian genera of Leguminosae
for the international Index Nomina Genericorum has also
been made. An account of the native and introduced
grasses of the Australian Capital Territory and a check-
list of New England plants have been completed. These
will provide useful hand-books for botanists working in
the respective districts.

A revision of Helichrvsum subgenus Ozothamnus has
been completed and a new species of Ixodia described.
A revision of the Australian species of Psoralea, and
studies of the genera Themeda, Nicotiana, and Hypoxis
are being undertaken.

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

5. MICROBIOLOGY.
(Division of Plant Industry.)

(a) Phytopathology—(i) Studies on the Phytoalexin
Theary of Disease Reaction.—It has been confirmed that
temperature treatments of pods of Phaseolus vulgaris prior
to inoculation with either Sclerotinia fructicola or Botrytis
cinerea alters their clinical response to infection. The
mechanism of this process is being investigated. Other
host-parasite combinations are being used to study the
biological activity in the host-parasite interaction chosen
for this phase of the phytoalexin project. The purifica-
tion and identification of the active component is being
undertaken.

Crude phytoalexin diffusates from either bean or pea
S. fructicola interactions can cause some inhibition of
tobacco mosaic virus infection.

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

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

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

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

(b) Rhizobium Investigations. — (i) Physiological
Studies of Bacteroids.—Suspensions of bacteria isolated
from soybean nodules of various ages were used to estab-
lish patterns of change with time in respiration, nucleic
acid content, and cell dry-weight.

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

(iii) Genetic Analysis of Symbiotic Variation in Tri-
folium ambiguum.—Selection has been made for various
nodulating characteristics, The nature of the inheritance
is being analysed.

(iv) Seasonal Changes in Nitrogen Fixation,—The
effect of season on nitrogen fixation was studied under
controlled glass-house conditions. Summer-grown nodu-
lated plants produced greater yiclds but fixed less nitrogen
than plants grown in the autumn. Unnodulated plants
supplied with combined nitrogen produced the same yields
in summer and autumn but took up less nitrogen in the
summer months.

(v) Field Populations of Rhizobium.— Population
levels of Rh. trifolii in soils from natural pastures in the
Armidale area, New South Wales, are determined by the
clover species present. Populations were influenced by
environmental factors only inasmuch as these influenced
host plant populations.

(vi) Stock Culiure Collection—Effectiveness groupings
of the genera Lotus and Anthyllis have been made.
Strains effective on L. corniculatus were effective on
L. tetuis and L. arvensis, but were ineffective on L.
uwlginiosus. L. australis together with L. coccineus fall
within a third group and L. maroccanus in a fourth.

An anthocvanin-rich strain of barrel medic has been used
in the rapid evaluation of the symbiotic effectiveness of
Rh. meliloti, differences between plants nodulated by
effective and ineffective strains being significant sixteen
days after inoculation.

(vii) Inoculation of Seed and Clover Establishment.—
Nodulation failure in certain areas of the New England
region of New South Wales has previously been shown to
be due to inoculation failure. Methods of giving the
applied inoculum of nodule bacteria which is placed on
the seed a greater advantage than it has using conven-
tional methods are being investigated. A method has
been devised for pelleting clover seed with a mixture of
bentonite and organic material capable of supporting con-
siderable multiplication of the inoculum during germina-
tion of the seed. In row trials in the New England region
using pellets of this type, the percentage of plants nodu-
lated was considerably improved.

Studies by the Plant Nutrition Section on the nodulation
of legumes are reported in Section 7 (b) of this Chapter.

6. GENERAL CHEMISTRY.
(Division of Plant Industry.)

(a) Soil Fertility —The effects have been studied of
acrobic and anaerobic incubation, in the presence and
absence of glucose, on the availability of relatively unavail-
able phosphates added to soil. Strengite (FePQ,.2H.0)
and native soil phosphate became more available following
anaerobic incubation. This effect was sometimes increased
when glucose was incubated with the soil. Rock phos-
phate and variscite (AIPO4.2H.O0) were less available
following anaerobic incubation, but these reductions in
availability were prevented when glucose had been present.

These results are at variancz with the generally accepted
view that decomposing organic matter greatly increases
the availability of iron and aluminium phosphates by pro-
ducing organic acids which complex with the iron and
aluminium to yield a release of phosphate,
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(b) Sulphur Availability —This investigation has been
extended to a study of the carbon, nitrogen, sulphur, and
phosphorus in a range of soils chosen to cover a wide
variety of parent materials, climate, and topography, and
included both cultivated and uncultivated soils. In the
soils examined, a close relationship existed between carbon,
nitrogen, and non-sulphate sulphur. Alkaline soils con-
tained a slightly higher relative proportion of non-sulphate
sulphur than did acid soils. Water soluble sulphate made
up only a small proportion of the total sulphur in the
majority of the soils examined,

In most soils, most of the sulphur appeared to be
present in organic forms. Organic phosphorus, although
correlated with carbon and nitrogen, showed wider varia-
tion than sulphur. The mean relative proportions of
carbon: nitrogen: non-sulphate  sulphur: organic  phos-
phorus (C: N: S: P) were 150: 10: 1.26: 0.66.

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

(d) Spectrochemical Investigations—An examination
commenced of the applications of atomic absorption
spectroscopic analysis to agricultural samples.

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

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

7. PLANT NUTRITION,
(Division of Plant Industry.)

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

(h) Nodulation of Legumes—Experiments in which
calcinom and hydrogen ions were varied independently
showed that hydrogen ions have a dominant effect on
the growth of Rhizobiwm. Calcium ions had no effect at
any pH and were required at most in trace amounts.

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

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

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

.expanded and begin to emerge.

varying degree, but throughout which the growth of the
plant is not affected, provided nitrogen is not deficient.
Also under conditions of extreme acidity or low cal-
cium supply, clover would not grow well even if the plants
were induced to form nodules.
Studies by the Microbiology Section on Rhizobium are
reported in Section 5 (b) of this Chapter.

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

Sulphur metabolism experiments using short intervals of
uptake of #°S sulphate have indicated the earliest detect-
able product of #5S sulphate reduction. Methods are being
developed for the isolation of the compound for
identification.

8. MINERAL NUTRITION OF PLANTS.
(Division of Biochemistry and General Nutrition.)

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

The occurrence has been demonstrated of recognizable
morphological changes in the developing leaves which
supervene on zinc deficiency, and that do not become
apparent in the intact plant until the affected leaves have
The findings explain
the difficulties that have been experienced when attempts
have been made to relate the concentration of zinc in the
plant and its parts to the status of the plant as a whole,
and will permit earlier recognition of zinc deficiency.

The amounts of zinc in the various parts of the plants
have been estimated by direct microchemical procedures,
and distribution at various stages has been determined by
radioautographs of the organs of plants that had been
provided with ®Zn. These observations have shown con-
clusively the redistribution of zinc in the various organs
during development.

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

9. PLANT PHYSIOLOGY.
(Division of Plant Industry.)

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

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

(b) Seed Germination—Investigations into the stimu-
lation of the germination of seed of Anagallis arvensis by
red light (6800 A) and its inhibition by near infra-red
(7200 A) have been continued. Mixtures of red and
infra-red, or alternate exposures to submaximal red and
infra-red, resulted in an amount of germination which
depended on the proportions of these. Temperature level
and temperature alternations affect the ability of the seed
to be stimulated by red light.



26

Evidence has been obtained that gibberellic acid can
reinforce and substitute completely red light in its action
on germination,

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

(c) Seedling Growth—Volume changes are being
studied in successive leaf primordia and other structures
at the shoot apex of wheat seedlings. These changes have
now been linked with the weight changes already known
for the first four leaves, the stems, and the roots. The

change from dependence on seed reserves to dependence |

on the environment for raw materials is critical.

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

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

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

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

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

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

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

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

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

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

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

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

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

10. BIOCHEMISTRY.
(Division of Plant Industry.)

(a) Cell Growth and Differentiation.—Problems of cell
division, growth, and differentiation are being studied in
isolated plant organs and tissues cultured aseptically.

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

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

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

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

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

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

Attempts to obtain incorporation of 4C-aspartic acid
into the virus, and into the soluble antigen, in cell-free pre-
parations of leaf homogenates were unsuccessful.

(ii) Ribonuleic Acid (RNA) Synthesis in Tobacco
Leaves Infected with TMV.—TMV-infected tobacco
leaves were examined for the presence of polynucleotide
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Ph0§phorylasc. This enzyme catalyses the reversible poly-
merization of nucleoside diphosphates (such as adenosine
diphosphate (ADP)) into long-chain, RNA-like poly-
nucleotides. Whether it functions in RNA synthesis within
the cell is still not clear, Experiments to date have failed
1o demonstrate any activity,

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

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

TMV which had been absorbed strongly on a column
of the ion-exchange resin and then eluted was compared
with virus which had not been absorbed on the column.
The only significant difference was in their absorption
spectra, and this difference occurred only in a few
experiments. There was no significant difference in either
molecular weight or biological activity.

(¢) Haemoglobin and Cytochromes of Sovbean Root
Nodules—Quantitative measurements of cytochrome con-
centrations carried out on the bacteroid and vegetative
forms of *“effective” and * ineffective” Rhizobium
strains confirm the qualitative observations previously
reported. When these organisms are grown vegetatively
under lowered oxygen tensions the cytochrome a decreases
in amount. but does not disappear, as in the * effective
bucteroids. The relation between these cytochrome changes
and the terminal oxidase systems of Rhizobium are now
being studied.

Some purification of a cytochrome ¢ type pigment, one
component of this oxidase system, has been achieved.
When bacteroids are disrupted by a varlety of mechanical
procedures, 30 per cent. only of the total cytochrome ¢
is rteleased into solution. The insoluble cytochrome ¢
is spectroscopically identical with the extracted pigment.

Spectroscopic and microscopic observations on the
pellets obtaincd by centrifugal fractionation of the dis-
rupted bacteroid suspensions suggest that most of the
insoluble cytochrome a and c is present in the plasma
membrane-cell wall fraction, A direct interaction may be
possible between the extracellular leghaemoglobin and the
bacterial cytochrome pigments. Attempts are being made
to release the insoluble cytochromes by chemical and
enzymic methods.

-

(d) Oxidation of Inorganic Sulphur Compounds by Soil
Microorganismis.—Preliminary results on the extraction
of a thiosulphate oxidizing enxyme and some cytochrome
components from Thiobacillus X (Thioparus) were
reported previously. The enzyme and three soluble cyto-
chromes (cytochromes 550, 553.5, and 557 respectively)
have now been separated from extracts and partly purified.
The cytochromes all appear to be of the ¢ type and have
positive redox petentials of 0.15-0.21 V.

The thiosulphate oxidizing enzyme catalyses the oxida-
tior: of thiosulphate to tetrathionate, and also the reduction
of cvtochrome 533.5, which is in turn oxidized by a
cyanide-sensitive system in a particulate fraction from
Thiahacitlus X.

Sho-t-time incubation experiments with 37§ thiosulphate
prozided evidence that tetrathionate is the first product of
thicsulphate oxidation by intact Thiobacillus X.

‘T his aspect of the work is now complete. The pathway
of oxidation of tetrathionate by thiobacilli is now being
studied.

(¢) Conversion of Ferric Phosphate to Soluble Phos-
phate.—Anaerobically decomposing clover tops in aqueous
medium readily convert ferric phosphate to soluble phos-
phate, and can do so in the presence of iron and aluminiun
oxides. Phosphate in solution first increases and then
decreases with time. This decrease is due in part to the
formation of a phosphate which is soluble in acetic acid.

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

11. Biopuysics.
(Division of Plant Industry.)

(a) Membrane Studies on Nitella.—(i) The Effect of
Detergents—Dilute solutions of ionic detergents, when
applied to Nirella cells, rapidly bring about their death.
Microelectrode measurements of membrane resistance and
potential difference indicate that the site of action of the
detergent is the plasmalemma.

Survival time of the cell falls with decreasing ionic
strength, increasing detergent concentration, and increas-
ing hydrocarbon chain length; survival was much shorter
in cationic than in anionic detergents. At high detergent
concentrations survival time was constant.

(ii) Electron Microscopy.—An investigation is being
made of the structure of the plasmalemma and other
features of plant cell structure. In Nitella cells fixed with
potassium permanganate, electron microscope pictures
revealed a plasmalemma with the appearance typical of
lipoprotein membranes.

(b) Physico-chemical Studies.—(i) Tetrapyrrole Pig-
ments—The spectra and basicity have been studied of
a number of simple porphyrins (uro- copro-, and proto-
porhyrins as their methyl esters), solubilized in detergent
solutions. Apparent pK values for the porphyrins have
been determined. The spectra of the monocationic species
of the porphyrins were determined in anionic detergent
solutions, but no evidence was found for the existence of
this species in either cationic or non-ionic detergent
solutions.

(ii) Phenoxy-type Acids—It is possible to evaluate
H-acidity functions for concentrated solutions of hydro-
chloric acid, by using the spectroscopic change associated
with the ionization of the strongly acidic phosphorus
analogues of phenoxyacetic acid. It is possible in this
system to compare the H, H,, and activity functions under
standard conditions,

(c) Measurement of Injury in Plant Tissues.—The low
frequency-high frequency resistance ratio method of deter-
mining injury to plant tissue is being used to study cold
hardiness of and drought injury to lucerne, and heat hardi-
ness of Phalaris strains. This will serve as a guide in
selecting parents and screening progeny in plant breeding
programmes.

12. PranT Ecorocy.
(Division of Plant Industry.)

(a) Rain-foresi Ecology.—Following the classification
of rain-forests studies are being made of succession within
particular communities. Particular emphasis is being paid
to the regeneration of species such as hoop pine (Araucaria
cunninghamii) which are of value to the timber industry.
Field and laboratory studies are in progress to separate
microclimate and edaphic factors in plant succession.
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{h_) Alpine Ecology—Studies have continued of the
relationship of summer grazing in relation to water catch-
ment values. Small grazing experiments in the Kosciusko
area  have confirmed observational data previously
reported.  Soil loss and surface run-off studies support
an earlier conclusion that a dense cover of grass is most
suitable for the maximum infiltration of water. Evapo-
transpiration losses from alpine bogs are being studied.
Instruments for these studies were designed by the Division
of Meteorological Physics.

(¢) Ecology of Subalpine Grasslands—The first objec-
tive of this study, namely, the origin of the treeless grass-
lands of the subalpine areas, should be achieved this year.
The effect of trees in modifying their own microclimate
is under investigation,

(d) Ecological Studies—Southern Tablelands of New
Soutle Wales—(i) Vegetation Survey.—The delimitation
and classification of the plant communities on the Southern
Tablelands has continued, and special emphasis has been
given to the Yass River catchment, particularly the area
south of Gundaroo.

(ii) Autecology of Bothriochloa ambigua.—This work
has been completed.

(iii) Microclimates and Topography —This work which
will be continued at the new field station at Ginninderra
is to be extended to a study of the effects of shelter-belts,

(iv) The Distribution of Native Plant Communities in
Relation to Soil Nutrient Status—Although soils of the
Eucalyptus polvanthemos and E. melliodora communities
differ in phosphorus status no evidence has been obtained
that there is anv relationship between soil phosphorus and
the relative growth of the two species. Soils of E. rossii
communities were found to be low in calcium. Subter-
ranean clover grew poorly on such soils unless lime was
added.

(e¢) Vegetation Survey of the Macquarie Region, New
South Wales—This work has been completed.

(f) Arid Zone Ecologv.—A study of the degeneration
of bladder saltbush (Atriplex vesicaria) communities under
grazing has been commenced. Under heavy grazing Atri-
plex vesicaria is replaced by Bassia spp. and by grasses,
principally B. uniflora and Enneapogon avenaceus.

Soil studies suggest that even where the saltbush cover
is well preserved there is a mild soil stability associated
with the arid climate. The instability of the soil is greatly
increased by destruction of the saltbush under heavy stock-
ing with sheep. Severely eroded soils have a strongly
saline soil profile and are devoid of vegetation. The salinity
pattern in saltbush stands suggests that saltbush takes up
soluble salts in the 6-12 inch zone and through leaf shed-
ding returns saline materials to the soil surface.

(g) Ecological Studies on Weeds—(i) Distribution of
Introduced Plants in South-eastern Australia.—A compari-
son was continued of the climatic range of introduced
species in Australia and in overseas countries.

(ii) The Biotic Factor and its Significance in Plant
Succession and Weed Invasion—The effect of one species
on another is being studied both at Canberra and in the
rain-forests of southern Queensland. At Canberra one
species has been found to affect the germination of another.
Danthonia sp. plants at high densities were found to com-
pete successfully with Bothriochloa ambigua, but at low
Aensities they did not prevent invasion by the latter.

(iii) Competition between Skeleton-weed (Chondrilla
juncea L.) and Cereal Craps.—The effect of skeleton-weed
competition on the yield of wheat and oats was investi-
pated, and nitrogen was found to be the major factor
limiting vield. Fallow sprays which in 1956 reduced
competition between skeleton-weed and cereals for nitro-
gen were ineffective under the dry conditions prevailing in
1957. The results point to the necessity of building up
soil nitrogen levels on skeleton-weed infested land by rota-

tions including legumes.

(iv) Competition between Skeleton-weed and Pastures.
—Experiments are in progress at Cowra to determine the
effects of competition by pastures on the subsequent growth
of skeleton-weed and on the effect of the weed on succeed-
ing creal crops.

(v) Competition between Hoary Cress (Cardaria draba)
and Winimera Ryegrass (Lolium rigidum).—The adverse
competitive effects of ryegrass on hoary cress noted in the
field are being examined in pot cultures.

(vi) Nasclla trichotoma (Yass River Tussock) —The
control of tussock by competition from pasture plants is
being investigated. Particular attention is being paid to
the factors controlling the establishment of pasture species
on land not suitable for cultivation.

(vii) Control of Thistles in Pastures—Studies have
commenced on the autecology of a number of thistles
which are weeds of pastures, particularly under conditions
of high soil nitrogen.

(viii) Ceontrol of Aquatic Weeds.—Results obtained in
1956 which showed that applications of the ethyl ester
of 24-D in 22 per cent. Diesel distillate were effective
in controlling cumbungi (Typha angustifolia) in irrigation
channels for periods of 4-5 months were again obtained.
The importance of maintaining water levels at 2-2% ft.
depths subsequent to spraying was confirmed. Two appli-
cations of 24-D at 6 Ib. per acre with maintenance of
high water levels would give cheaper and more effective
control than mechanical methods. Another method of
control which appears to be more permanent than 2,4-D
is the use of high rates of aminotriazole. The same treat-
ment is effective for controlling Paspalum distichum
(water couch).

(ix) The Control of Eucalypt Regeneration in Fire-
breaks—The control of eucalypt suckers following bull-
dozing of fire breaks has been achieved by spraying with
* Ammate "'; control is enhanced by addition of a wetting
agent.

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

13. FrulT INVESTIGATIONS.
(Division of Plant Industry.)

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

«difference between these three substances in the amount
of increase, but the effect of NAA may be operating
through a blossom thinning mechanism rather than by a
direct stimulus to division. Unlike earlier experience there
was some transfer of effect from the sprayed to the un-
sprayed halves of the trees.

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

Investigations of the effect on cell division of competi-
tion between fruitlets in the cell division stage using hand
thinning methods indicated that increased cell division
resulted when competition was reduced. This also reduced
maturation rate, as measured by colour change and acid
level, and incidence of Jonathan spot. Attempts to achieve
a similar effect by chemical means were unsuccessful.
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Inconsistent results followed attempts to affect the nitro-
gen status of different parts of one tree.

(i) Apple Scald —Continuing trials have shown that
wraps containing 1.5 mg. diphenylamine were still effective
In controlling scald eighteen months after preparation, Pre-
harvest spraying at 2,000 p.p-m. became ineffective two
days after treatment, but the material could be applied
mm;:}y and effectively as a post-harvest spray prior to
packing. No other substances tried were as effective as
diphenylamine,

(iii) Maturation of Fruit in Relation to Climate.—This
study is part of a cooperative experiment with the States
of Quecnsland, New South Wales, and Tasmania. In
T:i5t11ania the duration of higher temperatures may be the
important factor, and apples may be more sensitive than

expected to small differences in the diurnal high tempera-
ture range.

(iv) Internal Atmosphere Composition in Relation to
Fruit and Crop Size—Preliminary results from this inves-
tigation suggest that part of the higher susceptibility to
disorders of light crop fruit may be associated with higher
internal carbon dioxide concentration.

(b) At Applethorpe, Queensland—(i) Rootstock
Investigations—In the twenticth year of the trial with East
Malling stocks, Granny Smith trees on M.II. have yielded
the heaviest crops followed by Spy, M.XIL. and M.XVL
(equal), Pomme de Neige scedlings, and M.XIII. With
the variety Jonathan the largest total crop has been
produced by the largest trees on M.XII. stock.

The pruning and stock trial after nineteen years indicates
that lightly pruned trees, with the use of the Weckers
method, bears the heaviest crop. However, the larger
Weckers-pruned trees, particularly Granny Smith, have
failed to maintain growth,

The first crop from Merton stocks with Delicious scion
indicated that Sky and 789 are stocks inducing early
growth and heavy bearing. Trials with Merton-
Malling stock, Jonathan scion, have given no indication of
distribution between early or late crop inducing stock.

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

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

14, ToBACCO INVESTIGATIONS.
(Division of Plant Industry.)

(a) Canberra—(i) Genetics.—Experiments to transfer
resistance to blue mould (Peronospora tabacina) from
Australian species of Nicoetiana to commercial varieties of
N. tabacum were continued, Back-cross progeny have
given a small proportion of resistant plants resembling flue
cured tobacco in superficial characters.

Seeds have been treated with X-rays, gamma rays,
thermal neutrons, and chemical mutagens, and pollen
grains with X-rays and ultraviolet radiation. Screening of
35,000 first generation plants following mutagenic treat-
ment did not reveal a dominant resistant mutant. Screen-
ing of 700,000 second generation plants from ultraviolet
treatment of pollen, representing 1494 treated seeds or
pollen grains, yielded some resistant plants. These,
together with one spontancous mutation from untreated
seed of Virginia Gold, are being examined for disease
susceptibility and other characteristics.

(ii) Blue Mould (Peronospora tabacina)—Field sur-

veys.—Surveys were made of the incidence and distribution
of blue mould in tobacco areas of Mareeba in Queensland,

and Shepparton and Gunbower in Victoria. The looper
moth (Plusia argentifera) may be a factor in the spread of
the discase between fields.

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

Control—Glass-house experiments have shown that blue
mould in seedlings can be controlled by the use of benzol
vapour even though infection has taken place.

Host-pathogen  Relationships in Infected Tobacco
Stems.—Studies of the origin and spread of stem infection
in seedlings and field plants and the relationship between
stem infection and survival of the pathogen between
seasons have shown that some stem infected seedlings
survive transplanting. Subsequent growth of the transplant
is determined by the rate of growth of the pathogen in
the stem,

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

Spore dissemination—The pattern of spore dissemina-
tion in the field and glass-house is being investigated.
Comparative spore numbers present per hour under vary-
ing conditions of temperaturc and moisture have been
determined. Spore survival is being examined under
different environmental conditions of dissemination,

(iii) Leaf Structure and Quality—-A study has been
made of the anatomical structure of cured tobacco leaf of
various commercial grades to ascertain the structural
characteristics of the leaf responsible for the textural
differences used in commercial grading. In tip grade
leaves vein density was higher, cell size smaller, and the
ratio dry weight to thickness higher than in all other grades.
No significant differences occurred between other grades.

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

(i) Plant Breeding—A wide range of varieties was
tested under local conditions for susceptibility of blue
mould, growth, morphology, and curing behaviour. Of
the varieties tested two Clayton hybrids and a tabacum
X debneyi amphidoploid from Canada remained free of
blue mould. A preliminary crossing programme based on
these varieties was completed,

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

(iii) Plant Nutrition.—Field trials have been established
lo investigate nitrogen relationships between soil and plant
and to study the effect of nitrogen, phosphorus, and potas-
sium fertilizers at different levels and in all combinations.
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Experiments in the field and in sand cultures have shown
that leaf known as “ trashy ™ can be produced by un-
balanced nutrition,  Chemical analyses have shown
the probable pathway of metabolism responsible for the
production of this low-grade leaf.

15, PASTURE INVESTIGATIONS, CANBERRA.
(Division of Plant Industry.)

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

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

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

An examination of the separate factors of cutting and
feeding back on both pasture and annuals showed that a
Phalaris tuberosa-subterranean clover pasture cut for hay
in 1955 and 1956, while not affected in these years, was
markedly reduced in the 1957 drought year. Reductions
in wool and lamb production were only partly counter-
balanced by feeding back all of the material consumed by
cutting in the two previous years.

(ii) Crops for Supplementary Feeding of Animals.—
Another system of minimizing the effects of low pasture
productivity in winter is to grow crops such as oats which
are subsequently fed back, No gain in annual production
can be expected from cropping; animals on pasture alone
did better than those on which one-third of the area was
devoted to crops.

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

(iv) Increased Ulilization of Dry Pastures by Spraying
with Urea and Molasses.—Such treatments appear to in-
crease pasture utilization by inducing animals to be non-
selective in their grazing, but in so doing may not neces-
sarily increase animal production.

(v) Special-purpose Pastures for Summer and Winter.
—To investigate the initial and subsequent capacities of
individual species for dry matter production under grazing,
four early-maturing and four late-maturing perennial
grasses are being compared with Phalaris tuberosa for
annual production and plant persistence under winter and
summer grazing respectively. During the summer grazing
period 1957-58, Bromus ineriitis and Phalaris tuberosa
were superior to all other species under test. Liveweight
gains on the Bromiis pasture were slightly higher than on
Phalaris. ;s )

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

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

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

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

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

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

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

(i1} Crop-pasture Ley Investigations.—Investigations
continued on the possible use of annual species of Medi-
cago as bases for temporary leys in the wheat belt. Data
are available on the yield, persistence, effect on soil
nitrogen, and palatability of a range of species and strains,
A collection of 70 homozygous strains of barrel medic
from overseas and Australia is being multiplied at
Canberra. The nutritional requirements of barrel medic
are being compared with those of subterranean clover as
a possible aid to an understanding of their occurrence on
different soils.

16, PASTURE INVESTIGATIONS, ARMIDALE,
(Division of Plant Industry.)

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

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

(b) Management and Ultilization of Sown Pastures.—
Using a mowing technique, time, frequency, and intensity
of defoliation of four pasture mixtures have shown little
difference in subsequent productivity between the most
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severe and most lenient defoliation treatments. An excep-
lion to this was that a cocksfoot-clover pasture under
severe defoliation showed a decline in subsequent produc-
tivity as defoliation was commenced later in the spring.

The low production of pastures during the winter months
constitutes one of the limitations to increased animal pro-
dnction in the New England region, A range of annual
species is being tested to determine the best species for
increasing the amount of forage available during the winter
months,

(c) Improvement of Native Pastures.—A comparison
was made of different methods of sowing a range of grass
species into a virtually pure stand of clover previously
established by surface seeding, The success of establish-
ment of the grasses was in the order combine, sod seeder,
and broadeast methods of sowing, In another experiment,
the yields of cocksfoot and tall fescue were greater where
sowings were made with a sod seeder than where they were
made with a disk drill.

Studies of the effects of burning native pastures before
surface seeding with clovers have been inconclusive. In
1956 there was a slightly greater establishment of clover
where native pasture was burned before sowing, but in 1957
establishment was higher where native pasture was not
burned.

(d) Plant Nutrition Studies—Critical phosphorus levels
in soils are under investigation with the objective of deter-
mining the minimum level of phosphatic fertilizer neces-
sary for adequate plant growth.

From a study of sulphur response curves of a wide range
of soils, 24 soils were graded according to sulphur
deficiency. Leached soils from the New England region
showed the greatest deficiency, while a variety of soils
including a krasnozem from Lismore, a red-brown earth
from Griffith, a grey-brown soil of heavy texture from
Deniliquin, and a brigalow soil from the Darling Downs
showed the least deficiency.

Studies of decomposition of organic matter, with par-
ticular reference to the formation of ammonium and sul-
phute, have shown that mineralization of an element from
organic matter depends not only on the proportion of that
clement in the organic matter, but also on the proportion
of the other elements.

{e) Clover Nodulation—One hundred and thirty
naturalized strains of Rhizobium organism were collected
and 50 of these tested. More than 20 per cent. proved
more effective in nitrogen fixation than the standard strain
used in commercial Rhizobiwm cultures. When testing is
completed, the most effective sirains will be further
examined for resistance to the microbial antagonism which
prevents nodulation of sowings of inoculated subterranean
clover seed.

Prior application of fertilizers had no beneficial effect on
the microbial antagonism as meuasured by the nodulation
obtained in subsequent sowings of inoculated subterranean
clover seed.

Although earlier attempts to improve nodulation by the
use of lime, when applied in the drill row or in other
ways, were unsuccessful, recent sowings of lime pelleted
sced have shown un improvement in nodulation. The
specific effect of the lime pellets and the effect of other
seed coatings are being investigated further,

17. PASTURE INVESTIGATIONS, DENILIQUIN,
(Division of Plant Industry.)

(a) Semi-arid Pastures—Population growth studies
are now complete of Danthonia caespitosa in an eight-year
grazing trial.  The number of plants was not affected by
changes of stocking rate from one sheep to 1.2 acres to
one sheep to 2.4 acres. Climatic conditions determine the
death and seedling establishment, and the population is
dominated by plants of a single age group. The indiffer-

ence of the pasture to district stocking rates suggests that
extreme rates will be needed 1o force the grassland on these
heavy clay soils to a further degenerative stage.

An experimental programme, based on present know-
ledge of the ecology of Riverina pastures, was commenced
to develop methods of reducing the wide seasonal fluctua-
tions in carrying capacity. Saltbushes (Atriplex nummu-
laria and A, vesicaria) are being re-introduced into pastures
where they have been eliminated by stock. The nutrition,
water relations, and production of saltbush are being
studied in a grazing trinl. Lucerne varieties, Phalaris
tuberosa, Bromus spp., and Agropyron spp. sown in rows
at varying spacings are also being assessed.

() Irrigated Pastures—Increased emergence of clovers
on heavy soils has been obtained by the use of gypsum.
Four field trials on methods of application were completed
in the current irrigation season. A further trial has been
commenced, Production of subterranean clover was
increased from 1.8 tons dry matter per acre on the un-
treated to 2.6 tons by the use of gypsum, independent of
the beneficial effect of the gypsum on emergence.

Trials to assess production, palatability, and persistence
under cutting and grazing of 36 pasture species (21
legumes and fifteen grasses) have been satisfactorily estab-
lished on both light and heavy soils. Trials have continued
of lucerne strains with special reference to winter produc-
tion. A promising variety (Hairy Peruvian) has been
sown for seed multiplication and a further trial is in
progress of its performance and persistence under a winter
cutting programme.

Gross deficiencies of nitrogen and to a lesser extent
phosphorus and sulphur have been demonstrated on a
range of soil types. A number of problems have been
found associated with nitrogen fixation in legumes. In
many cases the legumes respond to applied nitrogen.
Nitrogen fixation is poor even though nodulation with
effective strains can be achieved. It is becoming evident
that this problem limits production of many irrigated
pastures.  Studies of minor clements, seed pelleting, and
inoculation are being made to solve this problem.

The role of fertilizer nitrogen, the rate of accumulation,
and loss of nitrogen in the soil is being investigated with
two summer crops, rice and a forage crop (Japanese
millet).

The response of Japanese millet to applied nitrogen
under grazing and cutting showed evidence of recycling
of nitrogen under grazing. This trial is being continued to
assess long-term effects of nitregen application. The rice
trial continues to show long-term effects on the soil and
soil nitrogen,

(¢) Pasture Growth—Growth experiments on sub-
terrancan clover swards have shown that leaf distribution
may be an important characteristic, as it determines the
magnitude of stem respiration losses following defoliation.
The distribution of leaves in depth, which varies with
variety, has important effects on defoliation patterns and
will influence the effects of grazing on varieties. The
analysis of these effects will have important implications in
grazing management.

18. AGRICULTURAL Prysics, DENILIQUIN,
(Division of Plant Industry,)

(i) Simultaneous Transfer of Heat, Water, and Soluble
Salts in Soils—The theory of this subject was elaborated;
improved differential equations describing the simultancous
transport of water, heat, and salts were derived. These
equations were applied to steady-state heat conduction in
moist porous materials, thermal conductivity measurements
with cylindrical probes (see below), and evaporation from
dry soil.

Apparalus is now in operation for studying simultaneous
transfer of heat and water under controlled conditions.
Thermal conductivities and moisture characteristics of
mulerials to be investigated were measured.
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A detailed study was made of the measurements of
thermal conductivity and moisture content with cylindrical
probes. A theory of the method was enunciated and tested
figuinst laboratory experiments. 'This has led to an
improved probe construction and to a better interpretation
of experimental results.

(i) Climatic Differences between Irrigated and Non-
irrigated Pastures, with Special Reference to the Influence
of Advection—Measurements of climatic differences
between irrigated and dry pastures during two seasons
have been collated and analysed. This has led to the
development of a physical theory for calculating the micro-
climate of an irrigated pasture from meteorological data
for the surrounding dry land, to a theoretical estimate of
the potential evaporation rate for irrigated pasture and
meteorological data for the surrounding dry land, and to a
theoretical estimate of the potential evaporation rate for
irrigated pastures.

19, PASTURE INVESTIGATIONS, WESTERN AUSTRALIA.
(Division of Plant Industry.)

(a) Studies on Perennial Grasses—(i) Phalaris
tuberosa.—Siudy is complete of the effects of nitrogen
supply and extension of the growing season on four strains
of P. tuberosa. The influence of initial plant density on
yield and persistence is being examined when nitrogen is
applied. Nitrogen had a small effect on persistence over
the first summer, but density effects were very large. The
relationship between root and top growth are also being
studied. Attempts to increase, substantially, the produc-
tion and carrying capacity of a Phalaris pasture by the
application of heavy doses of nitrogen fertilizer (300 Ib.
nitrogen/acre) were not successful.

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

Introduced species and strains of Hyparrhenia have been
established in nursery rows. The characteristics of these
introductions are being examined, including their tolerance
to and growth rate under low winter temperatures.

(iii) Other Studies—Experiments are complete at
Kojonup and Perth in which the four grasses Hyparrhenia
hirta, Ehrharta calycina, Oryzopsis miliacea, and Phalaris
tuherosa were examined under intermittent grazing.
Phalaris tuberosa was best of those tested at Kojonup, and
Hyparrhenia hirta at Perth. The performance of
P. tuberosa at Kojonup, cven though relatively good, has
not given any grounds for optimism regarding its future
use.

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

(h) Species and Strain Experiments with Annuals—
(i) Subterranean Clover—Experiments with strains grown
under spaced and sward conditions have shown that seed
production per se. though clearly important, is not the
only factor involved in adaptation of strains to an environ-
ment. There is 2 minimal value for seed production for
long-term persistence. above which seed yield is not
important. Studies of strain adaptation in mixed swards
have shown a broad relationship—relative frequency of
strains is inversely related to maturity grading. Some strains
of early-mid-season maturity persisted better than expected

from this relationship.

Interelationships are being determined of strain and
animal performance by using the three strains Dwalganup,
Yarloop, and Bacchus Marsh. There were clearly defined
differences in sheep body weight trends on the three
pastures, Bacchus Marsh being superior to Yarloop, and
Yarloop to Dwalganup.

(ii) Brome Grasses—Grazing trials on mixtures of
Bromus species were continued at a stocking rate of three
sheep/acre. Some losses in body weight occurred during
ll}c summer. 8. carinatus and B, catharticus have virtually
disappeared after three seasons, but B. (rinii and
(especially) B. mollis are persisting satisfactorily., The
volunteer ripgut brome (8, rigidus) has increased in
density during the past two years.

(¢) Plant Nutrition.—(i) Phosphate—Comparison has
been completed of the effect of annual superphosphate
dressing and single initial dressing on a pasture grown for
four years on both Kojonup sand and Boscabel lateritic
soil followed by a cereal crop.

During the pasture phase total production was ot
affected by method of phosphate application. In the cereal
year when all treatments were residual, annual dressings
gave the higher vield. Annual applications were superior
on the lateritic soil both for pasture and cereal. Phosphate
analyses showed that very little applied phosphate was
fixed in the organic form and that appreciable amounts
were lost by leaching,

(ii) Zinc—1In a field experiment conducted over several
years, there has been no clear relationship between weather
conditions and zinc response in subterranean clover.
Responses to zinc sulphate are inversely related to the con-
centration of zinc as an impurity in superphosphate.

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

(iv) Cation-exchange Capacity (C.E.C.) of Plant
Roots.—In cooperation with the Institute of Agriculture
and University of Western Australia, an improved electro-
dialysis technique has been developed involving a mini-
mum of damage to the plant tissue. The C.E.C. valucs for
about 20 plant species were determined, and in general
these fell into three groups: grasses, herbs, and legumes.
With rock phosphate as a source of calcium and phos-
phorus for a number of plants, highly significant correla-
tions were found between root C.E.C. and percentage
calcium and phosphorus in the plant tops.

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

(¢) Soil Fertility. (i) Effect of Phosphate—Results
from this work have been anomalous. In field studies the
rate of soil nitrogen build-up was not clearly related to
phosphate status (and yield) of the pasture; soil nitrogen
accretion on very low phosphate treatment seemed unduly
high. 1In contrast under pot-culture conditions, the soil
type showed normal growth response and soil nitrogen
build-up with increasing phosphate. In a further field ex-
periment, large differences in clover production resulted
from the phosphate treatments, but there was no significant
net gain of soil nitrogen on any treatment.

(i) Short-term Build-up in Clover Pastures—In a
study of the changes in soil fertility during the first five
years of a subterrancan clover pasture, which had been



sown to wheat, both grain yield and total grain nitrogen
were positively correlated with age of pasture up to the
five-year maximum,

i) Effect of Seil Type—Two soil types which pre-
viously had proved difficult for clover establishment have
responded to lime and molybdenum. Annual increases of
soil nitrogen are being maintained on six soil types. Rate
of gain of soil nitrogen is positively correlated with the
initial level of soil nitrogen.

(iv) Restoration of Feriilitv.—In a continuous cropping
trial on virgin soil at Kojonup five vears of cereal resulted
in an almost complete depletion of available soil nitrogen.
First-year clover pasture on this location showed seedling
mortality symptoms similar to those experienced on * new
land ™ in parts of the south-west. Symptoms were less
severe where fewer crops have been taken. This work
wiil be continued on “ cropped out ™ land.

(v) Pasture Management—No differences in soil nitro-
gen build-up were found between a grazed clover pasture,
and clover pastures which were mown and the herbage
either dehydrated and returned, or removed altogether; in
all cases build-up was substantial, 85 lb. nitrogen/acre/
year. The area was cropped to wheat to determine
whether available soil nitrogen had been influenced.
Differences between cereal yields were insignificant, and
mean total nitrogen uptake for the three treatments ranged
from 38 to 41 Ib, nitrogen/acre.

(vi) Urine-nitrogen Losses.—Appreciable losses of
nitrogen may have occurred from grazed pastures under
trial. In assessment of urine-nitrogen losses from soil dur-
ing summer months, as much as 48 per cent. of the
nitrogen was unaccounted for. Losses during the growing
season and the dry summer period are to be measured.

20. PASTURE INVESTIGATIONS, QUEENSLAND.
(Division of Plant Industry.)

(¢) Pasture Ecology. (i) Spear Grass Region—
Drought seriously hampered investigations at Rodd’s Bay,
Brian Pastures, and Samford. Grazing of experimental
sown pastures at Rodd’s Bay continued at three times the
normal stocking rate for native pastures up to the middle
of 1957, but was then discontinued. The reaction of
species to drought conditions was observed. All selected
species survived, and following light rain in November,
sown pastures made better growth responses than native
pastures.

(ii) Wallum Country.—Information on suitable species
and fertilizer treatments for pasture establishment on the
wallum has been collected. The maintenance, manage-
ment, and utilization of sown pastures under the grazing
animal is now being investigated.

Despite an unfavourable season, sown pasture mixtures
totalling 24 acres were successfully established for evalua-
tion under grazing by cattle and sheep. Thirty-five acres
of the total of 40 acres under experiments are now subject
lo regular grazing.

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

Among new pasture species established at Beerwah,
pangola grass (Digitaria decumbens) and the African
legume Lotononis bainesii have been outstanding.

(iii) Brigalow Region—Rainfall below average enabled
pasture species and mixtures to be evaluated under dry
conditions. Strains of buffel grass and Panicum coloratum,
and species of sorghum performed well, but strains of
Rhodes grass were less drought resistant. Many grasses
died out, especially strains of green panic and prairie grass.
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Lucerne continues to grow well but other Medicago
species failed in the dry winter. Strains of the perennial
legumes Phaseolus atropurpureus, P. bracteatus, and
Glycine javanica have shown drought and frost resistance.

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

(b)Y Ecology.~—Detailed field studies commenced of the
ecology of the subconstal foothills of southern Queensland
(spear grass region), This work is in areas immediately
adjacent to the coastal lowlands which have been studied
previously.

(¢) Legimne Bacteriology. (i) Accumulation and Test-
ing of Rhizohium Strains—Additions to the Rhizobium
collection were chiefly tropical rain-forest species. Tests
of nitrogen fixing ability were carried out with 97 strains
of bacteria on the six legumes Srylosanthes gracilis, S. sun-
daica, Leucaena glauca, Phaseolus lathyroides, Centrosema
ptthescens, and lucerne. Yields and nitrogen contents of
dry matter were measured and strains of Rhizobium were
compared on the basis of milligrams of nitrogen fixed per
plant. Large variations in nitrogen fixing ability were
found in strains derived from Phaseolus and lucerne; varia-
tions were greatest for strains derived from lucerne.

(ii) Caleium Nutrition of Rhizobium.—It has been
shown with a wide range of strains that the addition of
calcium to veast extract-mannitol agar is not necessary for
growth and that calcium can have an inhibitory effect on
slow-growing *‘ cowpea "-type Rhizobium. These types
make greatly improved growth when the agar is acidified.

Rhizobium from 48 strains, covering a wide cross
section of the Leguminosae, huve been grown for many
generations in a synthetic medium containing no calcium.
The growth of clovers in acid soils inhibitory to clover-
tvpe Rhizobium but where the acidity has been modified
by calcium compounds and other bases is being studied.
Magnesium was shown to be effective in promoting the
growth of Rhizebium in acid soils.

{d) Pasture Evaluation and Animal Nutrition—(1)
Subiropical Grasses—In studics carried out under pen
feeding conditions with sheep, Western Australian buffel
grass was more readily eaten than Paspalum plicatuliin in
winter, but not in summer. Some experimental animals
refused to eat natural pasture in winter and very low
intakes were general.

The decline in digestibility with increasing maturity was
always less than the fall in intake. Differences in
digestibility between sown pasture species at any particular
fecding period were small but the digestibility of natural
pastures was consisiently lower,

(ii) Feeding Stardards—The use of accepted feeding
standards to estimate requirements of starch equivalents
and total digestible nutrients for sheep has been unsatis-
factory. In most instances these standards over-estimated
requirements under subtropical conditions, The most
satisfactory criterion is dry matter intake, whilst digestibilty
is generally less satisfactory.

(iit) Supplementary Feeding—Qver a 60-day period
Phaseolus mungo grain and a mixture of urea, molasses,
and ground corn cobs were fed on an equivalent nitrogen
basis to different groups of wethers. The pulse supplement
was slightly superior to the urea molasses supplement, both
supplements reducing weight loss from 30 1b. per head to
approximately 10 Ib. per head, compared with unsupple-
mented control animals.

(iv) Measurement of Grazing Intake.—The relationship
between herbage yields, liveweight increments, wool yield,
and intake is being studied by grazing sheep on a pasture
of Paspalum scrobiculatum. Intake is being measured
indirectly by relating total faecal nitrogen to intake.
Comparisons are being made with penned sheep fed cut
grass from the same pasture,
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(e) Plant Breeding and Genetics.—(i) Indigofera ende-

caphylla.—Crosses have been obtained between a short-
lwed‘, h perennial, upland strain, non-stoloniferous and
requiring well-drained conditions, and a perennial, lowland
strawn, strongly stoloniferous and thriving under poorly
drained conditions. Experiments with mice, rabbits, and
sheep indicate that g-nitropropionic acid is not the cause
of toxicity in Indigofera endecaphpylla; identification of
the toxin is proceeding,

(i) Leucaena glauca.—Significant interstrain variation
occurs in growth habit and production; strains from Peru
and El Salvador are most vigorous and are being used as
parental varieties in a crossing programme. Selection is
being made for low content of the ruminant toxin
mimosine.

(iii) Phaseolus.—Progeny from P. lathyroides x P.
semi-erectus did not show resistance to root-knot nematode
and Phaseolus virus 2. Strains of Phaseolus atropurpureus
show persistence, ability to recover from grazing, and
nematode resistance. Interstrain crosses have been made
to combine desirable characteristics.

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

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

(vi) Apomixis.—Means are being sought for inducing
variation in apomitic species, such as Paspalum dilatatum
and P. scrobiculatum.

(f) Plant Chemistry.—(i) Indigofera endecaphylla.—
Aliphatic nitro compounds occurring in this species were
identified. B-Nitroproprionic acid labelled with 1C was
synthesized for use in metabolism studies.

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

To assist in the development of strains of Leucaena
glauca with low mimosine content, the colorimetric method
of analysis of mimosine has been adapted for testing single
plants.

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

(g) Plant Nutrition—(i) Nutrient Status of Soils.—
Experiments to determine the optimum levels of fertilizer
required to correct known deficiencies of potassium and
phosphorus were established. Nutrient deficiencies of
phosphorus, potassium, and molybdenum were found in
sandy oil derived from granite at D'Aguilar. Responses
to lime on this soil are believed to result from its effect on
molybdenum availability. Studies are being made of plant
responses to phosphorus and lime on heavy clay at Norwin,
previously observed in pot trials, and the nutrient status
of two soils at Samford. The nutrient status of brigalow
soils from north of the tropic has been tested, and
responses to sulphur and molybdenum have been obtained
in pot experiments. The subsoil availability of these
elements is being investigated.

Nutrition studies on pastures in the spear grass region
were hampered by drought conditions; water became the
limiting factor to growth. Nutrient requirements of
pastures under grazing in the wallum country are being
studied with particular attention to both legume and
fertilizer nitrogen.

(ii) Nutrition of Pasture Legumes—Glass-house
studies were made to determine the relative responses to
potassium of a number of summer growth pasture legumes.
Plant material was analysed to determine the critical
content of potassium associated with a deficiency for plant
growth.

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

(iv) Niwrogen Fixation by Pasture Legumes—The
rates of nitrogen fixation by selected tropical legumes are
being measured and compared with those of two temperate
species of proven efliciency—Hunter River lucerne and
Ladino white clover. Of the tropical species Lotononis
bainesii and Indigofera endecaphylla were outstanding.

Experiments tracing the changes in nitrogen fixation
occurring when plants of Phaseolus lathyroides are stunted
by drought indicate that the eflects of drought are exerted
primarily on the host plant rather than the nitrogen fixing
microorganisms.

(h) Plant Physiology.—To obtain an understanding of
the characteristic occurrence of putrescine in potassium
deficier:cy, radioactive tracer techniques are being used to
investigate pathways of putrescine metabolism. Radio-
active putrescine is formed in potassium deficient barley
during the metabolism of bpL-ornithine-214C; a few
milligrams of V'C-pulrescine have been synthesized and
preliminary feeding has been carried out. The amine is
readily utilized by normal plants.

The initial chromatographic evidence of the occurrerce
of ornithine in higher planis has been confirmed.

21. FoppEr CONSERVATION.
(Fodder Conservation Section.)

Drought and near-drought conditions in many regions
during the pust year have emphasized the importance of
fodder co servetion to the agricultural economy. Not
only is a more exiensive use of conservation on the farm
a muatter of urgency, but equally important is the need to
improve present techniques, in order to reduce the
enormous wastage of cffort and materials which so often
occurs. In recent years, the availability of improved and
cheaper machinery has greatly reduced the labour involved
in corserving fodder crops. Much, however, remains to
be learned of the basic principles of ensilage and hay-
making,

(a) Haymaking.—(i) Field Trials—Two urgent prob-
lems of haymaking are to minimize mechanical losses, and
to achieve rapid curing, thereby limiting chemical changes
which lead to reduced nutritional values. Further trials
have heen carricd out with ryegrass-clover pastures to
determine the best stage of drying in the swath before
breakirg into windrows. Early raking retards the initial
drying and increases the respiratory losses, while prolonged
drying in the swath increases fragility and leads to excessive
mechanical losses. It may be possible to define inter-
mediate stages for raking at which both types of loss
would be minimized. Conventional haymaking is too
expensive, especially when storage and subsequent hand-
feeding are costed. To reduce these changes the possibility
is being explored of leaving hay in the field either in bales,
small stacks, windrows, or even as standing pasture.

Most of these field experiments have been carried out
at the State Research Farm, Werribee, and the co-operation
of personnel there is greatly appreciated,



(ii) Chemical Investigations.—The development has
continued of improved analytical methods and their appli-
c_ation to examination of the chemical characteristics of
fodders conserved by various methods. Particular
attention has been given to soluble carbohydrates and
nitrogenous constituents. A new rapid procedure has
been devised for extraction of lipids from fodders.

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

(iii) Physical Investigations—Investigation has con-
tinued of the drying characteristics of pasture plants as
affected by air wvelocity, humidity, and temperature.
Experiments involving prior crushing of clover and lucerne
plants have indicated beneficial effects on rate and
uniformity of drying. Fragility of hay crops and the
related susceptibility of leaf loss during curing have been
found to be atfected by both growing conditions and
curing methods. Trials have been initiated with chemical
desiccants as aids to hay drying.

The respiratory drift during curing of pasture plants
and the losses of dry matter which occur have been studied
in some detail.

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

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

(iii) Biochemistry of Ensilage—Changes and losses of
nitrogenous material in silage are being investigated.
Following completion of a preliminary exploration of
nitrogen redistribution during wilting and ensilage of rye-
grass and clover, more detailed enzymological studies have
been urdertaken. Initial work is concerned with properties
of the proteolytic system of juice expressed from clover

plants.

IV. IRRIGATION.
1. GENERAL.

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

The Organization has two Irrigation Research Stations
for studying the ways in which irrigated land can be made
to keep its fertility, and the techniques which can be used
to reclaim waterlogged or salted soil. These are: the
Commonwealth Research Station (Murray Irrigation
Areas) at Merbein, Victoria, and the Irrigation Research
Station (Murrumbidgee Irrigation Areas) at Griffith, New
South Wales. The work of these two stations is reported

in this chapter.
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Research into soils and their behaviour under irrigation
has been carried out at both Merbein and Griffith in close
co-operation with the Division of Soils (see Chapter 1L).

Studies of irrigated pastures are carried out at Denili-
quin, New South Wales, by the Division of Plant Industry
(see Chapter 1LI., Section 17), and other investigations of
irrigation techniques for northern tropical areas are per-
formed by the Division of Land Research and Regional
Survey at the Kimberley Research Station near Wyndham,
Western Australia (see Chapter XI., Section 3). Work on
dried vine fruits in progress at the Commonwealth
Research Station, Merbein, Victoria, is reported in Chap-
ter XIIL, Section 13,

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

Mr. E. R. Hoare has taken up the position of Officer-in-
charge at Griffith (see Chapter 1., Section 4).

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

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

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

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

2. MERBEIN.

(a) Irrigation, Soil Preservation, and Reclamation.—
Observations have been continued of levels of ground-
water in piezometers and test wells in Renmark, Swan Hill,
and Wakool districts.

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

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

A neutron-scattering moisture meter is being calibrated
against gravimetric determinations to follow soil moisture
changes in an irrigated sultana vineyard,
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(b) Horticulture—Microscopical examination of sul-
tana buds in May, 1957, allowed a forecast of 35-36 cwt.
per acre of dried fruit. Based on this figure, Department
of Agriculture officers recommended that growers prune
their vines to the usual number of buds, Latest figures,
which are almost complete, for the crop harvested in
antumn 1958 show an average of 35 cwt. per acre was
realized, A potential crop of 38 cwt. per acre is forecast
for 1959, based on the very high potential fruitfulness of
70 per cent. of buds,

Refinements in the crop forecasting technique are under
examination. Commencing mid March, 1958, buds were
forced at 20° C, and, at the point of bud burst, the bunch
primordia weighed. Experience will be required over
several seasons 1o assess the value of this technique. Statis-
tical examination of records reveals that a very similar
forecast will result from examination of buds at positions
4.9, and 14, instead of all 14 buds.

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

Three aspects of the effect of sunshine on fruitfulness
are under investigation—Ilight intensity, light duration,
and location of light perception. Single buds in the field
covered with aluminium foil from 24th October to 27th
November were significantly reduced in fruitfulness, while
covering from 13th to 26th November had no effect.

Reduction in bunch number per vine obtained either by
reducing the number of canes or by disbunching gave
similar reductions in yield of fruit for the second succes-
sive year. Disbunching had no effect on subsequent
[ruitfulness.

* Cutting out " of sultana canes was done during matura-
tion of the grapes, as is usually done during pruning. This
drastic treatment had no ill effects on bud burst, yield, or
maturity of fruit in the season following.

Buds from canes, taken from unpruned vines in the
field after the date when dormancy was broken and cut
into single bud cuttings, were kept at 20°C. Buds
burst simultaneously at all bud positions from 3 to 14. On
cuttings taken and similarly treated some time afler prun-
ing to 14 buds, terminal buds burst first and basal buds
last, as is usual with bud burst in the field, showing that
the correlative inhibitions must be set up some time before
natural bud burst,

Attempted control of the weed * hardhead ” (Centaurea
picris) in the vineyard with C.M.U. resulted in severe
damage with premature leaf fall and prevention of
maturation of fruit and wood.

(¢) Plant Nutrienis—It is thought that spring sunshine
affects fruitfulness of sultanas by affecting carbon/nitrogen
ratio. High, medium, and low soil nitrogen in spring, first
applied in 1956, did not affect 1957 harvest. At 1958
harvest, low spring nitrogen gave a significant increase of
37 per cent, more bunches and 26 per cent. more fresh
fruit over high nitrogen, and yielded 41.5 cwt. per acre
of dried fruit compared with 35.0 cwt,

Sultana buds show a significant increase in moisture
content at the time when they are changing from organic
to induced dormancy. It is thought that winter uptake
of nitrogen occurs soon after this change. Temperature
and rainfali for a 19-day period in winter can be
related to sultana yields over the years 1947 to 1957
inclusive. These are factors which influence soil nitrate
level.

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

(d) Vegetables—Tomato varieties Merbein Early ana
Merbein Mid-Season, bred by the Station and the Division
of Plant Industry for resistance to root-knot nematodes and
fusarium wilt fungus, have been released to Departments
of Agriculture and selected seedsmen for further trial.
These two hybrids have high yielding cupacity and good
agronomic qualitics. A third variety, Merbein Canner,
an excellent canning type, will be tried on a commercial
scale by a cannery in the Murrumbidgee Irrigation Areas
in the coming season. Three new nematode resistant lines
were received from Hawaii Experiment Station and single
plant selections were made for resistance and agronomic
qualities.

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

The Division of Plant Industry is co-operating in
mutation genelics studies (see Chapter III., Section 3).
Pollen of four tomato varieties were irradiated with X-
rays and ultraviolet rays to produce 44,000 seeds which, in
nematode infested seed-beds, gave 18,000 plants. From
these, 200 which were free of attack were transplanted
into infected soil. At maturity, seed was obtained from
40 plants showing little or no attack for further genetic
studies.

(e) Nematology.—In the seventh year of a soil
management trial at Red Cliffs, a breakdown of resistance
in all plots of the tomato hybrid H.E.S.4242 was observed.
This result was not correlated with an unidentified root-
rot fungus, which disproved any possible interaction.

Grapevine rootstocks resistant to nematodes have been
imported and are being held in quarantine. When released,
these and seven phylloxera-resistant rootstocks already
held by this Station will be tested for nematode resistance
in this environment. Numbers of nematode larvae and
egps were not correlated in monthly counts made on
heavily infested soil fallowed in summer, which made it
impossible io forecast the root-knot potential of arable
land. Two new species of the genus Hemicyeclophora

were discovered in uncleared Mallee soil in the Hattah
area.

Soil fumigation trials with “ Nemagon" (1,2 dibromo-
3-chloropropane), “ Vapam" (sodium N-methyl dithio-
carbamate), and EDB (ethylene dibromide) gave better
yiclds of tomatoes with heavier dosages of fumigant.
Sultana cuttings were irradiated with %Co to induce muta-
tions, and will be tested for resistance in nematode infested
soil. Pathenogenicity to grapevines of lesser known nema-
todes such as pin nematodes, as well as citrus nematodes,
is being investigated.

Studies of the structure and chemical composition of
cuticle and egg sac of the genus Meloidogyne have been
completed. The egg sac coasists, in the early stages, of
a glycoprotein made up of at least fourteen amino acids
while the protein of the cuticle is made up of at least
fifteen amino acids. Both egg sac and cuticle can be
classed as secreted collagens.

The growth curve of the female M. javanica is sigmoidal
with a plateau corresponding with the moult period. Under
optimal conditions moulling was first observed on the
fourteenth day and egg sac formation on the twenty-
seventh day. Egg laying began two days later. The pre-
and post-moult stylet sizes and excretory pore positions
showed marked differences. The hypodermis thickened
just before onset of moulting,

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

Histological examination using various microscopical
techniques before, during, and after moulting has been
carried out by using living specimens, whole stained
specimens, and stained sections.
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(f) Dried Fruits.—Th= work of the Commonwealth
Rescarch Station, Merbein, on dried fruits is reported in
Chapter XIII., Section 13.

3. GRIFFITH.

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

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

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

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

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

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

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

(¢) Plant Physiology.—(i) Plant Water Relations.—
Studies have been continued to assess the effects of mois-
ture stress on the key compounds in the metabolism of
the plant which are associated with cell division and pro-
tein formation. Tn studies on the lupin at Oxford, cell
division appeared to be impaired and primordia formation
prevented even at incipient moisture stress when the plant
exhibited no external signs of moisture stress.

These studies were continued at the California Institute
of Technology where whole young tomato plants were sub-
jected to a single period of moisture stress. The cf‘f:ects
of this whole-plant treatment were considered on laminae
alone. Net synthesis of ribonucleic acid (RNA) was
blocked in the moisture stressed plants. 2P-labelled phos-
phorus was rapidly incorporated into leaves of moisture
stressed plants, which indicated that the block to net
accumulation of RNA was not a block in ability to syn-
thesize RNA. On the contrary, two kinds of evidence
suggest that there was accelerated destruction of RNA.

The first piece of evidence is that when a pulse of P
is supplied to plants at the beginning of a moisture stress
cycle, the *P is rapidly incorporated into RNA. In the
control (non-stressed plants), the labelled RNA remsins
in the leaf although it is diluted by further unlabelied
RNA. 1In moisture stressed plants, on the contracy,
lobelled RNA is degraded, at least in the first few days
after treatment, although net RNA remains constant in
amount. -

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

(ii) Salt Intake—Salinity effects on plant growth are
under investigation, barley being used as the test crop.
When salts were removed, after a brief salinity treatmsnt
of the substrate, plants treated with calcium chloride
recovered less than plants treated with sodium chioride.
Chloride retranslocation of these two different salt treat-
ments was essentially similar. Five days after salt removal
the roots were largely depleted of chloride previouslv
absorbed, while no appreciable amounts of chloride were
retranslocated from the older leaves.

(ili) Plant Nutrition—Control measures for lime-
induced iron chlorosis, a widespread trace element dis-
order of peaches and apricots in the Mirrool irrigation
area, have been tested, some in cooperation with the New
South Wales Department of Agriculture. The most
promising treatment for severe chlorosis was a trunk in-
jection technique using ferric citrate, but it is not a satis-
factory treatment for young trees or where large areas of
trees are involved. A new iron chelate as a foliage sprav
is the most promising treatment for mild and transient
chlorosis.

The physiological nature of iron chlorosis will need to
be hetter understood before effective treatments can be
designed, Macronutrient data indicate a boosting of
potassium Ievels in leaves of chlorotic trees.

Analyses of leaf samples from commercial peach and
apricot plantings were made over the last two seasons to
obtain nutritional data as a basis for long-term studies
on drainage, salting, and mineral nutrient effects, The
elements potassium, phosphorus, calcinm, magnesium,
sodium, and chlorine have been determined. Potassum
levels were usually considerably reduced with incressine
water damage, and this effect was more marked when
inferactions between the crop and leaf potassium levels
were taken into account. Other nutrient levels were often
similarly affected with the exception of phosphorus which
was commonly at an abnormally high level in damszoe
trees, Little or no salting was observed in these samples.
However. serious salting was observed on a number of
peach plantings with leaf chloride content from affested
trees of 1-3 per cent. compared with a normal 0.1 per
cent. The balancing cation within the leaf has in general
not been sodium.

Analyses indicate that the poorer performance of apri-
cots on plum than on apricot stock is due to low:red
ability to accumulate a sufficient level of potassium in
the leaves, despite better ability to withstand waterlogging.

Softwood cuttings from Golden Queen and from sucker
growth of peach seedling rootstock were successfully
struck in a small intermittent mist propagation frame by
using an East Malling type electronic * leaf ” device.

(d) Entomology —Red scale (Aonidiella aurantii) is
by far the most important pest of citrus in Australia and
field control is far from satisfactory. High natural mor-
tality has been observed during heat waves, so heat treat-
ments ranging from 50-70°C. were given for varying
times, freshly picked Washington Navel fruits parasitized
with red scale being used.
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All time/mortality curves were sigmoidal and similar
lo cioa_aagc/moriality curves normally obtained in ento-
mological control studies. Reliable 100 per cent. “ kills »
were obtained for treatment periods ranging from 1 hour
at 70° C. to 2% hours at 50° C. Raising humidity from
11 to 40 per cent. did not alter mortality rates, which
suggest a temperature rather than a dehydration effect.

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

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

V. ANIMAL HEALTH AND PRODUCTION.

1. GENERAL.

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

The Division of Animal Health and Production is
responsible within the framework of the Organization’s
programme of research for the animal industries, and
undertakes investigations on animal health and repro-
duction, and animal husbandry.

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

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 VIL,
Section 15, and Chapter VIIL, Section 9.

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

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

Following the deliberations of the Cattle Tick Research
Review Committee, work commenced on the protozoul
blood parasites which cause * tick fever ” in cattle; the loss
of resistance to tick fever which may result from tick
control measures is a serious hindrance to their wide and
thorough application in northern Australia,

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

then to select from them within the European breeds or
to impart them by crossing with such breeds as the Zebu
or Afrikander. This takes time, but good progress is
being made.

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

Sheep husbandry and wool production are two of the
Division’s major research undertakings. The objectives
are: to uaderstand the genetic basis of high wool pro-
duction, so that the most desirable and highly productive
arimals can be selected, and their qualities transmitted to
their progeny; to understand the nutritional and other
physiological mechanisms which enable the inherited
capacity for high wool production to be manifested; to
reduce the heavy losses which result from poor fertility
and neo-natal mortality in lambs; and to discover the best
and most economic means of offsetting the effects of
drought by appropriate maintenance rations and husbandry.
Basic physiological research on sheep is required, ranging
from the factors controlling food intake and utilization,
to the development of wool follicles in the foetal lamb,
and to the physiological and environmental factors which
deternmine wool production after birth and in adult life.

At the instigation of the Division, and through the
medium of the Animal Production Committee and its
animal industry sub-committees, the present status of
animal husbandry and production investigations by Com-
monwealth and State organizations is under review to
reveal the nature of the major problems on which attention
can most usefully be focused, so that resources can be
integrated to best advantage.

2. ANIMAL HEALTH RESEARCH LABORATORY, MELBOURNE.
(Division of Animal Health and Production.)

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

Other items of research include studies associated with
trace element diseases of livestock in Western Australia
(see Chapter V., Section 11, Chapter VII,, Section 17, and
Chapter VIIL, Section 2); plant poison studies (see Chapter
V., Section 11); avian leucosis (see Chapter V., Section 11);
toxicity of large rations of wheat (see Chapter VII., Section
12); infertility and physiology of reproduction in sheep
(see Chapter VIL, Section 13); brucellosis of sheep (see
Chapter VIIL., Section 17); and clover oestrogen studies
(see Chapter VII,, Section 21).



3. McMASTER ANIMAL HEALTH LABORATORY, SYDNEY.
(Division of Animal Health and Production.)

The installation of a refrigerated laboratory in the base-
ment of the lan McMaster Wing makes a very valuable
addition to the facilities.

Sustained dry weather over eastern Australia hampered
the field work on such conditions as footrot and mycotic
dermatitis of sheep and delaycd the establishment of
improved pastures at the Parasitology Block of the F. D,
McMaster Field Station.

The major investigations undertaken at the laboratory
are a study of heritability of fleece and mutton characteris-
tics (see Chapter VIIL., Section 14); studies on external
parasites of sheep (see Chapter VII., Section 19); studies
on anthelmintics and the relatio;ship between the sheep
and its internal parasites (see Chapter VII., Section 18);
drought feeding and the utilization of low-quality
roughage (see Chapter VII., Section 11); pregnancy
toxaemia, fooirot, and mycotic dermatitis of sheep (see
Chapter VII, Section 17); and fattening of beef cattle
(see Chapter VIIIL., Section 7).

4. VETERINARY PARASITOLOGY LABORATORY,
YEERONGPILLY, QUEENSLAND.

(Division of Animal Health and Production.)

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

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

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

Investigations in progress include studies on: parasitic
gastro-cnteritis of cattle (sece Chapter VIII., Section 3); and
ticks infesting cattle and cattle-tick fevers (see Chapter
VIII., Section 4).

5. F.D. McMaster FIELD STATION, BADGERY'S CREEK,
NEwW SouTH WALES,

(Division of Animal Health and Production.)

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

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

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

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

Major investigations on the Field Station are: studies on
inbred flocks of Australian Merinos (see Chapter VIL,
Section 14); inheritance of component fleece characters
(see Chapter VII.,, Section 14); biological studies of skin
and wool growth (see Chapter VII., Section 16); develop-
ment of the Zebu cross dairy herd (see Chapter VIIL,
Section 6); studics on hair growth of cattle (see Chapter
VIIL., Section 6); and studies on the sweating of cattle (sce
Chapter VIIL, Section 6).
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6. SHEEP BloLOGY LABORATORY, PrOSPICT, NEW
SoutH WaLESs.
(Division of Animal Health and Production.)

The research team for this Laboratory is gadually being
built up, and new research projects are beng developed,
notably in the field of climate physiclogy (see Chapter
VIL, Section 22). Other investigations reported in Chap-
ter VII. are: Section 10, the metabolism ard mutrition of
sheep; Section 13, physiology of reproduciion; Section 16,
biological studies on wool growth and the skin; and Chap-
ter VIIL., Section 7, skin and hair growth in catile.

Most of the Laboratory’s work is comcirmed, directly
and indirectly, with wool growth, and requires large num-
bers of sheep, both in pens and in the field the carrying
capacity of the Prospect pastures has been emhanced by
the construction of a * turkey-nest” dama whuich is filled
from two small streams flowing through the property.

As in previous years the Fleece Analysis Laboratory
provided a service for measurements on fleece and cattle
hair samples for some of the research projcits described
in Chapter VIL, Sections 14 and 16, and Chapter VIIL,
Section 7. Altogether 35,780 measurements of various
kinds were made on wool samples, includinz the scouring
and extraction of greasy wool samples, amd physical
measurements of staple and fibre properties. Am additional
1,248 physical measurements were performed om cattle har
samples.

7. REGIONAL PASTORAL LABORATORY, ARMDALE, NEW
Soutn WaLEs.

{Division of Animal Health and Production.)

The present research team consists of cfficers of the
Divisions of Animal Health and Production, Plant Indus-
iry, and Mathematical Statistics. Accommodation is also
provided for officers of the Wildlife Survev Secition. Close
liaison is maintained with the Faculty of Rusal Science,
University of New England, and several «co-operative
investigations have been commenced. Stock and facilities
have been provided for field work for officers from the
McMaster Animal Health Laboratory, the Sheep Biology
Laboratory, the Wool Textile Research Labozatories, the
Animal Breeding Section, and the Divisiom of Plant
Industry.

Investigations in progress by officers of the Division of
Animal Health and Production include: effect «of nutrition
on reproduction in sheep (see Chapter VI, Section 13);
thyroxine and wool growth under field comditions (see
Chapter VIIL, Section 16); posthitis in wethers (ses Chapter
VIIL., Section 17); internal parasites (see Chapter VII.,
Section 18); drought feeding of cattle (see Chapter VIII,,
Section 7); and coat clipping studies in cattl: ses Chapter
VIIIL., Section 7).

The Division of Plant Industry programmme includes:
slant introduction, pasture ecology and auizcwology, plant
nutrition, legume nodulation, pasture maragement, and
atilization studies. Particular attention is being paid to
the role of sulphur in plant nutrition,

At “ Chiswick ” an area of 1,305 acres has been cul-
tivated and sown. In addition approximaely 980 acres
of native pasture have been surface sceded with grasses
and clovers. Sheep shorn in 1957 were 4,559 for 241
thales of wool. an average of 9.8 Ib. per head including
crutchings.

8. NationaL FiELD STATION, “ GILRUTE PrLAINs ”,
CUNNAMULLA, QUEENSLAND.

(Division of Animal Health and Production.)

During the calendar year 1957, only 7.76 imches of rain
were tecorded and for the twenty months to the end of
March, 1958, the total rainfall was only 1300 inches; the
year therefore has been one of drought conditions. There
has not been a good growth of summer-growinmg perennial
grasses for two consecutive summers; a mumber of these
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planis have died, and, of those still living, much of the
dried leaf and stem growth of previous wet years has been
ealen or has disintegrated.

Lamb marking percentages and wool cuts have been
low. Two-tooth medium Peppin ewes cul 8.8 Ib. of greasy
wool for twelve months' growth, As a drought mitigation
measure, approximately 1,500 lambs were weaned pre-
maturely and fed lucerne hay in yards for four months,
This enabled the natural pastures to be used to better
advantage for the ewes as, after weaning, they required
only a maintenance level of feed intake.

Sheep breeding experiments AB1, AB4, and ABS have
been continued (see Chapter VII,, Section 14), and work
hus commenced on the study of relative feed/wool con-
version efficiencies of sheep under field conditions.

9. NATIONAL CATTLE BREEDING STATION, “ BELMONT ",
RockuaMrPTON, 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
for work on beef cattle production, The main programme
of the stution. which is 7,000 acres in area, and has a
carrying capacity of 1,400 head, is directed towards
studies in adaptation of British breeds and their crosses
with exotic breeds to a tropical environment.

The winter and spring weather of 1957 was distinctly
drv and cold, and some anxiety was felt for the breeding
herd. However, following an early weaning, the pastures
maintained these stock better than expected and they came
to calving (October-November) in quite fair condition.
During the first four months of 1958 some 15 inches of
rain fell. This produced a heavy growth of pasture and
two floods in the Fitzroy River in February and March.
Fortunately flood damage to pasture was not severe, ancl
following useful rains in May and June the property and
stoel entered the winter of 1958 in excellent order,

Developmental work was continued and a further 120
acres of softwood scrub land was cleared, burned, and
sown down, Other improvement work included the
clearing of 1 mile of dense scrub for the erection of the
power line. the completion of a 300-ft. air strip, and the
erection of two small buildings and a calf mothering yard.

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

10. PouLtrY ReSEArRcH CENTRE, WERRIBEE, VICTORIA.
(Division of Animal Health and Production.)

Long-runge studies on population genetics cenfinue to
form the main projects. They are supported by physio-
logical and biochemical studies to investigate further the
mechanism of heterosis (see Section 11 of this chapter).

For the 1957 breeding season a total of 1,102 dams
were used and artificially inseminated with diluted semen
of 120 sires. Husbandry techniques remained unchanged
from those used in previous years, Birds on the property
on 1Ist April, 1958, totalled 4.961 of which 4,129 were
females of laying stage. including 2,186 White Leghorn,
615 Australorp, and 1,270 crossbreds of various types.

11, TNVESTIGATIONS OTHER THAN WITH SHEEP AND
CATTLE.

(Division of Animal Health and Production.)

(a) Avion Leucoses—Experiments have continued at
the Animal Health Laboratory, Melbourne, and the
Poultry Research Centre, Werribee, to determine the
rffect, on the incidence of this disease in adult life, of
isolation during the brooding period. The overall
incidence during the current experiment may prove too
low for reliable conclusions to be drawn.

(b) Studies in Population Genetics—This work con-
tinued at the Poultry Research Centre. The following
findings result from an analysis of egg production to 72
weeks of age of the 1956 hatched L-generation of pullets:

(i) The production-bred flock of White Leghorn,
selected on an index combining individual and family per-
formance, averaged 201.4 eggs on a hen-housed basis, 41
eggs more than the unselected control flock. Despite con-
tinvous breeding from pullets adult mortality was at the
low level of 10.6 per cent.

(ii) The three inbred strains with an average coefficient
of inbreeding above 70 per cent,, which had been sub-
jected to a limited amount of artificial selection, produced
about the same number of cggs on a survivor basis as
the unselected but non-inbred control flock, though two
of the strains show much higher adult mortality.

(iii) The three-way incrosses produced by mating inbred
sires of one strain to two-way incrossed dams showed
disnppointing results and remained below the Ievel of the
non-inbred flock described under (i). Considering the size
of feasible breeding operations in Australia this method of
producing “hybrid chickens” does mot seem to be
promising.

(iv) The ninth and final generation of the flock selected
according to the Hagedoorn nucleus system of continuous
half-sib matings confirmed the adverse conclusions pre-
viously reported, and produced only slightly above the
unselected but non-inbred control flock.

(V) The single crosses between White Leghorn and Aus-
tralorp from reciprocal recurrent selection were again
superior in egg production on the survivors' basis to the
best purebred production-bred flock, but lost most of
this superiority on the hen-housed basis on account of
nearly twice as high mortality. A special study of nine
generations of single crossing confirmed previous pre-
liminary reports of the high amount of heterosis shown
by this cross for egg production of survivors, hatchability,
and chick mortality, but could not confirm the widely held
view that the LxA is superior to the AxL cross.

The tenth generation of criss-crosses established a new
flock record at this Centre with 229.7 eggs on a hen-
housed basis at 72 weeks of age.

The study of heritability of chick viability was com-
pleted and the following estimates obtained: 3.5 -+ 1.5
per cent, for White Leghorn and 3.9 = 2.3 per cent. for
Australorps for the period 0-3 weeks, and 4.3 = 1.6 per
cent. and 3.0 -+ 2.2 per cent. respectively for the first
6 weeks of life.

The following studies were continued to accumulate
sufficient data for a final analysis;—

() The heritability of second-year egg production
and its genetic corrclation with first-year ego
production;

interaction hetween genotype and two
different environments (cages and deep litter).

Studies were made on optimal flock structure of a
roultrv flock resulting in the construction of appropriate
equations for the solving of this problem, and on genetie
imnrovement as related to size of breeding Operatix;n. A
refined method is also under investigation for measuring
“pausing” which is n component character of egp
production.

(ii) the

(e) Avian Phvsiologv and Nutrition—An experiment
was completed at the Poultry Research Centre to show
the effect of egg production of possible interactions
hetween four breeds (White Leghorn, Australorp, and the
two reciproeal crosses) with three levels of protein (1S5.
11, and 9 per cent.) in the ration, The results are still
nnder statistical analysis but do not appear to indicate
sinnificant interactions. The decline in egg production at
the lowest level of protein intake was comparable in each
of the four breeds,
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A series of experiments was commenced in which the
amino acid requirements of these four breeds will be
studied by feeding rations deficient in certain amino acids
to growing chicks and observing growth rate and mor-
tality up to three weeks of age.

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

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

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

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

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

(g) Growth of the Marsupial Trichosurus vulpecula
(Sheep Biology Laboratory).—Observations on the growth
of the brush-tailed possum (7. vulpecula) and a compari-
son with man, cow, sheep, and mouse have been completed
at the Sheep Biology Laboratory.

(h) Physiology of Reproduction—To provide a sound
basis for studies on the fertility of domestic animals,
especially sheep and cattle, physiological work has been
undertaken on reproduction in rats and mice, Special
attention has been given to the phenomena of ovulation,
sperm transport and facilitation in the female genital tract,
the processes of fertilization, and factors influencing early
pre-natal mortality,

12. AniMaL GENETICS.
(Animal Genetics Section.)

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

Two M.Sc. students and one Ph.D. student have com-
pleted their training and one honours student has begun
this vear. A post-graduate student from America has
been accepted. Four students are studying for the Ph.D.
degree. The course of 10 lectures on animal breeding
given 1o velerinary students has been taken over by a
former student of the Section now lecturing in the
University.

(a) Genes and Chromosomes and other Granules.—
Mutation rate in D. melanogaster has been shown to
decrease with rise in temperature when the effects of age

of male and time of storage of sperm are removed. The
relationship holds for temperatures between 15 and 30° 62
The suggestion that a longer developmental time increases
mutation rate appears to be untrue. The negative associa-
tion of mutation rate and temperature is contrary to most
assumptions and to the idea that mutation rate is propor-
tional to thermal activity.

Selection for a reduction in the number of abdominal
chaetae in D, melanogaster has resulted in the fixation of a
gene in at least two lines which removes the abdominal
bristles almost completely, The way in which the gene
made its appearance shows that it was present in the
original stocks from which the selection lines were started.
The shift in genotype due to selection appears to have
made a background against which a previously harmless
gere has become highly effective. In addition to its effect
on bristles the gene causes sterility.

Interaction of genes affecting bristles has been shown
for the scute gene in D. melanogaster which removes some
bristles and for the hairy wing gene which adds extra ones,
The genes are very closely linked, and crossing over is
unrecorded; however, a supposed crossover was isolated.
It was HwSe, and when selected for expression responded
by producing a high proportion of HwSc phenotypes. As
no crossovers separating the two genes have occurred on
outcrossing the interpretation is still in doubt. The original
fliecs may not have been genetically HwSc.

The double embedding method of preparing sections for
eleciron microscopic study has been used to treat sections
after examination with ribonuclease and desoxy-
ribozuclease and proteases. This has enabled iron to be
established as a nucleic acid stain and phosphotungstic
acid as a protein stain. The nucleus is filled with filaments
composed of a desoxyribonucleic acid core and a protein
sheath. The protein sheath strips off when antibody or
virus is being formed. When antibody is being formed the
nucleus loses iis uniform appearaace, and aggregates of
dense material accumulate at the periphery. The mem-
brane of the endoplasmic reticulum in the cytoplasm
becomes dilated with secretion which is expelled, possibly
through pores in the cell membrane, with which the
membranes of the reticulum are continuous, The denuded
nuclear filaments appear to elaborate ribonucleoprotein
granules which pass out of the nucleus and become
arranged along the membranes of the endoplasmic
reticulum.

Cells infected with and synthesizing influenza virus
undergo similar changes. Dense clumps rich in ribonucleic
acid (RNA) which are a tangle of fllaments pass into the
cytoplasm moving towards the cell membrane, where they
protrude into membraneous evaginations which constrict
cff liberating virus particles into the intercellular spaces.
The particles have an RNA protein core which is made
of a tangled filament of about 50 A in thickness. The
length can be calculated as approximately 1.5p.

(b) Myxomatosis—The size of the population of
rabbits being selected for resistance to myxomatosis has
increased rapidly. The use of Uriara virus as a challenge
has made selection for resistance much casier. The most
forward gererations now have a recovery rate of 20 per
cent. when challenged with KM,5, and 67 per cent. when
challenged with Uriara. This results from the equivalent
of two to two and a half generations of selection on both
sides of the pedigree. There is a marked seasonal variation.
Despite heating in the rabbit house, survival drops to 6
and 25 per cent. respectively in the winter. A small
colony of wild rabbits, offspring of known survivors in
the field, has been started.

(¢) Serology.—Correlation of response by rabbits to
antigens of different kinds shows that the degree to which
a rabbit responds to one antigen is, in general, not a good
guide to the way in which it will respond to others. There
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Is some general correlation which suggests that some
rabbits are overall better at antibody production than
others. The closest correlations found were between
responses to influenza virus mel and lee antigens. This
correlation was more than 0,90, There was a high
LQ.SO-U.(\U) correlation between response to tobacco mosaic
virus and mel or lee. It follows that in the absence of
fu_rlh?r evidence there is no certainty that a new virus,
effective on rabbits never exposed to myxomatosis. would
be able to cope with a population selected to live with
myxomatosis. Attempts at selection of new viruses for
field use will be approached with this in mind.

Anaphylaxis—The heritability of anaphylactic sensi-
tivity to bovine plasma albumin is high (0.92).

(d) Mice.—The work on the induction of phenocopies
by X-radiation has reached the conclusion of the initial
phase, and shows that the determination of simple develop-
mental structures such as the facial vibrissac does not
differ in the time range of its sensitivity to radiation from
that of more complex structures. Further work is being
commenced to examine the relationship of sensitivity to
the detailed sequence of initiation of vibrissae, and is
aimed at determining whether phenocopies are the result
of death at critical cells, or of transformations of develop-
mental potential.

Work on selection for an invariant character has been
continued and extended, and demonstrates that the
invariance can be destroyed by selection in the presence
of mutart genes. Various experiments are determining
the genetic variability of individual whiskers.

A survey has been completed of the incompatibilities
to skin grafts between sib lines of inbred strains. Two
sib lines have been found to show such incompatibility,
which indicates that the number of genes controlling skin
graft incompatibility, although large, is only a fraction of
the total genotype. This survey is being repeated and the
two incompatible sib lines are being investigated in more
detail,

(¢) SILLIAC—The SILLIAC, an automatic electronic
digital computer, has been used in the simulation of
genetic systems. The first analyses set the machine to
simulate the processes of segregation, recombination,
reproduction, and selection in populations mating at
random within the selected parents. The genetic system
was of six loci. It was shown that in such a system,
recombination had no qualitatively detectable effects at
values greater than 0.05, but that qualitative breaks in
the rate of advance under selection occur where recom-
bination is of the order of 0.025-0.005, Such breaks occur
only in small populations.

The second analyses in progress have as their basis a
more complex genetic system in which the basic genetic
system of five loci is the focus of the effects of a dominance
genotype of five loci, and of two other interaction geno-
types, each of five loci. The result is a model approxi-
mating to the complexity of actual genctic systems. Runs
with this model have shown that selection agai- st extremes
results in a decrease of any dominance, and an increase of
interaction, i.c. the deviations due to dominance decrease,
while those due to interaction increase. The information
which can be extracted by this method will be considerably
extended by the addition of a magnetic backing store (o
the SILLIAC. There will then be no theoretical limits to
the size of the population that can be simulated, or the
size of the genelic system.

(f) Sweat Glands in Cattle—The work of the Animal
Genetics Section on the adaptation of cattle to hot climates
is reported in Chapter VIIL., Section 9.

(g) Genetics of Sheep—The work of the Animal
Genetics Section on the genetics of sheep is reported in
Chapter VIL, Section 15.

VI, NUTRITION,
1. GENERAL,.

The Organization, early in its development, realized
that nutritional deficiencies impair very seriously the
efficiency of the Australian grazing industry, and so
t'punded the Division of Animal Nuirition (now the Divi-
sion of Biochemistry and General Nutrition) to study the
nutrition of ruminant animals and to determine and
correct the limitations imposed on the nutrition of grazing
flocks and herds by climate and terrain. The Division
has .devcloped into an institute for the study of the
nutrition of the wool sheep, but many of the results ot

its studies are similarly applicable to the meat-producing
industry.

Many applications arising from these studies have
already found their way into practice to increase
materially the overall efliciency of sheep husbandry,
Some of these discoveries, for example, those which led
to a realization of the nutritional importance to plant or
animal of traces of heavy metals, cobalt, copper, zinc,
&c., have been responsible for revolutionary changes in
Australian agricultural practices.

; Thle current investigations of the Division are described
in this Chapter, in Chapter IlI.; Section 8, and in Chapter
VII., Sections 2-9.

Tf"l@ Organization’s other investigations bearing on sheep
nutrition are reported on in Chapters 1L, V., and VIIL.

Division of Biochemistry and General Nutrition—The
rescarch programme of the Division has continued in
the pattern established in previous years.

Work has continued at the Division’s field stations. Al
Glenthorne experiments are being conducied on sull
tolerance and supplementary feeding; at Robe cobalt and
copper deficiencies are being investigated; and at Brecon
and several other locations in South Australia, trials are
being made on the cobalt pellets developed to protect
sheep from cobalt deficiency and phalaris staggers,

2. NuTrITION AND WoOL PRODUCTION.
(Division of Biochemistry and General Nutrition.)

A series of experiments has been begun to provide
information on the efficiency of utilization of fodder pro-
tein by high producing Merino sheep. These aim to
explain the supplementary relationship between the fodder
proteins derived from the higher plants and the proteins
derived from microorganisms within the paunch,

3. MEeTABOLIC PROCESSES OF SHEEP,
(Division of Biochemistry and General Nutrition.)

Investigations are continuing to extend knowledge of the
way in which matter and energy are dealt with in the
metabolic processes of ruminants. These studies are im-
portant to the understanding of the nutrition of sheep and
cattle because little is known of the channels throush
which these animals metabolize the simple fatty acids,
These acids—which arise from the fermentation of carbo-
hydrates in the rumen—are of primary importance to
ruminants in providing the greater proportion of the fuel
from which the animals derive the energy necessary to
sustain their physiological processes,

Special studies are being made of those channels of
intermediary metabolism in which the cobalt-containine
accessory food factor, vitamin By, plays an essential role.
A soundly based understanding of these processes is essen-
tial for the recognition and correction of metabolic dis-
orders, Individual researches that concern these problems
are referred to in more detail in Chapter VIiI.
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4. ENERGY METABOLISM OF THE SHEEP.
(Division of Biochemistry and General Nutrition.)

Studies have continued to provide further knowledge
of the thermodynamics of the living processes of the
shlecp: The mass spectrograph procured for the deter-
mination of ™N/'N ratios necessary for an understand-
ing of certain aspects of protein metabolism was rebuilt
and now is capable of the sensitivity and reliability required
for these studies. Attention is being given to the calori-
meters and their subsidiary instruments to determine
whether a gas-density balance or a thermistor device can
be used for estimation of the amount of oxygen consump-
tion, in place of the present tedious and exacting direct
gas analysis.

The application of the findings of current experiments
on energy metabolism to problems of sheep nutrition are
referred to in Chapter VII,

5. MicroBIOLOGICAL PROCESSES OF RUMINANTS,
(Division of Biochemistry and General Nutrition.)
Ruminants depend primarily upon the complex popu-
lation of micro-organisms in the rumen contents. These
organisms ferment the complex carbohydrates in the
fodder to the simple fatty acids utilized by the animal to
fulfil its energy requirements. They also synthesize, from
simpler substances, accessory food factors essential for the
animal's well-being. Under certain circumstances, they
produce important amounts of protein,

The Division’s researches on the rumen microflora are
referred to in Chapter VIIL

6. SALT TOLERANCE OF SHEEP AND POTABILITY OF
Stock WATERS,

(Division of Biochemistry and General Nutrition.)

The first series of experiments to provide basic know-
ledge of the tolerance of sheep to bore-waters of various
degrees of salinity has been completed. A combined
account of the findings from the second series is given
briefly in Chapter VII.

7. CARBOHYDRATES AND STEREOCHEMISTRY.
(Division of Biochemistry and General Nutrition.)

The studies have continued of the stereochemistry of
carbohydrates to illuminate certain functional aspects of
carbohydrates in living processes.

As the result of the programmes of studies of the ion-
ophoretic behaviour of carbohydrates and related com-
pounds, data are now available for 96 compounds in
four electrolytes. All classes of carbohydrates and glycols
likely to be encountered in practice are represented in this
series, and this work defines the practical utility and limi-
tations of the method, By choosing the appropriate elec-
trolyte it should now be possible to separate the
components of any mixture of common carbohydrates
likely to be encountered, without recourse to paper
chromatography. The time required for separations is less
and the likelihood of positive identification of the com-
ponents is greatly increased. Methods for locating the
carbohydrates after separation on the paper are now avail-
abl>, and some of the reagents developed are specific for
ceriain classes of carbohydrates. The investigation is the
firsi detoiled study of the detection of carbohydrates in the
presence of inorganic electrolytes.

Some correlations between structure and mobility are
possible which should permit deductions to be made about
the ctructure of an unknown carbohydrate from its
mohility in paper ionophoresis. Attention is now being
concentrated on this aspect of the problem.

An ancillary study of paper chromatography has yielded
further data which indicated that R values of reducing
sugars and inositals may be correlated with configuration

if conformational factors are taken into account. The
influei.ce of the size and magnitude of molecular rotation
on conliguration are also being studied, and also the iono-
phoretic behaviour of phenols and hydroxy acids.

8, Mmnor ELEMENT DEFICIENCIES IN ANIMALS.
(Division of Biochemistry and General Nutrition.)

Researches have continued on the nutritional significance
of mirute traces of heavy metals. Studies of problems
associated with deficiencies of these elements concern
specifically the welfare of grazing animals, and are reported
elsewhere in this review (see Chapter VIL). Those which
concern pasture development are mentioned in Chapter
I11., Section 8.

Besides these applied studies aimed directly at solving
problems of the pastoral industry, attention is being given
1o physiological and biochemical studies of a more funda-
mental nature.

Nutritional investigations into the functions of copper
in metabolism have been completed. In some of these
studies rats have been employed as experimental animals.
The fizdings have extended knowledge of the influence
that various ions—molybdate, sulphate, &c.—exert on the
absorption, retention, and utilization of copper. This work
adds considerably to the understanding of the mechanisms
that underlie the condition of imposed copper deficiency
of flocks and herds grazing on fodder containing enough
copper, normally, to meet the animals’ requirements.

A siudy of the influence of copper on the physiological
process of keratinization undertaken to provide knowledgs
fundamental to the understanding of the physiological
processes of wool production is nearing completion.

Experimental studies are being undertaken of the
influence of vitamin B,, deficiency on the intermediary
metabolism of acetic and propionic acids in search of the
metabolic lesion imposed in ruminants by cobalt deficiency.

The influence of zirc deficiency on the rate of protein
turnover in the rat is being investigated in the course of
studies of the metabolic effects which supervene on zinc
deficiency in animals.

9, VITAMIN B,s AND COBALT METABOLISM.
(Division of Biochemistry and General Nutrition.)

Research has continued to provide knowledge necessary
for the detection and correction of cobalt deficiency in
grazing ruminants,

Detailed investigations are in progress of the nature of
the metabolic lesions induced by cobalt deficiency, which,
in turn, involve study of the physiological processes
supported by vitamin B,, and by folic acid.

Current experiments have taken two main courses, viz.,
physiological studies in which intact animals (sheep mostly)
are employed, and biochemical studies in which tissue
preparations are studied in vitro. Both approaches have
yielded important information. The former has proved
that the cobalt deficient animal loses its ability to utilize
fattv acids at a normal rate, and the latter has indicated
that homozenates prepared from the livers of deficient
sheep are unable to metabolize propionic acid, Thesc
studies have indicated the lirk in the chain of metabolic
processes that fails in vitamin B,, deficiency and the
association of this link with the function of folic acid.

Applications to several problems of cobalt deficiency in
grazing ruminants are referred to in Chapter VIIL.

10. PLANT NUTRITION.
(Division of Biochemistry and General Nutrition.)

The physiological study of the function of zinc in plants
and of the anatomical lesions that supervene when pasture
species become zinc deficient has been continued. A brief
précis of the findings is reported in Chapter III., Section 8,
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11. ProvisioN oF COBALT To RUMINANTS BY HEAVY
PELLETS.

(Division of Biochemistry and General WNutrition.)
This work is described in Chapter VIIL., Section 7.

12. NITROGEN SUPPLEMENTS FOR SHEEP.
(Division of Biochemistry and General Nutrition.)
This work is described in Chapter VII., Section 8.

VII. SHEEP.
1. (GENERAL.

Australia produces one-quarter of the world production
of wool of all types, and more than half the world pro-
duction of fine wool. The sheep population of Australia
is aprroximately 150 million. The sheep therefore holds
a unigue position in the Australian economy. Wool is our
major export, and primary products from the sheep
industry such as wool, lamb, mutton, and hides comprise
up to 45 per cent. of all Australian rural production.
The sheep, 100, allows of the use of vast areas of marginal
land which it has not so far been practicable to use for
other purposes.

Thus Australia has a vital interest in ensuring that wool
can withstand competition from artificial fibres. The
remarkable success of the latter has been due to the clear
understanding, arising from research, of the physical and
chemical properties of the new fibres. Morcover, 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 Organization’s integrated
programme of research in aid of the wool industry to
investigate every phase of sheep and wool production; soil,
pastures and nutrition, genetics, animal husbandry, wool
processi.g, texiile manufacture, and the exploitation of
by-products. The Organization has been given responsi-
bility by the Commonwealth Government for carrying out
this extensive programme, and special funds have been
set aside for this purpose.

Soil fertility is obviously of prime importance, and out-
standing results have been achieved in improving soil
infertility arising from minor element deficiencies. On the
plant side, too, special emphasis has been placed on pasture
improvement and weed control. The work of the Organiza-
tion on soils, pastures, and related matters affecting the
pastoral industry is carried out by the Division of Soils,
the Division of Plant Industry, and the Division ot
Entomology (see Chapters 1I., 1II., and IX.).

Work on the sheep itself has beer undertaken within the
Division of Animal Health and Production (see Sections
10-19 and 21-22 of this Chapter) and the Division of
Biochemistry and General Nutrition (see Sections 2-9 of
this Chapter). The Division of Mathematical Statistics
is closely associated with the breeding investigations. The
Animal Genetics Section’s work on sheep breeding is
described in Section 15 of this Chapter, and that of the
Division of Entomology on the sheep blowfly in Section 20
of this Chapter.

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

2. NutriTioN AND WooL PRrRODUCTION.
(Division of Biochemistry and General Nutrition.)

The study of keratinization initiated by the discovery
of the important role played by copper in wool production
has been continued, Various degrees of copper deficiency,
absolute and imposed, have been produced in a series of
Merino sheep; a serics of histological and histochemical
studies have been made on their wool follicles, and now
a comprehensive chemical study is being made on the wool
grown at various stages of deficiency.

Study has been made of processes of pigmentation, ana
of the effects of copper shortage on them, to gain know:
ledge of the chemical reactions that occur during the
production of wool within the follicles.

Studies of the interrelationships between energy meta-
bolism and protein turnover, delayed by faults in the mass
spectograph, are again proceeding,

The aim of the work is to discover the nutritional and
physiological factors responsible for the relatively low
efficiency of the conversion of fodder protein to wool
fleece, and to improve this efficiency. These experiments
are closely associated with studies of the energy metabolism
(see Section 4 of this Chapter).

3. MICROBIOLOGICAL PROCESSES OF RUMINATION AND
Funcrions oF FORESTOMACHS.

(Division of Biochemistry and General Nutrition.)

(a) Passage of Digesta through the Sheep's Fore-
stomachs—By application of the lignin-ratio technique,
the extent of digestion of cellulose, pentosans, and total
solids in the rumen, omasum, and abomasum was deter-
mined in sheep fed on several well-defined diets. Only
well-digested material was found to reach the omasum and
abomasum, even during the period immediately following
the ingestion of fresh fodder. This sclective conveyance
of substances from the rumen made it clear that digestion
of nutrients may be measured only in material which has
actually left the rumen. The data showed that the extent
of digestion of cellulose in the rumen varied from about
30 per cent. in one diet comprised mostly of highly
lignified material, to more than 50 per cent. for lucerne
hay. Digestion of the pentosans and of the total solids
in both diets ran a closely parallel course.

Work has continued on the passage of nitrogenous
compounds through the forestomachs, The proportion of
the ingested nitrogen that reached the abomasum and
duodenum was nearly 100 per cent. when the sheep was
fed on wheaten hay (nitrogen, 1.1 per cent.) but only 48
per cent, when the sheep was fed on lucerne hay (nitrogen,
2.9 per cent.). Study of the nitrogen/lignin ratios in the
compartments of the forestomachs throughout the day
sugeested that the balance was absorbed from the rumen.

(h) Distribution of Nitrogen in the Rumen Contents.—
The fact that diaminopimelic acid is present in the rumen
flora and is absent from the higher plants and from the
rumen fauna was used as a basis for assessing the amounts
of bacterial nitrogen present in mixtures of plant and
microbial nitrogen in the rumen contents.

Estimates of the proportion of bacterial nitrogen in the
total nitrogen indicated that, throughout the day, the pro-
portions varied between 63 and 82 per cent. bacterial
nitrogen, 11-27 per cent. plant nitrogen, and 5-10 per cent,
soluble nitrogen. The extent of conversion of plant
nitrogen in the fodder to microbial nitrogen is not
necessarily indicated in these distribution patterns, since
the material leaving the rumen differs in composition from
that remaining. The figures for conversion to bacterial
nitrogen indicated above appear to be minimal. Experi-
mental determinations of similar distributions of the
nitrogen in the contents of the omasum that are now
being carried out should allow this important estimate to
be made, together with a reasonable estimate of protein
quality for ruminants.

4, ENERGY METABOLISM OF SHEEP.
(Division of Biochemistry and General Nutrition.)

Determinations were made of the heat production and
overall energy metabolism of vitamin B,.-deficient animals
to study the nature of the metabolic breakdown that occurs
in cobalt deficiency.

Microcalorimeters have been constructed and investiga-
tions have commenced of the energetics of fermentation of
cellulose, &c., by rumen organisms.
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Instruments are being designed which may simplify the
estimations of the oxygen consumed by the sheep, and the
possibility is being examined of employing a gas density
balance and subsidiary gear for metering the gas deficit.

The remodelled calorimeters will be employed for a
comprehensive study of nutrition and wool production (see
Section 2 of this Chapter).

5. CARBOUYDRATE METABOLISM OF THE SHEEP.
(Division of Biochemistry and General Nutrition.)

Studies have continued of the utilization of carbo-
hydrates and of the volatile fatty acids by adult sheep and
by voung lambs, to investigate the metabolic differences
between mature and young ruminants,

Very young lambs deal with acetic acid with extra-
ordinary ease. After injection, acetate is disposed of by the
young lamb at least twice as fast as by the adult sheep. This
phenomenon is being studied further as it appears of basic
importance to the understanding of the subsidiary paths of
metabolism developed by adult ruminants.

In investigations into the utilization of carbohydrate,
histological examinations are being made of the pancreas
of young lambs and adult sheep, The insulin-producing
cells of the islet tissue can be clearly demonstrated by
methods employed for examination of the pancreatic tissues
of non-ruminant animals. As the animals mature the g
cells can be stained only with difficulty—modification of
fixation and staining techniques is necessary.

The production of haemoglobinuria by certain pro-
prietary preparations of phenobarbital utilized as an
anaesthetic was observed and the reason fraced to the effect
of propylene glycol incorporated in the anaesthetic solution.

6, MiNor ELEMENTS IN THE NUTRITION OF SHEEP.
(Division of Biochemistry and General Nutrition.)

With the growth of knowledge of the maladies that
supervene on shortages of minor elements it has become
clear that the extent of areas that are affected in this
way is very much greater than was considered probable
when, in the earlier stages of the investigations, the studies
were confined to terrain known to be seriously deficient.
Disabilities imposed by deficiency of cobalt extend from
the fatal, casily recognizable wasting malady suffered by
ruminants confined to particularly affected areas, to milder
deficiency stages, in which the condition is one of poor
health rather than of outright disease. Seasonal disabilities
imposed on grazing flocks and herds by these latter con-
ditions which occur over very wide arcas and seriously
limit production take a greater toll from the grazing
industry than resulted from the clearly deficient states
before these were recognized and corrected. Easy and
precise means of recognition of these incipient deficiency
states are thus of more than theoretical interest.

Studies of the requirements and storage of vitamin B,,
by Merino sheep have indicated that the extent of storage
within the liver may be taken as a reliable criterion ol
the overall vitamin B,. status of grazing ruminants, and
that the amount of the vitamin circulating in the blood
stream probably reflects the cobalt status of the pastures
at the time when the sample is taken, Thus a means is
now available of assessing by surveys the seasonal dis-
abilities imposed by shortages of cobalt in the fodder
available from various types of grazing lands in Australia.

Preparations are being made for a comprehensive
survey of this nature, to assess seasonal variations of the
cobalt and copper status of flocks grazed under a wide
variety of conditions throughout two or possibly three
years. Very large numbers of microbiological assays
will be involved. The equipment necessary to handle up
to 1,000 vitamin By, assays each week, utilizing the “Z"
strain of Euglena gracilis, has been assembled and the
details of the methods are being worked ont. An officer

will be sent abroad to acquire knowledge of manipula-
tions employed to ensure reliable results when large num-
bers of microbiological assays are carried out as a routine.

The proposed surveys which will show unequivocally
whether supplementary supplies of minor elemenits are
needed will be awaited with interest now that simple and
direct means are becoming available to deal with these
deficiencies.

(a) Cobalt Deficiency in Ruminants.—Investigation of
the metabolic disturbances that supervene when ruminants
sulfer a shortage of cobalt has been intensified, Cobalt
deficiency influences primarily the composiiion of the
mixed population of symbiotic micro-organisms which
inhabit the paunch by limiting the development of those
which produce vitamin By, Associated with the vitamin
Bys deficiency which ensues is a shortage of folic acid,
which becomes especially apparent in long-sianding cases
of cobalt deficiency. This secondary deficiency that
appears when the sheep's fodder is seriously short of cobalt
has been rendered apparent by the study of the folic acid
concentration in the liver. When the concentration of
vitamin By, in the liver becomes reduced to relatively
low levels (c. 0.2pg./g.) there is an associated sharp fall in
the concentrution of folic acid (and of the associated
form, folinic acid).

A sludy of the capacity of the cobalt deficient sheep
to deal with the simple volatile fatty acids, which com-
prise its main source of fuel, has revealed two types of
metabolic disturbances, one in which the rates at which
proprionate, acetate, and glucose are metabolized are all
markedly depressed, and one in which only the rate of
metabolism of propionate is retarded. The former condi-
tion reverts to the Iatter after parenteral injection of
generous amounts of folic acid.

Experiments in vifro with homogenates prepared from
the livers of normal and of deficient sheep have confirmed
the irability of the vitamin B,.-deficient tissucs to meta-
bolize propionic acid and have indicated the point at which
the metabolie breakdown occurs,

Further studies of the nature of the volatile and non-
volatile acids that accumulate in the blood steam of
cobalt-deficient animals have been made and have pointed
the way to the metabolic lesion that supervenes on the
deficiency. Appropriate techniques involving gas-liquid
partition chromatography and partition chromatography
on silica columns have been developed, and current micro-
chemical means of estimating g-hydroxybutyric acid have
been investigated and improved to render them suitable
for the requirements of these investigations.

(b) Copper Deficiency in Ruminants—XKnowledge of
the factors that influence the utilization of copper by
grazing ruminants indicates that a deficiency state within
the tissues can result from cither a shortage of copper
per se available in the fodder, or from complications in
the absorption and utilization of copper brought about
by excess of certain other clements present in the fodder
which otherwise contains sufficient copper to meet the
animal’s requirements-—hence the terms * absolute " and
" induced " deficiencies.

One of the factors of prime importance to the absorp-
tion of copper by ruminants is the amount of sulphate
in their fodder—for in the strongly reducing conditions
within the rumen sulphate is converted to hydrogen sul-
phide which reacts with ionized copper fo form the very
refractory copper sulphide which is neither decomposed,
nor absorbed at lower levels of the intestinal tract,

Complication of copper metabolism within the tissues of
ruminants (sheep) and of omnivorous animals (rats) by
other ions—molybdate, &c.—has been the subject of
further studics which have indicated the physiological
mechanisms that become impaired.

Studies of the effects that a deficiency of copper imposes
on wool production are reported in Chapter V1., Section 2.
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7. Provision OF CoBALT TO RUMINANTS BY HEAVY
PELLETS.

(Division of Biochemistry and General Nutrition.)

Research has continued with heavy objects, contrived to
stay within the forestomachs and provide the modicum of
cobalt necessary to ensure that all the microflora’s require-
ments for this element are met.

‘Two factors are of the prime importance if the pellets
are to stay in the reticulum and the rumen, viz. the density
of the pellet and to a lesser extent its size. Steel pellets
(sp.gr. 7.7) have not been lost by regurgitation under any
of the conditions studied, whereas a very considerable pro-
portion of pellets of sp.gr. 2.7 and 3.5 have been rejected
under identical grazing conditions. Pellels of sp.gr. 4.0
are lost in some circumstances, but to a much smaller
extent than those that are less dense.

‘fhe deposition of a concretionary layer of calcium
phosphate on the pellets is a factor which is particularly
troublesome under certain conditions—especially so when
pellets are adminstered to young lambs that are still
suckling, In these latter circumstances deposits may begin
within a week or so after the pellets have been administered.

The effective life of the peliets produced commercially
by slight modifications of the specifications laid dowa by
this laboratory is seriously limited in certain circumstances
by these deposits, which, incidentally, tend similarly to b2
laid down on pellets of entirely different composition.
Besides this, certain pellets, particularly those to which
alkaline silicates have been added during manufacture and
which have been baked at high temperatures, tend to ceasc
to give up cobalt after remaining for a period in the rumen.
Dircct observations of experimental sheep on cobalt
deficient terrain have shown that the capacity of such
pellets to provide the necessary amounts of cobalt to pre-
vent vitamin B,, deficiency ceases after about a year, and
that some pellets no longer protect sheep against phalaris
staggers after a period of 12-15 months.

The underlying reasons for these complications arc
being investigated, and it is already clear that now that
they are better understood these properties which mitigate
the effectiveness of the pellets may be overcome.

Smooth heavy objects that lodge in the rumen and
teticulum are well tolerated, and it is reasonable to believe
that it will be possible to contrive heavy objects which will
remain in the forestomachs and provide the requirements
of the rumen microflora throughout the natural life of
the animal. As the influence of variables met with under
field conditions takes time to assess, it may be a year or 50
before the ideal pellet is produced.

8. NITROGENOUS SUPPLEMENTS FOR SHEEP.
(Dwvision of Biochemistry and General Natrition.)

Experiments to determine whether the useful protein
of silage might be increased cconomically by adding urea
or other simple sources of nitrogen during the ensiling
process have now been concluded.

About 75 per cent. of the urea is hydrolysed to ammonia
and only a very small proportion converted to protein.

Feeding tests indicated that no difference in the food
value resulted from urea treatment of the silage, the
criterion being body weight and wool production of
matched groups of sheep that were confined to the respec-
{ive silages for a period of G weeks. Another group,
which received the control silage plus the protein equiva-
lent of the nitrogen added originally as urea, produced 30
per cent. more wool. Thus no advantage is likely to be
gained by adding urea during the ensiling process.

9. SALT TOLERANCE AND POTABILITY OF Stock WATERS.
(Division of Biochemistry and General Nutrition.)

Sodium chloride in the drinking water for stock has
been partially replaced by sodium sulphate. No untowar.
effects have been observed in many of the experimental

sheep whose sole source of drinking water for the past year
has contained 0.1-0.5 per cent. sodium sulphate imposed
upon 0.9-1.2 per cent. sodium chloride.

The indications are that sheep may be confined to
waters containing up to 0.9 per cent. sodium chloride
plus 0.5 per cent, sodium sulphate without harmful
cffects, even when on dry feed.

10. METABOLISM AND NUTRITION OF SHEEP.
(Division of Animal Health and Production.)

(a) Pregnancy Toxaemia Investigations (Sheep Biology
Laboratory).—Further evidence has been obtained on tne
critical role of the adrenal cortex in pregnancy toxaemig;
the presence of elevated plasma hydrocortisone levels in
affected ewes has been confirmed; observed metabolic
abnormalities are completely consistent with the hypoihesis
that severe adrenal hyperactivity in hypoglycaemic, under-
nourished ewes precipitates the clinical syndrome.

In the light of recent work, the hypothesis that sudden,
complete fasting is alone sufficient to induce the disease
has been abandoned. The probable role of environmen:al
(e.g. climatic) stresses has been insufficiently appreciated;
undernourishment in ewes in late pregnancy is much more
common than generally realized; such undernourishment
predisposes the ewe to pregnancy toxacmia, which is
actually precipitated by an environmental stress; pre-
liminary experiments in climate-controlled rooms have
shown that adrenal hyperactivity in response to the
climatic stresses of wet, cold, windy conditions is vastly
greater than that which occurs in response to the hypo-
glycaemia of complete fasting. Undernutrition may pre-
cede environment stress or may occur as a result of it
(i.e. simultaneously).

The conditions under which glycerol is therapeutically
effective are now well-defined; it is effective only when
given in early pregnancy toxaemia induced in previously
well-nourished ewes; it is completely ineffective in ewes
severely undernourished for some time before the onset
of the clinical syndrome.

The effect of climatic stress of pregnant ewes is being
studied under controlled, laboratory conditions, together
with the effect of undernutrition on the metabolism of
hydrocortisone, and of the metabolic effectiveness of
adrenal-depressant drugs.

(b) Digestion in the Rumen—Work has been started
on several aspects of digestion in the rumen. The use of
“ rumen markers " to measure the rate of flow of liquids
and particles through the rumen has been examined; good
results have been obtained with polyethylene glycol
(originally described in Sweden) and with radioactive
barium sulphate containing cither 35S or 14°Ba; radioactive
chromium (°1Cr) as the complex with ethylenediaminete
acid is being tested. An artificial rumen is being con-
structed to facilitate studies under controlled conditions
in vitro; the rumen microorganisms will be maintained
in a flowing system with continuous dialysis and samples
will be automatically withdrawn for analysis. The nutrition
of rumen microorganisms, and the rate of passage of
ingesta along the digestive tracts are being studied. The
growth rate (and hence, protein synthesis) of organisms in
the rumen is especially important; an attempt is being
made to measure this synthesis by exploiting the incorpora-
tion of radioactive sulphur (*§) in microbial proteins
during growth.

(¢) Nitrogen Metabolism in the Sheep’s Rumen—
Experiments have been initiated to investigate the rumen
nitrogen metabolism in the special cases of sheep
maintained on low nitrogen intakes or receiving grain
supplements as in drought rations. Previous work has
shown the importance in the rumen of ammonia nitrogen
derived from fodder proteins, non-protein supplements
or salivary urea. Conclusive evidence has now been:
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obtained that urea diffuses freely into the rumen from
the blood stream and thereby contributes ammonia
ritrogen after microbial hydrolysis; the magnitude of this
diffusion is being measured. Simultaneous studies on
ammonia absorption, rate of flow of rumen ingesta, and
raie of fermentation of cercal meals will provide informa-
iion 10 aid the formulation of diets in supplementary and
drought feeding.

(d) Protein Metabolism in Sheep—The synthesis of
microbial proteins in the rumen tends to obscure the
nutritional requirements of the host ruminant for amino
acids. Experiments utilizing radioactive carbon as (1-1C)
acelate injected intravenously, indicate that the sheep needs
the same group of amino acids which bave elsewhere been
shown to be essentiul for mapn, rat, and bovines.

(e) Appetite—On diets of chaffed Wimmera ryegrass
straw, chatled wheaten straw, chafled wheaten hay, lucerne
chaff, or equa! parts chaff and cracked maize, the daily
addition of a quantity of the ration per fistulam resulted
in a corresponding reduction in the quantity of feed
voluntarily consumed, which suggests that factors other
than palatability are largely responsible for feed-intake
regulation, The rate of passage of straw through the
alimentary tract has been fourd to be slower than rates
reported for better-quality roughage. Although published
data indicate that rate of passage and feed consumption
may vary according to the state of subdivision of the feed,
it was found that the consumption of wheaten hay was
the same whether offered as ground material or as chaff.

11. DrouGHT FEEDING.
(Division of Animal Health and Production.)

Drought feeding experiments with sheep have been con-
tinued in collaboration with the New South Wales Depart-
ment of Agriculture at the Veterinary Research Station,
Glenfield.  Financial support was again provided by the
New South Wales Graziers' Association from the Burdekin
Bequest Fund,

(a) Utilization of Low-quality Roughage—In the fifth
experiment on this aspect of drought feeding, groups of
two-tooth Merino ewes and wethers were given free access
to a basal ration of chaffed wheaten straw containing 2-5
per cent. crude protein, plus nitrogen supplements at twice-
weekly intervals in the form of high protein meals. lucerne
chaff, or wheat or oats plus urea. Satisfactory perform-
ances were achieved after 22 weeks under yard conditions
with young Merirzo sheep when the roughage was supple-
mented with nitrogen in the form of palatable protein
concentrates, or as urea plus high-energy low-protein con-
centrates such as wheat or oats. The mode of action of
these supplements is being investigated in metabolism
cages.

The sixth experiment has been designed to assess the
effects of roughage quality on performance and to investi-
gate further the value of urea as a nitrogen supplement.

(b) The Influence of Plane of Nutrition on Breeding
Performance of Merino Ewes.—The performance of two-
tooth Merino ewes during pregnancy and lactation is being
studied at two levels of energy and two levels of protein
intake, namely, 4 and 6 1b. starch equivalent and 10 and
16 per cent, crude protein. The higher level of nitrogen
intake is being provided by the addition of urea to the
basal ration which contains 10 per cent. crude protein.

(¢) Early Weaning of Merino Lambs—Data have been
collected from four properties in the field on the survival
rates, body weight changes, general performance, and
plasma vitamin A levels of representative groups from
approximately 4,000 Merino lambs weaned at 9-17 weeks
of age. The results have demonstrated the success of
ecarly weaning in the field under severe drought conditions
and have confirmed earlier experimental results in small

yards.

12. ToxiciTy OF LARGE RaTiONS OF WHEAT.
(Division of Animal Health and Production.)

Attempts were made to reproduce the condition by
increasing the water activity of the ruminal contents, by
means of high concentrations of polyethylene glycol 4000,
to levels comparable with those found after wheat gorging,
and by combining this with high concentrations of lactic
acid. Plasma volume was lowered 20 per cent. by this
means, blood lactate rose to 85 mg/100 ml, and blood pH
fell to 7.12; but death did not ensue. However, since in
the wheat-gorging syndrome plasma volume commonly
decreases 40 per cent. these experiments do not necessarily
disprove the hypothesis that the condition is due to a
combination of osmotic dehydration and alimentary
lactacidosls. It was found that salivary secretion virtually
ceased 6 hours after wheat gorging. The study of the
role of the spleen as a reservoir of red cells in sheep,
which was stimulated by anomalous increase of haemo-
concentration during the course of the wheat feeding
syndrome in intact sheep, was concluded by experiments
with red cells labelled with radioactive chromium.

13. INFERTILITY AND PHYSIOLOGY OF REPRODUCTION.
(Division of Animal Health and Production.)

(a) Effect of Nutrition during Pre-mating and Mating.
—At the Regional Pastoral Laboratory, Armidale, a total
of 400 fire-wool Merino ewes were fed either a low or a
high level of legume chaff and oat grain for 8 weeks
before and 5 weeks during mating. Half the ewes in each
group were switched to the opposite treatment after 6
weeks, i.e. 2 weeks before mating commenced. Best con-
ception rates and lambing performances were in the
switched groups, i.e, high-low and low-high groups.

(b) Seasonal Variation in the Level of Fertility in
Merino Sheep.—The variable nature of reproductive
activity of ewes in the spring has been examined by the
Sheep Biology Laboratory for a further year, at Tooradin
in Gippsland, where ewes from three sources have been
gathered together. In Peppin ewes from Gilruth Plains
and the Riverina sexual activity was lowest in November,
while in non-Peppin ewes from Victoria it was lowest in
September. The Riverina Peppins were less active sexually
in 1957 than in 1956. Most ewes from each source mated
within a mo:th after they were joined with rams in early
December.

There appears to be a higher incidence of oestrus, in
November, in recently shorn than unshorn ewes, and it
scems that the Victorian ewes might be responsive to
stimulation by the rams for only a very short period in
November.

(¢) Influence of Light on the Breeding Season of Merino
Ewes.—Factors other than duration of light play a part
in the establishment and maintenance of seasonal varia-
tion in sexual activity in Merino ewes. Ewes born during
May-June, 1955, have been subjected to continuous light
from August, 1955; during 1957 they exhibited seasonal
variation in sexual activity closely similar to that of ewes
maintained in the normal light environment. Older ewes
subjected to a day length of 12 hr. in artificial light have
also exhibited seasonal variation in reproductive activity,
which, except for a shorter period of ovarian inactivity,
resembled that in ewes exposed to the normal seasonal
variation in a day length either as artificial light or as
natural daylight.

(d) Effect of Nutrition during Pregnancy.—Fine-wool
Merino ewes at the Regional Pastoral Laboratory, Armi-
dale, were wintered and lambed after either a high or a
low level of nutrition over the first four months of preg-
nancy, on sown or native pastures. Wide differences
were established in bodily condition before lambing, com-
bined with either high- or low-plane pen feeding on
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legume chafl and oat grain during the last month of preg-
nancy. After lambing they were further divided into high-
plane or low-plane feeding for six weeks, then run fo-
gether on pasture. The nutrition in the first four months
of pregnancy had as great an effect on lamb growth rate,
weaning weight, and ewe wool production as did that over
the first six weeks of lactation, and also had a substantial
effect on lamb birth weight and perinatal mortality. Dif-
ferential feeding in the last month of pregnancy consider-
ably affected birth weight and lamb losses, but had only a
minor influence on subsequent growth rate.

(e) Infertility on Red Clover Pastures—Following
reports of progressive reductions in lamb marking per-
centages and an increased incidence of dystocias and
deaths when cwes grazed red clover dominant pastures,
field observations were commenced in 1957. At the first
lambing there was no increase in lambing troubles in
fine-wool Merino ewes grazed on red clover during preg-
nancy as compared with similar ewes on pastures con-
taining no red clover.

(/) Lactation in Ewes.—Observations were commenced
by the Sheop Biology Laboratory on the pressure required
to withdraw milk froin the udder of the ewe in established
lactation (6-20 cm. Hg in the preliminary observations)
and the pressure applied by the newborn lamb in sucking
(15-20 cm. Hg).

(g) Physiology of the Neonatal Lamb—Following the
observation in the field, that newborn lambs often cool
very rapidly after birth, and may die as a consequence,
the ability of newborn lambs to maintain body tempera-
ture under various conditions bas been studied by indirect
calorimetry. Heat production and rectal temperature
were followed in a range of air temperatures, with and
without wind, and with the coat both wet and dry. The
newosoirn lambs from well-fed ewes were able to increase
their heat production to maintain rectal temperatures
¢ven with the coat wet in a wind of about 10 m.p.h. at
8 C. Lambs from poorly fed ewes produced relatively
less heat than those from well-fed ewes and their rectal
temperatures commenced to fall under the more extreme
conditions.

There was little difference between the behaviour of
Merino lambs with the usual short birth coat and the few
Corriedale, Border Leicester, and Romney Marsh lambs
examined. However, Merino lambs with a long coarse coat
were better able to conserve heat than the short-coated
Merinos.

(h) Factors Associated with Neonatal Mortality in
Lambs—In a previous report, observations were recorded
on the causes of death of newborn lambs in a flock of
mature Corriedale ewes; in this flock maternal factors were
relatively unimportant in contributing to deaths, no infec-
tious agents were implicated, and all lambs artificially fed
and kept warm from birth survived. Qbservations have
now been extended to a flock of maiden Merinos in which
maternal factors were likely to be important. Half of the
ewes were not given any assistance at birth and were left
in open yards with their lambs. Many lambs died (of 52
born six were stillborn and fifteen died within three days
of birth). Maternal factors, in particular abandonment
of the lamb at birth, were major factors contributing to
death; no infectious agents were implicated. Ewes in the
other half of the flock were assisted as required at
birth, and were removed with their lambs to a warm shed
soon after birth; lambs were artificially fed where
necessary. All lambs, except one which died at birth,
were alive and well three days after birth. These lambs
grew significantly faster between birth and marking than
the other lambs, although the ewes grazed the same pasture
from three days after birth.

(i) Effect of Husbandry Practices on Lamb Mortality
— Lambing “ Off Shears” and *“ In Wool ”.—This investi-
gation has continued at the Regional Pastoral Laboratory,

/irmidale.  For a lambing commencing in early September
loss of fine wool Merino lambs between birth and marking
was 15 per cent. of lambs born in the “ off shears ” treat-
ment and 17 per cent, in the “in wool ” treatment. Lamb
marking percentages were 71 and 72 respectively. Weather
conditions were mild over marking.

(j) Feed Intake of Suckling and Weaned Lambs on Dry
Swmmer Pastures—Some preliminary observations have
been made at the Sheep Biology Laboratory on the causes
of poor growth in lambs after weaning. Feed intake
(estimated by faecal dry matter output) of poorly grown,
16-week-old lambs, which had been weaned for two weeks,
was slightly higher than intake by lambs which were still
obtaining an estimated 6 oz. of milk daily from their
dams, Under the conditions of the observations, the
consumption of milk merely led to the suckling lambs
eating less pasture.

(k) Ewe-marking Crayon for Rams.—This work is
being undertaken to develop a simple, cheap, and prac-
tical method of determining which ewes mate. With the
co-operation of the Wool Textile Research Laboratory,
Geelong, a crayon has been developed which, under Vic-
torian conditions, marks well, does not wear unduly, does
not harden, nor glaze, nor pick up dirt, is simple and
cheap to manufacture, and is simple to fix to the ram.
Its reliability is being tested as a criterion of mating under
field conditions.

14. BREEDING AND GENETICAL STUDIES.
(Division of Animal Health and Production.)

(a) Inbred Flocks of Australian Merinos (McMaster
Feld Station).—Injection of highly inbred lambs with crude
pituitary extract has resulted in increased growth rate to
ten weeks of age by comparison with untreated inbred
lambs. Continued treatment after ten weeks of age had
no further effect. Wool production by treated lambs at
weaning was significantly greater than that of the untreated
lambs. Differences between the two groups in body weight
and body size were still present at one year of age, but
differences in fleece weight were very much reduced. Treat-
ment of non-inbred lambs has had no effect whether from
inbred but unrelated parents, or from simple outbreeding.
The inbreeding syndrome appears to cause at least a partial
reduction in the function of the pituitary gland.

Matings are in progress to explore the effects of inbreed-
ing on maternal ability. It would appear that maternal
ability of inbred ewes suckling single lambs is comparable
with that of non-inbred ewes suckling single lambs,

(b) Heredity » Environment Interactions (McMaster
Laboratory)—Preliminary comparisons of the mean greasy
fleece weight of progeny of the same ram grown in two
different environments (Cunnamulla and Armidale)
indicated that marked reversals in ranking may occur in
at least one of the two Merino strains used.

(¢) Selection of Individual Sheep.—(i) Comparison of
Methods of Sire Selection for Clean Wool Weight (Part of
Project AB1).—Two groups selected for clean wool weight
(S and MS), with a ceiling on wrinkle score and fibre
diameter, are being compared with a random control (C).
In one (MS) selection is on the ram’s own measurements,
in the other (S), his half-sibs are also considered. The
prediction that this addition will not greatly increase
annual genetic progress has so far been confirmed, Over
the last two years, the mean clean wool weight for two-
tooth ewes has been 11 per cent. above the control for the
S and 8 per cent. for the MS group.

(ii) The Effect of Selection for Clean Wool Weight on
Efficiency of Wool Production—Four sires from each of
the S, MS, and C groups were fed individually ad lib. for
a period of 140 days. Mean wool production was in the
ratio 126:118:100, under both grazing and ad 1ib. feeding,
while the wool production per unit of food intake in the
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pens was in the ratio 120:106:100. There is thus no
evidence that selection for wool weight has Ied to lowered
efficiency.

(iii) Comparison of Genetic Parameters for Rams and
Ewes.—Predictions of genetic progress based on genetic
parameters estimated on females could be inaccurate if
estimates on the male differed. Estimates of repeatability
made on 10 characters in sheep indicate no sex differences.
Estimates of heritability are now being made.

(iv) Age for Selection in Sheep.—Investigations confirm
the efficiency of selection at two-tooth age, and selection
even earlier may be possible.

(v) Selection for Twinning in the Merino—Ewes
selected as twin-bearers have now produced 5.2 lambs per
head in four subsequent lambings, compared with 4.1
from ewes selected as single-bearers. Progeny of the twin-
bearers have produced eight sets of twins and those of the
single-bearers none, up to 24 years of age.

(vi) Selection for Mution Characteristics in the Merino.
—A series of measurements to develop appropriate mutton
scores from live measurcments was made on 64 wethers
in five Merino strains, before and after slaughter. Analysis
is not yet complete. Matings for high and low mutton
scores will be made.

(ed) Relationships among Clean Wool Weight and its
Components; and Other Fleece Characters—(i) The
Influence of the Components on Clean Wool Weight.—
The influence of genetic and environmental factors on
clean wool weight is bei-g studied not only directly but
through its components. A theoretical study has shown
the extent to which the relative variances of the compo-
nents and the correlations between them influence the
relationship between wool weight and each component.
Estimates now available indicate that these variarces and
correlations may vary between Merino strains, and such
variation could account for the different conclusions which
have been drawn by different workers.

Data from S and C mating groups have been used to
analyse genetic (between groups) and phenotypic (within
groups) relationships.  Between groups, fibre number per
unit skin area is of greatest importance in contributing
to the 11 per cent. increase in wool weight, followed by
staple length; body size is smaller in the selected group,
while the other two * controlled ” components show no
chaige. Within groups, fibre number and staple length
make equal contributions to differences between light and
hieavy wool weights, body size this time being slightly
greater for the sheep with higher wool weights. Wrinkle
score and fibre diameter again make little contribution.

(ii) Selection for High and Low Values of Single
Characters—To analyse these relationships further, pairs
of families have been set up at Gilruth Plains in which
selection is for a high or low value of a single character.
Selection on clean wool weight itsell has produced the
greatest change in weight, though selection on clean wool
weight per unit skin area has been nearly as effective.
Selection for staple length, fibre number per unit skin
area, or body weight has led to changes in the same
direction in clean wool weight, but selection for fibre
diameter or wrinkle score has produced no change.

(g) Electrolyte Concentrations of Erythroeytes.—The
determination of K= and Na+ concentrations of the
erythrocytes of Merino sheep was made in progeny of
the sheep previously examined. There secem to be strain
differences in the incidence of high K7 animals. more
occurring in two medium Peppin groups than in a fine
non-Peppin group,

(h) Hornedness in Sheep (* Gilruth Plains ¥, Cunna-
mulla).—Further maticgs have been made in this experi-
ment; some of them have been planned to yicld information
on the phenotypic differences between PP and Pp Merino
males.

F.6733/58—4

Observations are being made on the wool production ot
Merino sheep with different known genotypes as far as
the wiple alleles for hornedness are concerned. These
ulleles, whose effects were outlined in the previous report,
have been named P, P, and p, in decreasing order of
dominance.

Mating programmes have been commenced which should
indicate whether the horns of Dorset Horn ewes result
from the gene P’, which initiates horn growth in Merino
ewes, and whether the gene P, which produces polledness
in the Merino, is also present in the Border Leicester breed.

15. GENETICS OF SHEEP,
(Animal Genetics Section.)

The work on sheep has concentrated on two main
problems: the role of follicle dersity in the determination
of wool production, and the analysis of fleece structure
in terms of discrete but interacting systems of determina-
tion. Two experiments involving selection on follicle
development are progressing. The first, at the Dickson
Experiment Station, has rcached the second generation
of selection on the number of secondary follicles per
primary follicle. Although considerable differences of
follicle density have been produced (approx. 20 per cent.),
no differences of [lecce weight could be detected. The
second selection experiment, which has been initiated at
Armidale, involves selection on the density of primary
follicles. No duta are available yet from this experiment,

The work on mosaics, although showing the general
validity of the concepts of “ competition ™ between follicles,
has also shown that the determination of fibre length and
diameter is extremely complex and that more detailed
studies are required, particularly of the form and function
of the follicle papillae. The work on the deterimination
of the N type of flecece has been completed culminating
in a series of papers. A notable achievement has been the
extension to sheep of Nay's quick method of cutting
seclions of catile skin. The result has been a dramatic
decrease in the limitations imposed by laboratory facilities,
The method has the advantages, not only of being faster
than the wvsval histological procedures, but also of not
needling highly trained technical staff.

16. BioLoGICAL STUDIES oF SKIN AND WooL GROWTH.
(Division of Animal Health and Production.)

(«) Endocrinology of Wool Growth (Sheep Biology
Laboratory, Prospect).—(i) Wool Growth and the
Anterior Pituitary Gland—Work is continuing on the
isolation and identification of the anterior pituitary
hormones responsible for the maintenance of wool growth
as described in the last Annual Report. The use of
cellulose acetate filter membrane and starch gels for
analytical zone electraphoresis of pituitary protein mixtures
has been developed., The distribution of hormones in the
various kinds of intracellular pituitary particles is being
irvesligated, and this information is being used in the
preparation of the different pituitary hormones.

(i) Wool Growth and the Adrenal Cortex.—The
importance of the adrenocortical secretion in determining
the wool growth rate of sheep is being studied in
adrenalectomized sheep maintained with different dosages
of adrenocortical steroids. Wool growth is inversely
related to the maintenance dose of adrerocortical steroids,

(iii) Woel Growth and the Thyroid Gland, Prospect.—
Eatlier work has shown that injections of sodium-L-
thyroxine into normal sheep stimulates wool growth by
increasing feed intake and by decreasing the storage of
body tissues. There is consequently no increase in the
efficiency of cozversion of feed protein into wool. How-
ever, a minimal degree of thyroid activity is necessary for
normal wool growth and for the action of pituitary
hormones. The influence of thyroxine on wool growth
in the hypothyroid range is being studied.
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(iv) Wool Growth and the Thyroid Gland (Regional
Pastoral Laboratory, Armidale).—A total of 370 fine-wool
Merino wethers in groups of 20-30 were treated with
thyroxine. and their wool production and liveweight
changes measured under a wide range of typical grazing
conditions. Single implants of 60 mg. thyroxine gave
about 8 per cent. increase, and repeated implants of 30 mg.
gave 10 per cent. increase in six months’ wool clip with
ro permancnt reduction in liveweight. Repeated treat-
ments with 60 mg. gave up to 15 per cent. more wool, but
liveweight was reduced by 10 Ib. Repeated treatments with
90 mg. gave 17 per cenl. more wool, and liveweight was
reduced by 12-15 Ib. Deaths occurred where the effect of
the thyroxine treatment was increased by inadequate
nutrition.

(b) Studies of Skin and Fleece Development (Sheep
Biology Laboratory, Prospect).—(i) Effects of Lamb
Nurrition.—A series of observations on the effect of nutri-
tion during pre- and early post-natal life on the develop-
ment of the follicle population and on the juve.ile and
adult wool production of Merino sheep has now been
completed, and the results are being analysed in prepara-
tion for publication.

(i) Lamb Birth and Adult Fleece Characters—QObser-
vations arc being continued to determine whether there
is a differential response to primary and secondary follicles
to changes in the plane of nutrition, and particularly to
what extent this response may be affected by the genetic
background which causes differences in primary and
secondary fibre size.

(iii) Mitotic Rates in the Wool Follicle Bulb—Tech-
niques are being developed for determination of mitotic
rates in the follicle bulb in order to study the association
between mitotic rate and fibre size, and the influence of
physiological (nutritional, endocrine, and genetic) factors
on mitotic rate,

(iv) The Post-naital Development of Wool Follicles.—
The quantitative study has continued of the post-natal
growth and development of wool follicles in Meriros and
Southdown-Merinos. The changes in ratio of secondary to
primary follicles and fibres, and the number of follicles
and fibres per sq. mm., have been examined in these sheep
up to the age of nine months; observations will be con-
ti. ued until the sheep are adults.

(v) Efject of Nutrition on the Skin and Wool Follicles.
—A study of the effect of nuirition on the skin and wool
follicles in Merino wethers at the Burdekin Drought-
feeding Unit, Glenfield, was commenced during December,
1957.

Five groups, each of five sheep, were selected from 18
different groups in an experiment on the utilization of low-
quality roughage (see this chapter, Section 11). The sheep
selected belorg to groups expected to give the poorest and
best results. To date, only one sheep has died. All sheep
are weighed weekly and skin samples are taken every fort-
night. At each sampling the thickness of the skin is
measured with callipers. The plane of nutrition has a
significant effect on the thickness of the skin.

(¢) Fleece Structure and Wool Production—(i) Inter-
relations of Fleece Components.—Extensive data derived
from a collection of skin samples taken from u:classed
groups of maiden stud ewes of most breeds of sheep present
in Australia, and from side progeny groups in one Merino
stud flock, have been analysed by using the electronic
digital computer (SILLIAC) at the University of Sydney,
In particular, correlation and heritability studies indicate
that number of follicle groups per unit area of skin may
be more closely related to wool production per unit area
of skin than is total follicle density, Further. genetic
variation of area of fibre per unit area of skin has not been
utilized by customary methods of selection in the develop-
ment of different fleece types.

’ (ii) Fleece Mosaics.—These unique fleece types con-
tinue to be used in comparative investigations of the inter-
relations of the metrical components of wool production
and their underlying biological determinants.

The embryological and genetic bases of fleece mosaicism
have been investigated by breeding mosaics “infer se™
and with normal fleece types, by examination of the
patierns of mosaicism, by measurement of the areas of
abnormal tissue (fleece), and by preliminary cytological
studies of skin and gonad tissue. Fleece mosaicism results
from an underlying genetic mosaicism of the skin which is
due to aberration of the mitotic division of an early
embryonic skin cell.

The patterns of distribution of the areas of abnormal
amorgst the normal skin tissue indicate that from a single
aberrant mitosis, viable abnormal skin cells move and
intermingle with normal cells, first in anteroposterior
Jdirections along the mid-dorsal line, and later, without
further intermingling, migrate more or less symmetrically
and dorsoventrally. Similar skin growth patterns may be
resporsible for the arrangement of the major skin folds
of Merino sheep.

(iii) Skin Grafting.—Preliminary studies have been
made of the disposition of foetal membranes in sheep
at the early stages of gestation as a preliminary to skin
homografting and other surgical manipulation of foetal
sKin tissues.

Investigations with mice have shown that the incom-
patibility of the homografts of male on female skin is not
a universal phe.omcnon but varies considerably between
strains within inbred lines as well as between inbred lines.
Extensive trials of methods of abrogating the skin homo-
graft reaction in adult mice—as a preliminary to sheep
work—by injection of skin exiracts by various routes and
by sequential prafting have failed to confirm overseas
claims,

(iv) Skin Stretching.—Altering the spatial relations of
wool follicles by surgical removal of skin from lambs in
early post-natal life has modified local fleece structure at
11 years of age. By comparison with control regions,
fibre diameter has increused, fibre length growth rate has
decreased to a variable extent, and follicle density has
increased, which indicates that no new secondary follicles
were initinted post-natally in response to the wider separa-
tion of existing mature and developing follicles.

(v) “Doggy" Wool—Since the classing of Merino
wool as cither “normal” or “doggy™ is a subjective
assessment, measurements were performed on wool and
skin samples from sheep of similar breeding to compare
these two types of wool. Differences were observed in
staple and fibre crimping, in that the doggy wool had fewer
crimps per inch than the normal wool. For medium-
wooled Merinos the mean fibre thickness of the doggy
wool was larger than that of the normal wool, whereas
for strong-wooled Merinos the mean fibre thicknesses were
similar. The staple lengths of the doggy and normal wools
were also similar, but there was some indication that the
average fibre length of the doggy wool was slightly shorter.,
Little or no difference could be found in the characters
examined from skin samples. Some fine-wooled Merino
ewes with doggy or normal wool, obtained from the
Regional Pastoral Laboratory at * Chiswick ', will be used
for further studies of fibre structure and of the effect of
level of nutrition.

Preliminary cytological examinations of skin tissues from
a Merino mosiac revealed an obvious difference in cell and
nucleus size between the cells of follicles and glands in
normal and abnormal regions, These observations are
being extended to all available mosaics and to fibre and
gonad cells.

(vi) Fleece Mutants—Four familics of fleece-type
mulants are being studied; in Merinos, low density, lack of
sweat glands, and felting lustre, and a carpet fleece-type in
both the Southdown and Corriedale breeds.



Further evidence on the inheritance of these unusual
fleece types is being gathered in the course of studies of
these new combinations of the biological determinants of
fleece structure.

(d) Relation of Wool Growth to Feed Intake—I(i)
Efficiency of Wool Growth.—For biological purposes the
efticiency of wool growth may be defined as the propor-
tion of the crude protein intake converted into wool. An
equation has been developed relating the efficiency of wool
growth to the rate of body weight change. At maintenance-
feed intakes when body weight change is zero, the efficiency
of wool growth has a value characteristic of the individual
and the time of year. At feed intakes below maintenance,
efficiency is increased by the contribution of nutrients from
the catabolism of body tissues. At intakes above main-
tenance, efficiency is decreased by the diversion of part of
the crude protein intake to an increase in body tissues.
Analysis of available data suggests that the average
efficiency of wool growth of a sheep on a feed intake which
is at first above maintenance and later below maintenance
is the same as the efficiency of the same sheep maintained
throughout on the same average intake kept constant, The
effect of the crude protein percentage in the diet on the
efficiency of wool growth is being examined.

Observations in the laboratory are continuing on these
groups of sheep ranked as having high, intermediate, and
low wool production per unit of body weight under field
conditions. The animals were first rationed according to
body weight and subsequently allowed ad lib. intakes of the
ration. A relatively large proportion of the variability in
production under field conditions is referable to variations
in feed intake.

(ii) Effect of Variations in the Plane of Nutrition on
Metric Characters of the Fleece—The response of the
metrical characters of the Merino fleece to changes in
feeding level has been studied in a group of eight sheep,
previously maintained on an ad lib. diet from birth to two
years. This group has been subjected to successive decre-
ments in ration, culminating in severe nutritional stress,
and maintained at the lowest level until equilibrium of
various characters had been achieved. This has been fol-
lowed by a renewed course of ad lib. feeding. Wide
individual differences have been apparent, and it is clear
that a small proportion of animals are much less respon-
sive to nutritional stress, in terms of body weight changes
as well as fleece changes.

Changes of fibre diameter amongst the more responsive
animals are of particular interest. At restricted feed levels
mean fibre diameter decreased rapidly and then, in some
cases, rose appreciably towards the value achieved on ad
lib, feeding. In these cases a proportion of the secondary
follicles has been quiescent, and a number of the primary
follicles are in intermittent production. These primary
follicles are responsible for the small number of very coarse
and medullated fibres which now appear in the diameter
distribution beyond the range found at high feed levels.

(e) Estimation of Total Fibre Number (McMaster
Field Station).—An adequate estimate of total fibre number
can be obtained by dividing clean fleece weight by mean
fibre weight. Mean fibre weight was constant over the
body of the sheep including the belly. A single mid-side
sample is sufficient to provide a satisfactory estimate of
fibre weight.

Mean fibre and staple length exhibited a small but dis-
tinct trend over the body. There is a decrease in an
anteroposterior direction, and also dorsally and ventrally
from the midside. There is no sharp distinction between
body and belly regions in fibre length, but staple length is
much shorter on the belly.

17. SHEEP DISEASES.
(Division of Animal Health and Produciion.)

(a) Jaundice in Sheep (Animal Health Laboratory,
Melbourne).—Research at this Laboratory has already

51

revealed two major causes of jaundice in sheep in Aus-
tralia. These are chronic copper poisoning and heliotrope
poisoning.

{i) Chronic Copper Poisoning.—In laboratory studies
rclu.yng to phytogenous chronic copper poisoning, due to
the ingestion of usual pasture plants but resulting in storage
of copper in the liver in dangerously high amounts, the
part played by other trace elements in the interrelationship
between molybdenum and copper has been investigated.
];w;lence has been obtained which indicates that the
limitation of copper storage imposed by molybdenum and
inorganic sulphur is subject to interference by manganese.
_Alslo,. in seeking for factors likely to account for Iarge
individual variations in copper storage among sheep sub-
Ject to the same experimental conditions, endocrine studies
have been commenced, No relationship could be demon-
strated between the degree of thyroid gland aciivity and
the amount of copper stored.

(ii) Heliotrope Alkaloids—The repeated ingestion ot
Heliotropium europacwm has already been shown to be
a primary cause of death in sheep following a liver damage
by the plant alkanoids. Non-haemolytic jaundice is a
common sign of this condition. The chemical pathology
of poisoning with these alkaloids is being studied, mosily
in experiments with rats (see Chapter V., Section 11).
Heliotrope can also be the cause of hepatogenous chronic
poisoning in sheep. This hepatogenous form is so named
because liver damage by the alkaloids is a pre-requisite
for liver storage of copper at the high levels that may lead
to haemolytic jaundice. It can occur with diets, whether
natural or artificial, which would not of themselves be
harmful. In the general study of the effects of these
pyrrolizidine alkaloids on rats, observations are also being
made on the storage of copper by the damaged liver.

(iii) Enzyme Pathology (McMaster Laboratory).—
Research into the toxicity of alkaloids from Heliotropium
spp. has revealed in vitro inhibition of enzyme systems
of the liver, Lasiocarpine is more inhibitory than helio-
trine and each is much more inhibitory than the respective
N-oxide, The precise locus and mode of inhibitory action
is being sought,

(b) Posthitis (Regional Pastoral Labatory, Armidale),
—Observations were continued on the incidence and
course of untreated posthitis in a flock of wethers two-
three years old. The incidence of external and internal
ulceration was related to seasonal changes in pasture
growth and composition, e.g. cases of internal ulceration
increased during the autumn flush and decreased during
winter and early spring when dry conditions prevailed.
Some progress has been made in the development of a
self-retaining sheath tube for the treatment of the condition.

(¢) Mycotic Dermatitis (McMaster Laboratory).—
Studies have been made on the life-cycle of the causal
organism Nocardia dermatonomus. The formation of a
branched mycelium occurs during invasion of the stratum
corneum of the skin and requires a relatively high tempera-
ture, low Eh and pO,, and abundant nutrients. Progress
was made in inducing artificial infections for screcning of
curative agents, but no agent yet tested has been found
satisfactory,

Continued dry weather hampered field experiments on
the spread of (he disease from ewe to lamb.

(d) Footroot—A simple medium consisting of ground
sheep horn in lemco agar has been evolved for the culture
of the causal organism Fusiformis nodosus, and has proved
of great value for accurate diagnosis. Good growth was
also obtained in acid hydrolysed horn plus * Difco »
trypsin. Paper chromatography has been used to deter-
mine the amino acids present in the medium,

The efficiency of several additional chemical agents was
tested on affected feet, but none has proved as efficient as
10 per cent. chloromycetin. The organism is less suscep-
tible to erythromycin than to chloromycetin.

Sustained dry weather hampered field experime

the epidemiology of the discase. e



(g) Foot Abscess—A selective medium has been
devised for the isolation of Fusiformis necrophorus from
highly contaminated material.

A field trial to observe the incidence of foot abscess in
normal and cracked hooves and to assess the effect of
paring was unsatisfactory owing to prolonged dry
conditions.

(f) Brucellosis of Sheep (Animal Health Laboratory,
Melbourne).—In small experiments to test the ability of
the udder of the ewe to harbour Brucella ovis, suspensions
of virulent organisms were introduced by different routes.
By direct introduction via the teat canal the organism
became established earlier than via the conjunctival sac or
the jugular vein. In all cases the infection, when once
cstablished, persisted for several months,

In view of the availability of preventive vaccines con-
taining living Br. abortus, strain 19, which is of reduced
virulence for cattle, some rams were inoculated by various
routes to detcrmine virulence and the likelihood of locating
in the genitalia. Only direct inoculation into the testis or
epididymus led to the establishment of infection of the
genitalia, In some instances the organism was then
excreted in large numbers in the semen for a period of
more then seven months.

(h) Pregnancy Toxaemia (McMaster Laboratory).—
A study of enzymes of the sheep has shown that, as distinct
from non-ruminants, its liver does not metabolize glucose
owing to the absence of glucokinase, Glucose is used upon
addition of hexokinase. This places particular emphasis
on fatty acid oxidation in liver metabolism.

In pregnancy toxaemia there is a failure of liver fatty
acid metabolism, amounting to liver failure. The syndrome
of pregnancy (oxaemia can be explained by this finding.
Investigation of the fatty acid oxidation block is progressing.

Hydroxycortisone has been found to inhibit oxidation
of various substances including fatty acids by complex
formation between the steroid and coenzymes, thus
removing coenzymes., Inhibition can be prevented by
addition of requisite enzymes.

(i) Urinary Calculi—A preliminary survey of the
incidence of urinary calculi in wethers in the west Darling
district has revealed an association with grazing on lush
herbaceous pastures.

18. INTERNAL PARASITES.
(Division of Animal Health and Production.)

(a) Studies in  Anthelmintics—(i) At McMaster
Laboratory —Sheep grazing dry pastures were dosed with
phenothiazine after 24 hours without water with no
untoward effects.

Phenothiazine with 90 per cent. of particles less than
10, was less effective against Ostertagia spp. than against
Trichostrongylus colubriformis in sheep.

Three organic phosphorus compounds have been tested.
0, O-dimethyl hydroxy-2,2,2-trichlorophosphonate (Bayer
“L13/59 ", * Neguvon ”, “ Dipterex ") at 2.5 g./100 1b.
body weight was usually highly effective against
Haemonchus contortus, but occasionally there was only a
temporary reduction in worm egg count. Doses of 5.0
g. into the abomasum were effective against T. colubri-
formis, but 10 g./100 Ib, body weight into the rumen was
ineffective, Efficiency against Oesophagostomum column-
bianum was variable even at dose rates which were fatal
to some sheep. 3-Chloro-4-methyl-7-oxycoumarine diethyl
thiophosphoric acid (Bayer “L21/199 %, “ Muscatox ™)
was highly effective against H. contortus, T. colubriformis,
T. axei, and Oe. columbianum, but is too toxic for general

use. (,0-dimethyl-0-2,4,5-trichlorophenyl phosphorothio-
ate (“Dow-ET”, “Trolene ) was the least effective of
the three.

0Oil of mustard showed moderate anthelmintic activity
but was toxic at 0.75 ml. The essential oils of spearmint,
carraway, sassafras, aniseed, and cassia were inefTective

against H. contortus when 30 ml. were given into the
rumen, Similar doses of carvone, safrole, anethole,
cincole, and piperitone were also ineffective.

Copper methyl arsenate (* Monekil S ) is very effective
against Moniezia spp., but in non-toxic doses was only
slightly effective aguinst H. contortus and Oe. colum-
bianum.

Di- (N - benzyl - N,N - dimethyl - N-2-phenoxymethyl-
ammonium)-3-hydroxy-2-naphthoate was wvery effective
against H. contortus and Oe. columbianum when injected
into the rumen, but not against T. colubriformis unless
given into the abomasum. Butyl-N-phenyl thiocarbamate
showed anthelmintic activity against T. colubriformis
(8 g./100 1b. body weight into the rumen).

3,3-Diethylthiadicarbocyanine iodide (* Dithiazanine )
showed fair efficiency against T. colubriformis (9 g./100
Ib. body weight into the rumen). Further trials with
papain, dosed into the abomasum, were unsuccessful
against 7. colubriformis. Doses of 0.1 g. promethazine
hydrochloride or 0.15 g. dicthylamine-N-phenothiazine
hydrochloride into the rumen were not effective against
T. colubriformis.

In tests of anthelmintic activity against the oxyurid
worms of mice, Bayer “L13/59" was highly effective at
0.5 g./kg. body weight. Pyridine was cffective at 0.25
g./kg. body weight but was fatally toxic in two of six
mice. The essential oils of spearmint, aniseed, sassafras,
cassia, juniper, and mustard were ineffective, as were also
the active principles, safole, menthol, sabinol, and carvone.
Oil of Cananga showed slight activity. 2,6-Lutidine and
2-amino-3-chloropyridine were ineffective at 0.5 g./kg.
and toxic at 1.0 g./kg. body weight. 2-Pyridyl phenylamine
and 2,2-dipyridylamine were inactive at 2 g./kg. body
weight, 10-Allyl phenothiazine showed moderate activity
at 2 g./kg. body weight. Carbon bisulphide was not
effective, but toxic, at 2 g./kg. body weight. Phenothiazine
at 2 g./kg. body weight of very fine particle size (50 per
cent. less than 2 microns) gave the lowest efficiency yet
experienced with this compound.

The indices of chemical compounds of interest in hel-
minthology were completed.

(ii) At Regional Pastoral Laboratory, Armidale—
Phenothiazine-salt lick.—Breeding ewes grazed at four and
eight per acre on sown pasiures were provided with a
1:12 mixture of phenothiazine and salt; control groups
of ewes had access to salt.

Since November, 1956, when the experiment com-
menced, climatic conditions have not favoured parasitic
infestation, worm egg counts have been low, and no dif-
ferences in egg counts, due to rate of stocking or to the
provision of phenothiazine, have developed. However,
there is evidence that the intake of phenothiazine, which
since May, 1957, has varied from 0.3 to 1.0 g. per head,
is sterilizing a proportion of worm eggs and thereby
reducing pasture contamination. No staining of wool with
phenothiazine was observed.

Piperazine—Daily prophylactic doses (0.5 g) of
piperazine given concurrently with infective larvae of Oe.
celumbianum did not prevent the establishment of larvae
in intestinal nodules or the subsequent development of
adult worms.

“Neguvon™ (0, O-dimethylhydroxy-2,2.2-trichloro-
phasphonate) —This  organic phosphorus compound
was administered to weaners at rates of 2.5, 5, and 10 g
per 100 Ib. liveweight by injection into the rumen and by
mouth after swabbing with 10 per cent. copper sulphate
solution, No ill effects were observed in sheep given 2.5
g. or 5 g. per 100 Ib. by mouth but the 10 g rate was
rapidly fatal in two of ten sheep and affected three others.
The 10 g. dose injected into the rumen produced no signs
of toxicity.

(b) Effect of Nutritional Level on Infestation (Mc
Master Laboratory).—The administration of vitamin A
to sheep with low plasma levels did not affect their suscep-
tibility to the establishment of T. colubriformis.
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~ There was no difference in susceptibility to the estab-
lishment of 50,000 T. colubriformis larvae between worm-
free sheep ten months of age fed ad Iib. wheat 50, wheaten
chaff 30, and lucerne chaff 20 parts and those fed the
same mixture but at half the quantity.

_ The infested sheep on the full ration showed a decline
in appetite from 2 Ib. per head per day to 1.4 lb. in a
month, and to 0.8 1b, in two months, and the minimum
intake was 0.4 1b. three months after infestation. It was
observed that whereas the adverse effects of the original
infestation occurred rapidly in the poorly fed group, their
onset was delayed for several weeks in the previous well-
fed group and then seemed to be associated with the
marked decline in food intake,

(¢) Epidemiology.—Lambs in Tasmania show gradu-
ally increasing numbers of worms from September, reach-
ing a peak in November or early December, followed
commonly by a decline and a rapid rise from early
January with sustained high levels of infestation until early
May when there is an abrupt decline. Greatest worm
burdens are usually in February-March.

Preliminary observations at three localities in Victoria
showed that lambs born in the spring may harbour heavy
infestations with Ostertagia spp., Trichostrongylus spp.,
Nematodirus spp., and Trichuris spp. by early summer,
and infestations with QOe. venulosum and Chabertia ovina
tend to increase somewhat later,

A method has been developed to recover and count
larvae from rumen contents and thus assess the number
ingested by grazing sheep. ILggs of Ostergia spp., T.
axet, and T, colubriformis will withstand storage at 4° C.
for 168 hr,, whereas the eggs of H. placei were dead after
24-48 hr., those of H. contortus at 96 hr., and those of
Oe, columbianum at 48-72 hr. A new technique has been
evolved which permits the differentiation of first stage
larvae of sheep nematodes.

(d) Resistance and Imumunity to Nematode Infection.
—There was no evidence that repeated treatments with
phenothiazine interfered with the development of resist-
ance to T. colubriformis. Control lambs, exposed with
the treated lambs to mnatural infestation from birth,
remained susceptible until about nine months of age.

The direct sensitizing ability for red cells of various
fractions of H. contorius larvae was investigated, but
none was satisfactory. Sensitization of cells with antigen
after treatment with tannic acid allowed a haemagglutina-
tion test to be used in parallel with the complement fixa-
tion test. No constant relationship exists between the
results of the two tests,

Agar gel diffusion reactions have been used to investi-
gate the antigenic character of H. contortus and T,
colubriformis larvae by using sera from infested sheep.
Preliminary results have established a qualitative differ-
ence between the antisera to these species. The antigens
of excretory products and exsheathing fluid of larvae are
present in antigens prepared from whole larvae.

(&) The Exsheathment of Nemrtade Larvae—Infective
larvae of some species of ovine trichostrongylid nematodes
exsheath in the rumen of the sheep, but there is no
evidence that exsheathment is stimulated by a specific
substance. A wide range of substances, many of which
are present in the rumen, can influence the process, e.g.
sodium chloride, calcium chloride, and acetic acid, but
only under specified physical conditions, which include a
limited range of temperature and hydrogen ion concen-
tration, as well as low oxidation-reduction potentials,
These are important in the initial stages of exsheathment,
Oxidation-reduction potentials appear to act directly on
the larvae, possibly conditioning some centre which
appears to be located in the vicinity of the posterior half
of the oesophagus. Mechanisms for storage and release
of exsheathing fluid are probably also located in this
region.

(f) Chemical Studies—Substituted phenothiazines have
been synthesized by a new process. Substituted 2,2-
dinitrophenyl sulphides were treated with hydrazine in the
presence of alkali. One of the nitro-groups is selectively
reduced, and a Smiles rearrangement and a ring closure
takes place to give the phenothiazine in good vield.
Phenothiazine, 2,7-dichlorophenothiazine, and 1,6- di-
chlorophenothiazine have been prepared by the selective
reduction process.

The absorption and excretion by sheep of various par-
ticle sizes of phenothiazine were investigated. Attempts
were made to prepare pyridine analogues of phenothiazine.

(¢) Liver Fluke—Studies on Simlimnea subaquatilis,,
the snail intermediate host of Fasciola hepatica, included
observations on habitats, growth, reproduction, aestiva-
tion, migration, and food and oxygen requirements. One
generation can be completed in ome month. Eggs can
hatch five days after oviposition and the resulting snails can
produce eggs in 27 days. Oviposition appears to depend
on environmental conditions and is not restricted o any
one season of the year. Snails may aestivate in dried
mud for at least 77 days. The maximum number of eggs
recorded from a single snail in one month was 239. Eggs
in egg masses were killed by both copper sulphate and
copper pentachlorophenate (10 p.p.m.) after exposure for
only 15 min.

Copper pentachlorophenate has proved to be a more
effective molluscicide against S. subaquatalis than copper
sulphate. It is formulated as a 30 per cent. dispersible
paste and applied by high volume spray at the rate of
10 1b, per acre in 400 gal. of water by means of a
boom spray and lance coupled to a bushfire fighting pump.
The removal of vegetative cover and the institution of
effective drainage of springs and swamps are also neces-
sary. The snails can survive dry periods for some months,
and spraying is best carried out when there is ample
surface water.

The intramuscular injection of carbon tetrachloride
into cattle appears to be a safe and effective therapy for
the control of fascioliasis.

19. EXTERNAL PARASITES.
(Division of Animal Health and Production.)

(a) The Ecology and Control of Lice Populations
(McMaster Laboratory).—The study has been completed
of the influence of temperature and humidity on louse
populations. Temperatures between 33 and 36° C. were
required for the optimum rate of increase of Linognathus
pedalis. Skin temperatures of the limbs of sheep are very
variable and may remain below the optimum requirements
for L. pedalis. A study is being made of certain aspects
of the reproductive physiology of lice. Preliminary ex-
periments with the tip-spray and with the dusting tech-
niques using dieldrin to control lice appeared satisfactory.

(h) Psorergates ovis.—Field trials with 0.025 and
0.05 per cent. diazinon failed to control P. ovis, whereas
0.2 per cent. arsenic was successful. Further trials are
in progress to compare the efficiencies of lime-sulphur and
arsenic. Studies on the bionomics of itch mite were con-
tinued.

(¢) Ixodes holocyclus—No significant difference was
found in specific cholinesterase activity of erythrocytes
or of diaphragm homogenates between mice paralysed by
I. holocyelus and controls.

20. SHEEP BLOWFLIES,
(Division of Entomology.)

An ecological study has been commenced in the Aus-
tralian Capital Territory on the diurnal, seasonal, and
regional variations in abundance of blowflies. Diurnal
fluctuations in activity of the various species show remark-
able parallels to the curves of variation in abundance
with season. Most species became scarce in the study
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area during a long dry period in January and February;
but after a substantial fall of rain the population increase
was far too rapid to be accounted for by local breeding.
Flies reinvaded the area from habitats where they had
been sheltering during the drought. This strong pre-
sumptive evidence of large-scale rapid population shift
indicates that blowfly population dynamics must be con-
sidered on a very broad geographical basis.

The overwintering of the sheep blowflies in the Can-
berra area is also under investigation. Adults of
Chrysomya rufifacies emerge from carcasses until late
autumn, whenever temperature conditions permit. At this
time very few primary flies emerge, although this group
in general is better adapted to cooler conditions than C.
rufifacies. In a study of diapause in Licilia sericata it
was found that females trapped at intervals throughout the
season gave no diapausing progeny until mid-March.

Studies with carrion have strongly reinforced early
observations that carcasses of different kinds of animals
may produce widely differing assortments of blowflies.

21. OTHER SHEEP INVESTIGATIONS.
(Division of Animal Health and Production.)

(a) Clover Oestrogens (Department of Agriculture,
Perth) —In continuation of the work with clover chloro-
plasts, gradient elution chromatography from silica gel
has proved very useful for removing some of the inactive
phenols but, so far, the oestrogenic substance has not yet
been isolated.

22. CLIMATE PHYSIOLOGY OF THE SHEEP.
(Division of Animal Health and Production.)

(a) Equipment for Climatic Research (Sheep Biology
Laboratory) —Tests have been made on the climatic
chambers and improvements carried out. They can now
be operated at climates outside the range for which they
were originally designed. Simple equipment, to simulate
wind and rain, has been completed and calibrated. A
wind tunnel for more accurate work is being built. Two
light-tight rooms have been built for use in experiments
on seasonal variation in woal growth. By using simple
accommodation of this kind it is possible to conserve the
climatic chambers for work which nceds their elaborate
facilities.

The enginecring and design experience of the Climatic
Section and workshop staff have been used to make an
inexpensive climatic chamber at the McMaster Field
Station, Badgery’'s Creek, for use in studying the heat
tolerance of cattle. It is designed to produce climates
with any temperature and absolute humidity above
ambient.

(b) Cold Stress after Shearing—The object of this
work is threefold: (i) To find the combinations of
weather conditions most likely to cause losses after shear-
ing, by constructing a scale of *effective temperature ”,
integrating temperature, air movement, and rain; (ii) to
investigate methods of alleviating cold stress; (iii) to find
whether immediately after shearing, the sheep is especially
susceptible to hypothermia, irrespective of the length of
wool.

The first essential is to find a measure of cold stress.
This in man, and probably most large animals, is difficult.
Skin temperature, the most commonly used index, is for
theoretical reasons particularly unreliable in experiments
involving varying amounts of wind and rain, and this
seems to be the case in practice. Rectal temperature falls
only in extreme cold stress, and then often pre.cipitatg]y.
In milder conditions there can be a paradoxical rise lasting
many hours. It has, however, been found that the heart
rate increases in all degrees of cold stress, reaching a
value around 140 beats/min. in extreme conditions,

At 37°F. with a wind of 7 m.p.h. and a rainfall of
about } in. per hr. newly shorn Merinos can become
severely hypothermic in 3-4 hr.

(¢) Seasonal Effects on Wool Growth and Reproduc-
tion—It is now well established that wool grows faster
in summer than in winter even under controlled nutritional
conditions. In the past lack of specialized equipment has
hindered the study of the relative importance of day length
and thermal conditions in causing this variation. A
simple experiment has been set up to examine this ques-
tion with Merino and Southdown ewes. It is planned to
follow skin thickness changes during this experiment.
The suitability of wvarious methods of measurement is
being examined.

The experimental conditions of this study will provide
the material for an examination of the breeding season
of Australian Merino sheep in a high *“light latitude "
compared with that of a British breed, the Southdown,
In addition, it will be possible to examine whether, in the
absence of a * day-length signal™, the breeding season
can be controlled by seasonal variations of temperature.

Measurements are being made of wvaginal volumes.
These suggest that during the breeding season the vaginas
of Merinos are several times larger than those of South-
downs. Changes between anoestrum and the breeding
season and during the individual dioestrous cycles are also
being studied.

(d) Diurnal Rhythrs—To interpret results of experi-
ments involving climatic stress, it is necessary to know
normal body temperatures at different times of the day
and night. It was found that with 24 hr. lighting and a
constant room temperature (80° F.), the thythm depended
only on feeding. The body temperature and heart rate
rose after feeding and then fell slowly until the animals
were fed again.

(e) Sweating—The sweat production under heat stress
in sheep of five breeds was examined by the desiccating
capsule method. Only small amounts of sweat were pro-
duced, and in some instances no sweat at all. Preliminary
observations emphasize the importance of panting as
opposed to sweating in the cooling mechanism of the
sheep. Earlier work showing that sheep sweat after both
intradermal and intravenous injections of adrenalin was
confirmed.

VIII. CATTLE.
1. GENERAL.

The cattle industry is the second major pastoral indus-
try in Australia, and can benefit as greatly from the appli-
cation of scientific research as the complementary sheep
and wool industries.

The Organization has made a broad approach to the
problems in this field, after first instituting a survey of
the structure and interrelations of the various sections
of the beef cattle industry throughout Australia. Current
investigation includes: the elimination of loss from discase
in both beef and dairy cattle; improvement of nutrition by
the development of sown pastures; better management of
natural pasture; and development of systems of breeding
designed to evolve more productive beef and dairy types
for northern Australian conditions.

The Organization's work on cattle problems has been
carried out chiefly by the Division of Animal Health and
Production, at the Animal Health Laboratory in Mel-
bourne, the National Cattle Breeding Station at * Bel-
mont 7, near Rockhampton, Queensiand, and the Veterin-
ary Parasitology Laboratory in Brisbane, Queensland
(sec Sections 2,3,4,6,7, and 8 of this Chapter), The
Division of Entomology has been concerned with work
on the cattle 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 111). The work of the Animal Genetics Section
on beef cattle is described in Section 9 of this Chapter.

2. CatrLE DSEASES.
(Division of Animal Healh and Production.)

(a) Pleuropneumonia of Catile.—Research in this field
has continued at the Animal Heaith Laboratory, Mcl-
bourne. Concentrated suspemsions of formalm-kltllml
organisms, injected at the ail tip, gave rise to a consider-
able resistance to subsequent challenge by subcutaneous
inoculation of virulent culture. The level of resistance
was much inferior to that after living standard vaccine.
The use of identical twin catile yielded no evidence 5}}31
genetic factors are of primary importance in suﬂceptlblll.ty
to bad tail reactions after living vaccine, Homozygqles
tended to develop similar levels of :1ggiufinanon reaction
but not CF reaction, and to be:have similarly as regards
development of immunity to iphalation challenge. The:leT
was no significant tendency for umac;mn:gd hu_mozygoi:::
io be equally susceptible to nfxalation infection. The
study was concluded of joint ind heart lesions in very
young calves after tail imocul:tion with living vaccine.
and it was demonstrated that these complications alsc
followed intravenous inoculatbn. Progress has con-
tinued on freeze drying of standard \'ac.cins, and recoveries
of about 10 per cent. after receastitution were commo_nlj-;
obtained. Factors influeacing the growth of the organism
in chick embryos were studied amd 2a lab?rato‘ry trial of
“ egg vaccine”, prepared acr:u?ii.ng_to Piercy’s method,
gave encouraging results. In ftie d_nec_i state the vaccinz
had high viability, but after recenstitution it became very
susceptible to high ambient iemperatures. An_indirect
haemagglutination test was dc\-c[c-p‘cd for measuring anti-
body and antigen. A non-pyrogmic polysaccharide based
upon galactose was isolated from the causal organism and
was shown to sensitize red cells to this test in high dilu-
tion. Pleuropneumonia ribonuckic acid and its depoly-
merization were investigated and further progress was
also made on the nutrition of the cawsal organism. During
the year 703.675 doses (0.5 ml) of stand:ard vaceine were
issued for use in the field, and sufficient complement
fixing antigen to test 44,000 cattls was donated 10 authori
ties in Australia and Kenya.

(b) Brucellosis of Cattle—The investigation has been
concluded of the duration of immunity following vaccina-
tion with Brucella aborms stran 19. Future worlg on
brucellosis will be confined to reflevant problems arisin
during the general study of infetdlity in cattle.

(¢) Infertility in Cartle—Cnases of inferti!ity of an
infectious nature are being asessed. There is furfhe*
evidence that the venerezl diseas of vibriosis 1s a seriou
cause of infertility in dairy hedis in Victoria and that
trichomoniasis is comparatively off little importance. Af..
diagnosis of vibriosis wes established in two * problem
herds in Tasmania, by the direct isolation of Vibro fefus
from the genital tract of cows Further evidence was
obtained of the disease in other Tasmanian herds.

The most practical method of rmaking a herd diagnosis
of vibriosis under Australian comditions is being sought.
As the herd bull retains infection almost indcﬁ‘niiely.
lnboratory methods of diagnoss are being investigated,
including the testing of sheati-washings or semen _b_v
puinea pig inoculation, by introciuction into the vagina
of the unmated heifer. and by cultural means.

(d) Copper Metabolisn: Studies on Cattle in Western
Australia—An investigation is proceeding at the Depart-
ment of Agriculture, Perth, of “falling disease " of cattle,
due to copper deficiency. Several years may elapse before
manifestations of the disease appear in the experimental
animals.
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3. INTERNAL PARASITES.
(Division of Animal Health and Production.)

The following investigations were carried out at the
Veterinary  Parasitology  Laboratory,  Yeerongpilly,
Queensland.

(a) Parasitic Gastro-enteritis of Cattle—(i) Suscep-
tibility of Bos taurus and B. indicus fo Helminth Infesta-
tion—Owing to the abnormally dry conditions and
<ifficulties of mustering, this investigation at the National

Cattle Breeding Station, * Belmont ™, Rockhampton, has
been temporarily abandoned.

(ii) The Degree and Persistence of Haemonchus placei
Infestation in Calves with Pure and Mixed Infestations.—
No difference in cither the degree of infestation with H.
placei or its persistence could be detected in calves
artificially infested with pure H. placei, or in calves with
mixed infestations of H. placei, Trichostrongylus axei,
Cooperia  pectinata, C. punctata, Oesophagostomum
radiatum, and Bunostomum phlebotonium.

(iii) Studies on Oesophagostomum radiatum.—Studies
were commenced on the pattern of egg production, per-
sistence of the parasite, and other aspects of host-parasite
relationship.  In six calves, each dosed with 20,000 larvae,
the prepatent period varied between 35 and 40 days, and
the maximum egg count from 740 to 1,552 eggs per gram.
Ege production, according to faecal egg counts, was very
irregular, and the peak of production varied from six to
iiftecen weeks. Thereafter the counts dropped quickly
and remained at extremely low levels.

The large fluctuations in daily faecal egg counts appear
to be due partly to the expulsion of immature eggs which
do not float in salt diluting fluid used in egg counting,
The irregular flow of ingesta from the caecum, where
adult parasites may be found, into the colon, may also
aceount for these fluctuations.

The effect on calves of large single doses, small daily
doses, and of spaced doses of larvae is being studied.

(iv) Ecology of Preparasitic Stages of Cattle Strongyles.
—Investigations have continued into the development,
migration, and survival of these larvac under natural
conditions.

Larvae will develop to the infective stage in the pat
depending on favourable temperature without regard to
other environmental factors.

Infective larvae can only migrate from pats following
suitable rain, Type and duration of rainfall are important,
ns it is essential for the pat to become saturated before
larvae can escape to the pasture. Several migrations from
the same pat may occur under favourable conditions.
These migrations are from larvae in the pat and not from
larvae in the soil on which the pat rests,

Larvae can remain in cattle pats for up to five months in
the spring, and then migrate following favourable rainfall.

Larvae will survive on pasture for a period of five-six
weeks after migration from the pat.

Larvae from the field, that are active, are infective to
calves irrespective of larval age.

The effect is being studied of temperature on the develop-
ment of the eggs and preparasitic larval stages of the
various nematodes infesting cattle,

(v) Copper in Host-Parasite Relationship.—Statistical
analysis showed that there was no significant difference in
faccal egg counts, haemoglobin, or body-weight gain
between the copper-supplemented group and' the control
group which had a mean liver copper level of 10 p.p.m.
Copper deficiency may not be a major nutritional factor
affecting the host-helminth relationship in calves.

The effect of helminth infestations and of phlebotomy
on blood and liver copper and various blood components
was observed prior to and during the experiment, compared
with that of control animals. Blood was withdrawn each
day in an endeavour to duplicate the haemoglobin levels
in the infested group. There was no change in plasma
copper levels. Liver copper levels in the infested group



fell by 86 p.p.m., while that of the phlebotomized calves
fell by 21 p.p.m.. and that of the controls fell by 9 p.p.m.
Total serum protein levels of both groups followed a
similar pattern, falling to between 4 and 5 g. per cent. and
returning to the normal levels four weeks after anthelmintic
treatment, or cessation of bleeding. The fall in serum
protein levels in the infested group was due to a fall in
serum albumin, whereas in the phlebotomy group the fall
was due to a decrease in both albumin and globulin of
equal magnitude. Calves infested with B, phlebotormum
failed to absorb and store copper as well as worm-free
calves.

Copper supplements are being given by subcutaneous
injection of copper glycinate to weaners at the National
Cattle Breeding Station. * Belmont™, Rockhampton.
There are no significant differences in body-weight gain or
coat score between this group and an untreated control
aroup.

(vi} Anthelmintics.—Studies with * Neguvon” (Bayer
“L13/59") confirmed the earlier report of high anthel-
mintic efficiency against the common nematodes of cattle, A
dose rate of 2 g. per 100 1b. body weight is highly effective
against H, placei and O. radiatum, and 5 g. per 100 Ib.
body weight is also highly effective against Cooperia spp.
(including C. oncophora) and B. phlebotomum. From
the small number of calves infested with Osterragia
ostertagi and T. axei it would also appear to be highly
effective against these two species. especially at the higher
dose rate. Neither premedication with sodium bicarbonate
nor prior starvation are necessary. At the recommended
dose rates the drug appears to be of very low toxicity, as
no mortalities or even toxic symptoms have been observed
in more than 200 calves treated in the field. Dose rates
up to 12.5 g. per 100 1b. body weight have been adminis-
tered without mortality, although one calf dosed at 10 g.
per 100 Ib. body weight succumbed. Caution is still
indicated, however, as workers elsewhere have observed
some toxic effects from dose rates of 5 g, per 100 1b. body
weight.

Two other organic phosphorus compounds, namely,
“ Asuntol 7 and “ Dow-ET-57 ”, have shown anthelmintic
effect against the common nematodes of cattle.

“ Asuntol ”, at a dose rate of 0.25 g. per 100 lb. body
weight, was highly effective against H. placei and Cooperia
spp. and showed variable efliciency against Q. radiatum.
Increased efficiency against O. radiatum and T. axei was
observed at higher dose rates. One calf dosed at 0.5 g.
per 100 1b. body weight succumbed, and a dose rate of
0.25 g. per 100 1b. body weight would appear to be the
maximum safe dose.

“ Dow-ET-57 ", at a dose rate of 5 g. per 100 1b. body
weight, was also highly effective against H. placei and
Cooperia spp., and of variable efficiency against O.
radiaturn, Even at a dose rate of 10 g. per 100 lb. body
weight, efficiency against the latter species was not
increased. Some toxic effects were observed, although no
mortalities occurred.

4. CarTLE TICK,
(Division of Animal Health and Production.)

(a) Susceptibility of Bos taurus and B. indicus to
Infestation.—Studies with Shorthorn and Shorthorn-Zebu
crossbreds have confirmed the earlier observations.

Observations commenced with three purebred Sahiwal
kulls, one Red Sindhi bull, and two Sahiwal-Jersey cross-
fred bulls which had never previously been exposed to
ticks. The number of engorged adult female B. microplus
racovered from them differed greatly between individuals,
hut was relatively constant in the same animal on subse-
quent infestations.

(b) Host Resistance—The difference in numbers of
sdult female ticks developing on individual animals of the
P. indicus breeds (see foregoing) was not associated with
any marked skin hypersensitivily reaction, and appeared to
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be due partly to the inherent individual susceptibility or
resistance. The number of adult ticks recovered remained
relatively constant on subsequent infestations, except in
one animal which did manifest hypersensitivity. Three of
these six animals developed some degree of skin hyper-
sensitivity, as revealed by the intradermal injection of
larval antigen and slight reaction following attachment of
the nymphs and adulis.

(¢) Tiek Fever—The life history is being studied of
Babesia bigeminum in the tick, and ultimately in cattle.
Larvae become infected, and infection is transmitted either
by adults from these larvae, or by their larval progeny.
Larvae derived from uninfected adults and nymphs which
have subsequenily engorged on an infected animal have
not yet produced infection in normal or splenectomized
calves.

Weekly peripheral blood smears were obtained from all
calves up to six months old, and monthly samples from
all other stock. Only one of eleven calves sampled within
seven days of birth has shown the presence of B.
bigeminum. All have shown Anaplasma marginale at
some time whereas only two have shown Theileria mutans.
Among the adult cattle, 24 out of 57 animals have shown
T. mutans at one or more samplings.

(d) Parthenogenetic Development in Haemaphysalis
bispinosa.—Larval progeny of H. bispinosa from cattle in
the field have been reared to adults on the rabbit. Of 1702
unengorged adults, only five were males. Four males were
allowed to engorge on the rabbit in the presence of
females. No sperms were seen in the genital tract of the
females, and no functional spermatozoa in the testes of the
male. Engorged adult female H. bispinoso reared without
the presence of adult males have laid fertile eggs which
have hatched to viable larvae. Some of these have been
reared to engorged nymphs.

5. BroLoGy anND CoNTROL OF THE CATTLE TICK,
(Division of Entomology.)

Study has continued of acaricide resistance in the cattle
tick, and the screening of new acaricides. An infra-red
spectrometer gave increased range and cutput in acaricide
analyses. Marked advances have been made in the applica-
tion of pasture spelling. and ecological investigations have
been extended to the most important types of cattle country
in Queensland, The eradication campaign in New South
Wales has continued.

(a) Acaricide Resistance.—(i1) DDT Resistance.—Ticks
with a low-order resistance to DDT have been detected on
one further central Queensland property. They can still
be controlled with 0.5 per cent. pp’-DDT. DDT resistance
has not developed elsewhere.

Of six strains of catile ticks from northern New South
Wales where the eradication campaign failed, five were
found to be completely DDT-susceptible, and one to have
a negligible degrece of DDT tolerance. Failure of the cam-
paign was not therefore due to DDT resistance.

(ii) Multi-resistance.—Cattle on a central Queensland
property where ticks had become DDT-resistant were
subjected to ten months’ dipping in BHC and four months’
dipping in dieldrin. These ticks were resistant to dieldrin,
and relained their former degrez of DDT resistance.

(iii) Loss of Resistance—A DDT-resistant strain
reveried to a low-order resistance, and a dieldrin-resistant
strain reverted to almost complete susceptibility during
culturing for fourtecn and cight generations respectively,
Spraying of infested animals with the respzctive acaricides
resulted in one pencration in a return to high resistance of
the previously dieldrin-resistant strain, and a slight increase
in resistance of the reverted DDT-resistant strain.

(b) Factors Influencing Toxicity of Acaricides—(i)
Aging of Dips—Samples from well-used dips charged
with DDT have proved more toxic than laboratory pre-
parations of the same concentration. One freshly charged



DDT dip, in which the hardness of the water necessitated
chemical sofiening, had @ very low toxicity, but a sample
from the sume dip afier about a vear of use showed that
toxicity had increased.

(ii) Influence of Post-treatment Temperatures on
Toxicity of DDT.—Reduction in temperature favours the
action of DDT on ticks. Untreated snd DDT-treatad
ticks were exposed in the field at monthly intervals.
Treated ticks always produced less progeny than untreated
ticks, and failed 10 lay any egs at all between April and
September, whereas during most of the winter. untreated
ticks produced some progeny.

(¢) Persistence and Fate of Acaricides on the Coats of
Cattle—(i) Diazinon.—The reason for the brief per-
sistence of diazinon on cattle hair is being studied. There
was o marked correlation between persistence and coat
density, and the winter coats of cattle may retain an
effective deposit of dinzinon for ten times the period that
it persists on the short summer coats. The deposits per-
sisted no longer on eattle shaded in stalls than on cattle
grazing in the open. No evidence of evaporation from the
hide was obtained, nor did chemical breakdown of diazinon
oceur on cattle hair at various humidites in vitro, Loss of
diazinon by ubsorption into the skin is being investigated
by radiotracers.

(ii) DDT—It was confirmed that formulation has a
pronounced effect on the size of the initial DDT deposit
left on the coats of catile, but there is no significant
difference in the persistency of effective deposits. Degreas-
ing the coats of cattle before spraying did not increase
the persistency of DDT.

(d) Field and Laboratory Testing of Chemicals as
Acaricides—(i) DDT-Diazinon Mixture.—A mixture of
0.5 per cent. pp-DDT and 0.05 per cent. diazinon in a
dipping vat continued to give effective tick control. A
new bioassay technique showed that there is no synergistic
action between the diazinon and the DDT.

(i) Bayer " 21/199 ".—This organic phosphorus com-
pound was tested in g dip as a wettable powder at 0.05 per
cent. “21/199%, It was highly toxic to cattle ticks,
afforded a protective period of 4-7 days. and was stable in
the dip.

(iii) Malathion~An emulsifiable concentrate was more
toxic to ticks thun emulsions nnd wettable powders tested
previously.,

(e¢) Pasture Spelling Experiments.—(i) Small-scale
Controlled Experiment.—The treatments in the pasture
spelling experiment at Amberley were reversed. Heavy
infestations slowly built up on cattle formerly grazed only
on spelled pastures, but now running continuously os an
unsubdivided paddock. These cattle, due to virteal freedom
from ticks in the previous vear, remain larger and heavier
than the cattle formerly grazing in the heavily infested, con-
tinuously stocked paddock. Heavy infestation on the herd
previously on continuous grazing dwindled under pasture
spelling, but, contrary to earlier experience, some seed
ticks overwintered in the paddock vacated from May to
early September. Thus, although the cattle lost their
infestations on each change of pasture, light to moderately
heavy tick infestations built up before the next move.
Negligible numbers of larvae survived the January-April
period, and the heavy infestation which the cattle left
behind in the pasture was reduced to a very low level three
months later. None of the eattle were sprayed during the
vear.

(ii) Large-scale Field Experiments—The three-year
trial  at Calliope (central Queensland) concluded in
Junuary, 1958, The scheme for 1957, in which 450 cattle
were confined to one paddock during the wet season, and
then divided between two spelled paddocks during the drier
months, pave excellent ftick control. with dippings in
January, April, July (for lice). and October. At Towns-
ville 250 ecatile were dipped twice before cntering a
paddock which had been spelled for three months. Four
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months after entering this paddock the cattle had very
low tick infestations. Several graziers have reported
promising results from their own pasture spelling trials
involving hundreds or thousands of cattle in northern and
central Queensland.

(f) Biology and Ecology of Cattle Tick—(i) Survival
of Non-parasitic Stages—In the study of strategic dipping
and pasture spelling, observations on tick survival began
near Charters Towers (rainfall 23 inches), Townsville (40
inches), and Ingham (85 inches).

In south Queensland the massed progeny of a number
of ticks survive longer than those from single ticks, and
survival in sclerophyll-lantana forest exceeds that in open
prassland,

(ii) Artachability of Aged Larvae—Larvac six and
cight weeks old developed into nymphs when placed in
small containers secured to shaven areas on a steer.

(iii) Behaviour of Larvae—Larvae of the cattle tick
and Ixedes holocyelus were liberated in lantana thicket
and grassland. In both situations /xodes larvae travelled
downwards to the soil surface, whereas cattle tick larvae
ascended in the thicket as high as 5 feet. 1. holocyclus
behaviour may reflect adaptation to rodent and bandicoot
hosts, in contrast with that of the cattle tick, which is
adapted to large hosts.

6. INVESTIGATIONS WiTH DAY CATTLE.
( Division of Animal Health and Production.)

(@) Nucleus Herds of Sindhi and Sahiwal Cattle—Two
bulls from the Sahiwal herd at the McMaster Field
Station were destroyed, and a cow from the Sindhi herd
died, One voung purcbred Sindhi bull and two Sahiwal
x Jersey cross bulls were donated to the Queensland
Department of Agriculture and Stock. Two Sahiwal bulls
have been sent to the Veterinary School, Brisbane Univer-
sity, for anatomical studies and two to the Veterinary
Parasitology Laboratory, Yeerongpilly, Queensland, for
observations on breed susceptibility to cattle tick infesta-
tion,

Present herd numbers at the McMaster Field Station are:
Sahiwals—three males, six females; Sindhis—four males,
six females.

(b) Progress in the Zebu-Cross Dairy Herd—A further
twenty Jersey heifers were obtained during the year and
mated to Zebu bulls. There are at present 57 Jersey
females, twelve F, Sindhi x Jersey heifers and eight bulls,
and seventeen F, Sahiwal x Jersey heifers and eight bulls,
The first F, x F; matings took place this autumn.

(c) Coat Shedding Studies—(i) Observationx on Sindhi
and Szhiwa] Cattle—Examination of hair samples has
been completed, and the data are being analysed.

(ii) Growth and Development Studies with Calves—
The collection of material is continuing.

(iii) Shedding and Plane of Nutrition.—Investigations
are complete and material is being analysed. In contrast
to ad lib. feeding, starvation appears to cause a reduction
in sweat gland volume. An anticipated increase in follicle
population per unit area to compensate for reduced total
skin area in the starved cattle did not occur. Hair samples
are being examined for medullation and for length and
diameter relationships.

(d) Sweat Gland Studies—(i) Breed Survey.—A sur-
vey has commenced of European dairy breeds, to obtain
comparative information on gland volume and density of
follicle population in summer and winter,

Through the co-operation of the New South Wales State
Department of Agriculture this survey was extended to four
other purebred dairy herds, in addition to the Field Station
Jerseys, namely, Friesian, Ayrshire, Guernsey, and Illawarra
Shorthorn.

(ii) Variation in Sweat Gland Size, Number, and Dis-
tribution—~Four Sahiwal and four Jersey cows have been

sampled at a number of points over the body to provide this
information,



38

7. BEEF PRODUCTION IN AUSTRALIA,
(Division of Animal Health and Production.)

_The; following studies (a), (b), and (¢) are under the
direction of the William Mcllrath Fellow in Animal Hus-
bandry at the McMaster Laboratory.

(a) Co-ordination of Beef Cattle Investigationsi—Co-
ordinated investigations conducted by the Departments of
Agriculture in New South Wales, South Australia, and Tas-
mania are continuing. A summary of research projects
undertaken by the Queensland Department of Agriculture
end Stock and by the Organization was included in the
report preparéd by the Eighth Mecting of the Technical
Sub-committee on Animal Production. ¢ report reviews
most of the beef cattle research projects in nutrition and
allied fields in Australia and includes a summary of studies
on comparative seasonal performance, upgrading from dairy
stock, effect of time of calving, the performance of northern-
bred steers when transferred to a southern environment,
influence of supplementary feeding, pen and yard feeding,
drought feeding, vitamin A status under different nutritional
conditions, crop fattening, comparative breed performance,
performance on irrigated pastures, tropical legumes and
grasses for fattening, inland and coastal grazing, feeding
stud cattle, use of hormones, use of phosphate supple-
ments, progeny testing, and carcass appraisal.

(b) Use of Hormones in Beef Production—Together
with State Departments of Agriculture the value of hexoes-
trol and stilboestrol is being studied as growth stimulants.

(¢) Other Beef Cattle Investigations—Work is con-
tinuing on the feeding of stud cattle and the estimation of
percentage of body water in vivo.

(d) Pre-Natal Development of Skin and Hair in Cattle
(Sheep Biology Laboratory).—A histological study has
been made of the development of the skin and hair follicles
in 33 cattle foetuses, ranging in age from 68 to 274 days,
and seven newborn calves, of various breeds. Skin
samples were taken from the midlateral region of the
trunk for counts of the follicle and hair population, and for
skin and hair follicle measurements.

Follicle initiation extends from about the 77th day of
gestation to about the 166th day. First-, later-, and last-
formed follicle types are recognized and their special
features and rates of development recorded. Since all the
follicles are associated with sweat glands, and arrector
pili muscles, no attempt was made to classify them into
primary and secondary types similar to those described in
sheep and other mammals. The hairs of the first-formed
follicles emerge at about the 200th day and twenty days
later most of the follicles have emerging hairs.

Branching of follicles was not observed as in sheep and
other mammals. There is, however, the phenomenon of
pairing, apparently not previously described in mammals,
where two (occasionally three) follicles, rising indepen-
dently from the epidermis, share a common hair canal.

Post-natal histological studies are needed of the integu-
ment, particularly of the seasonal influence on the hair
cycles, for a better understanding of variations in the
bovine coat associated with acclimatization,

Skin samples were collected from 22 foztuses of Zebu x
Hereford and Zebu x Shorthorn strains, ranging in age
from 77 to 263 days, and from ten newborn calves of
Zebu x Hereford, Zebu x Shorthorn, and Zebu x Jersey
strains. These will be used for comparative studies with
the material from British breeds. All the foztuses have
been preserved entire; they have a common sire and are
from cows which were artificially inseminated at the
National Cattle Breeding Station, Rockhampton.

Data have been collected for a comparative study of
the pre-natal linear dimensions, body weights, and external
features of the foetuses.

(e) Drought Feeding of Catile—(i) All-grain Rations.
—Under pen conditions Hereford yearling steers were
maintained for twenty weeks on a daily ration of 2.8 Ib.

whole wheat per head per day plus | per cent. finely
ground limestone: Mean liveweight decreased from 586
to 427 lb. Similar cattle fed 1.8 lb. oaten hay, and 1.8 b,
whole wheat plus liméstone per head per day decreased in
weight from 584 to 464 1b. All cattle remained in good
health and no deaths occurréd,

(ii) Daily versus Weekly Feeding on All-grain Rations.
—Two groups of eighteen-months-old. Hereford steers
with a mean liveweight of 446 Ib. were fed, cither daily or
weekly, 3.47 Ib. of whole wheat grain plus 1 per cent.
ground limestone under pen conditions. Over sixteen
wecks both groups maintained weight and there was no
liveweight difference due to the method of feeding. At the
conclusion of the experiment cattle fed weekly were
livelier, This was associated with better coat shedding,
earlier teeth eruption, and higher values for haematocrit,
haemoglobin, red blood cell counts, and serum vitamin A,
Two of ten animals in the weekly fed group had to be
withdrawn because of weakness and one beast in the daily
fed group died.

(iii) Methods of Establishing Weekly Feeding of an All-
grain Ration—Hereford yearling cattle were establishied
on an all-grain ration (2.8 Ib. whole wheat grain per head
per day) in one week and changed directly to weekly feed-
ing after a further week without untoward incidents. A
second group of similar cattle treated identically for the
first two weeks were gradually switched to weekly feeding
over a further two weeks. There was no advantage in a
gradual as compared to an abrupt transition to weekly
feeding,

(f) Coat Clipping Studies—Hereford weaners with
normal winter coats made better weight gains than clipped
animals when mean air temperatures were below 50° F,
Skin but not rectal temperatures were lower in clipped
animals. In Galloway heifers clipping reduced skin and
rectal temperatures but had no effect on liveweight gain.

(g) Implantation of Synthetic Oestrogens.—Implants of
60 mg. hexoestrol in two-year-old Hereford steers in poor
condition gave no increase in rate of liveweight gain over
¢ period of four months as compared with untreated
.nimals. Mean liveweight increased from 423 to 775 1b.

(h) Adaptation to a Tropical Environment (Rockhamp-
ton Laboratory).—(i) Coeat Type and Performance.—
Further observations confirm a relation between coat type
and performance. A subjective coat score has fairly good
prediction value for growth weight of weaners, for fer-
tility of cows, and for birth weight of their calves. It
seems doubtful whether the effect of coat type upon heat
regulation, although it is strong, accounts for all the
association between coat type and performance. Coat
type may be an indicator of physiological well-being more
than a cause of it.

(it) Analysis of Coat Characters—Further attempts
are being made to analyse the contribution of various
coat characters to overall coat quality in relation to skin
temperature and growth rate. It has been difficult to
obtain suitable sets of data with all concurrent informa-
tion to provide definition of coat characterization. To
reduce complexities, short-term growth and shedding of
hair are being studied as distinct from the coat as it is
found.

(iii) Sweat Glands: Form and Function.—Analyses are
proceeding of skin thickness, sweat gland size and mor-
pholoay, gland density, and surface area of glands pet
unit area of skin. in relation to age, season, body weight. ~
hreed and individual differences, and other characters.
No significant seasonal effects have appeared. Gland size
is high in Brahman and Afrikander cross, but density,
though high in Brahman cross, is low in Afrikander cross
Within breeds, highly significant differences between ani-
mals are demonstrated for all skin characters. Sweatine
rates in the field show highly significant breed differences
These are well correlated with coat type and with growth
rate, but no relation to sweat gland size has yet been
found.
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(iv) Eve Lesions—The incidence, persistence, and ~"the damage they cause, is mainly carried out by the
development of pre-cancerous lesions of the eye in Herc-""'-:.. Division of Entomology, Collaborative work is, however,
fords is being studied in relation to pigmentation of !ids,j undertaken by the Division on special problems in con-
corneoscleral junction, and cyclashes, Strong relationship }fjijunction with other laboratories. Research on insects
exists between lesions and lid pigmentation, and the Iatler aﬁ:u:(_:ting animals is done partly in co-operation with the
is highly heritable, Ff{Division of Animal Health and Production and is reported
in Chapters VII and VIII, The Division cooperates with
the Division of Forest Products in the study of pests of
timber (see Section 14 of this Chapter, and Chapter XIV,,
Section 6), with the Division of Plant Industry on certain

The following investigations are in progress at thej pasmre problems (see Section 3 of this Chapter), and with
Mational Cattle Breeding Station, “ Belmont™, Queens-@hithe Division of Industrial Chemistry (see Section 16 of
land. "]- this Chapter).
~ The 191:\'7 calving was the fourth in the two main breed- ll Division of Entomology.—There have been no majot
ing experiments. Bllichanges in the research programme of the Division during

(a) Crossbreeding Project: Rates of Growth.—Obser-filithe year.
vations have now been made on four drops of progen Greal stress continues to be placed upon the ecological
from six crosses. Afrikander or Zebu bulls mated wit approach to pest problems, with the realization that it is
Hereford or Shorthorn females give progeny which growfdlinsufficient merely to find better ways of killing insects
faster and to heavier weights than the Hereford x Shori-f#iin order to effect their control.
horn or Shorthorn x Hereford cross breds. The first F An officer has recently commenced work in Queensland
mating was made in 1957 between crossbreds of breedingfiion the biological control of Noogoora burr, Also an
Afrikander x Hereford, Afrikander x Shorthorn, Zebu x#officer was sent to Hawaii to collect and breed large num-
Hereford. and Zebu x Shorthorn. fibers of fruit fly parasites. Regular shipments of these

(b) Northern-bred and Southern-bred Herefords.—It isfiigere being made to Sydney, and after a careful identity
now fairly clear that the southern-bred strain has beenfitiicheck to ensure that undesirable insects are excluded, they
inferior to the northern-bred in all aspects of production [i§l"re being liberated in eastern coastal regions.

No further matings will be made in this experiment. ] Good progress has been made in the implementation

= : . ol the recommendations of the Cattle Tick Research

(c) Artificial Insemination.—A calving of 54 per cent. [} e b : 2
was obtained in a herd inseminated in 1957 with deey i Review Committee. An ofﬁcer‘ .hasr been appointed to
frozen semen which had been collected by artificial vagin:fiitudy the ecology of the cattle tick in north Queensland,
and arrangements have been made to lease a small

from Zebu and Shorthorn bulls, Additional bulls, includ. § \ :
ing crossbreds, have been trained as semen donors. Com-filj” oPerty near Ingham where pasture spelling experiments
mencing at 80 days from conception, 21 pregnant cows will _be carried out. .Addmonal facilities have also been
were slaughtered at 20-day intervals to obtain materinlfiiP-0vided at Yeerongpilly and Amberley so that work on
for studies in the histology of foetal skin and hair.  * o ttle dips and pasture spelling can be intensified.
(d) Dentition Situdies—Up to the age of about 2
months appreciable breed differences have been observed i
in size of temporary teeth and in time and nature of theirfj
eruption. but during the next year of life most of these|
differences have disappeared. Tn the animals underf
observation time of eruption of permanent incisor teet
has proved a poor indicator of age. No standard pattern
has been ohserved either within or between breeds, nor i

8. CATTLE BREEDING INVESTIGATIONS.
(Division of Animal Health and Production.)

2. INsSECT PHYSIOLOGY AND TOXICOLOGY.
(Division of Entomology.)

(a) Digestion of Wool by Insects—Studies of the
mechanism of digestion of wool by insects have continued,
Recent improvements in technique have led to the purifi-
cation of the protease from clothes moth and carpet beetle
there anv evidence that rate of growth of the animal isf§} iRrvae. Studies. on the eifects of these preparations. on

wool under similar conditions to those found in the insect

affected by earliness or lateness of eruption. Bt show that native wool is digested t iderabl
: : : I is digeste era
(e) Conformdtion—Carcass Studies.—Studies werefi® | g A Sl .

commenced using 1954 males as the experimental animals I O fha dlotiey oaath. gonteas i Hhe Glames. of
A ) ' ; Wtjreducing agents. Digestion in vimro is i
Special facilities for the carcass appraisal work have been  Bor 8 % tro s increased by the

’ . effect of thiols or other reducing agents, and it is thought

(p)r'owdc[d -r.:]t ]r.:-.!e L:;Ekcs Creck Abattoir of the Central@.p..; thiols play an important part in the digestion of wool

ueensland Meat Export Company. by insects. Elemental sulphur has been demonstrated in
lothes moth excreta.

(h) Cuticular Proteins—The larval cuticle of a beetle
(Animal Genetics Section.) was found to contain approximately 60 per cent. protein.

The volume of sweat glands has been shown to belgig ! the proteins, 56 per cent. is bound to other cuticular
hieher in breeds which are supposed to be heat tolerant ig-omponents, especially chitin, by covalent bonds. In
Different sroups of Shorthorn, Santa Gertrudis. Zebu ¥[8 addition there is: (i) a protein fraction (14 per cent.) which
Shorthorn crosses. American Brahmans, Afrikanders, ancjglf 5 "ot bound to other compounds and is extractable with
two pure Indian Zebu breeds. Sindhis and Sahiwals, werejgl ¥ "'c" (i) two small fractions, one (2 per cent.) bound by

eompared and their sweat gland volume follows closels jilf "¢ ven der Waals force, the other (3 per cent) by salt
thlr e ekt tebiasiie. ‘mkagcs or double covalent bonds or both; and (iii) a
Counts of resting and active follicles in cattle skinfg " "¢ f”,m"o“ (25 per ct?nt.} bound by hydrogen bonds.
_shaw that cnttle grow two coats in the vear, one in spring Bl he various protein fractions are heterogeneous and their
anil one T ety @ mino acid compositions have been studied. Important
tid antitative differences exist, although the various protein
il ‘ractions have a similar qualitative amino acid com-
nosition,
gl Determinations have also been made of the inorganic
-onstituents. chitin (37.2 per cent.), lipoid (3.2 per cent),
i 'nd nolvphenol oxidase activity of the entire cuticle, The
lcuticle pave 0.49 per cent. ash of which half was calcium
@oxide. The next most abundant metal was magnesium.
MThe ratio of calcium to magnesium in the cuticle, in the
arval blood, in the wood on which the larvae were feeding,

9. SWEAT GLANDS IN CATTLE.

IX. ENTOMOLOGY.
1. GENERAL.

Tn Australia, as in most other countries, there are
thou-ands of species of insects, mites, and ticks which cause
se-ions harm to domestic plants and animals and to thef
praducts of these used by man. The investigations of such
pests. with the ultimate object of reducing or preventing
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and in the frass excreted was approximately the same
(5:1), which indicaies that there is no preferential accumu-
lation of caleium or magnesium and that the calcium and
magnesium content of the cuticle is directly related to that
of the blood.

(c) Significance of Pole Cells in Flies—Circumstantial
evidence has suggested that the pole cells of higher
Diptera not only are the source of the germ cells of the
gonads, but also play a role in the formation of the midgut
epithelium. This has now been demonstrated experi-
mentally by damaging the pole cells of Drosphila and
Lucilia by exposure to a controlled beam of ultraviolet
radiation at 2537A. Depending upon the stage of
embryvological development at the time of treatment, not
cnly ure the germ cells reduced in number or lacking, but
cartain speeialized midgut cells may suffer a similar fate.
Eleciron micrographs of sections show that these
specinlized midgut cells, which have specific functions.
such s the accumulation of copper, have a fine structure
which distinguishes them from other midgut cells.

3. InsecTs AND VIRUSES.
(Division of Entomology.)

(@) Insect Tissue Culture—Considerable progress has
been made in the establishment of insect tissue culture
as a technique for use in virus studies. Media have been
improved so that it is possible to maintain some tissues
in culture for many months. A polyhedral virus disease
appeared spontaneously in a series of cell lines submitted
to sudden changes of media, whereas similar lines kept in
adequate media remained healthy.

(b) Viruses of Insects.—Exploratory work has been
started on several new diseases of insects. A granulosis
of caterpillars of a moth Doratifera, and a polyhedral
d'sease in larvae of an Emperor gum moth have both
been investigated. A very interesting disease showing a
relationship with Rickettsia melolonthae appeared in the
eucalyptus snout beetle, Gonipterus scutellatus. The dis-
covery of this disease may prove important economically,
for the snout bettle is still a serious pest of eucalypts in
some countries despite the importation of parasites from
Australia.

(c) Viruses of Plants—The importance of the virus
disease, subclover stunt, from northern New South Wales
to Tasmania and South Australia, has been increasingly
appreciated. The pathogen is a persistent virus and the
main vectar is Aphis craccivora. This aphid migrates
southward annually i great numbers from northern New
South Wales where it overwinters on burr medic and
ather forage plants. Infected burr medic remains a virus
source for long periods and thus provides a reservoir of
the virus during the winter. The majority of commercial
varieties of subterranean clover, including Mt. Barker and
Bacchus Marsh, are severely affected by the disease.
Approximately 340 strains of subterranean clover from
Australia and Europe have been examined for resistance to
this virus. Eight of these strains have shown some degres
of resistance. One of the resistant strains is Tallarook.
which has certain useful agronomic characteristics.

Efforts have been made to determine whether the maize
wallaby ear disease is caused by a virus or by the toxicity
of the saliva of the vector. An extensive trial with five
species of dodder failed to reveal any transmission by this
means.

4, POPULATION DYNAMICS.
(Division of Entomology.)

(a) Theoretical and Laboratory Studies—Laboratory
cultures of the Australian sheep blowfly (Lucilia cuprina)
have been held for long periods under both constant and
fluctuating conditions, ranging from highly favourable to
extremely adverse. It was found that the populations of
flies automatically accommodated themselves to all these

varied conditions, provided unfavourability was not
extreme. The resultant of such automatic accommodation
was the maintenance of the populations at, or fluctuating
about, particular levels of numbers. These were related
to the prevailing conditions, although numbers were often
higher when there was heavy mortality or low fertility than
under more favourable conditions. In addition, it was found
that the populations remained stable in spite of a profound
change in the properties of the flies, owing to natural selec-
tion in some cultures in which only minute guantities of
meaty food were provided for the adults. Flies of these
selected strains not only laid exceptionally large numbers
of eggs when given very little meat, but also laid eggs freely
when completely deprived of such food. That is to say, they
become adapted to live under coaditions far more adverse
than those to which the flies were subjected during the
period of selection.

(b) Field Studies—(i) Psyllid Investigations.—With
the object of supplementing the laboratory work discussed
above, field studies of the population dynamics of native
insects, particularly a species of Cardiaspina (Psyllidac)
were commenced several years ago. Outbreaks of this
insect consistently damage and destroy Eucalyptus blakelyi
over a large area of the Southern Tablelands.

Recently Cardiaspina numbers have increased very sub-
stantially in those areas in which they had previously per-
sisted at low levels for many generations. This increase
is associated with an unusually high percentage hyperpara-
sitism for such areas and with a very imperfect corre-
spondence in time between the life-cycles of the hosts and
parasites.

(ii) Eucalvpt Defoliating Insects—As a result of a
preliminary survey, two species have been selected for
detailed investigation. These are the sawfly Perga affinis
and the beetle Paropsis reticulata. Particular attention
Has been paid to the sawfly which, in 1957, was responsible
for severe defoliation of several important eucalypt species
over thousands of square miles in western New South
Wales and northern Victoria. This species has been present
in even greater numbers during 1958; thus an ideal oppor-
tunity is presented for the study of its population regulation
under outbreak conditions.

Considerable progress has been made in an investigation
of the ecology of the sawfly, and intensive field and
laboratory studies indicate that, within the total area of
distribution of the species, P. affinis occurs as a mosaic of
more or less discrete populations in which density fluctua-
tions occur independently. Information concerning
population regulation is being obtained by experimental
means; fer example, by the introduction of dense popula-
tions to areas of low natural density.

Comparable investigations have been made on the
ecology of Paropsis. This species differs from Perga in
that it does not fluctuate appreciably in numbers either in
space or in time, which suggests that its mechanism of
population regulation is of a rather different type.

(iii) The Gum Leaf Skeletonizer (Roeselia sp.).—A
population study of the moth Roeselia has been initiated
with the object of ascertaining the causes of its present
extensive outbreaks in the river red gum forests
(Eucalyptus camaldulensis) along the Murray River and
the possibilities of preventing such outbreaks. Many trees
in these valuable forests have already been defoliated com-
pletely and the outbreak shows no sign of diminishing.
This investigation is being undertaken with the cooperation
of the New South Wales Forestry Commission.

5. INSECT SYSTEMATICS.

(Division of Entomology.)
(a) Diptera—Some progress has been made on a
revision of the Calliphoridae or blowflies, and on certain

other groups, including some parasitic fliecs. Revisions of
the Pyrgotidae and Acroceridae have been completed,
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\b) Hymenoprera—This order includes many important
parasitic wasps, particulurly those of the superfamily
Chalcidoidea, on which sysiemaltic studies have been in
progress for several years. Special attention has been
given to the hymenopterous parasites of several groups of
insccts on which ecological or biologicul control investiga-
tions arc being carried out. Notable amongst these are
psyllids, aphids, sawflies, and the codling moth.

(¢) Lepidoptera—A revision of the pink bollworms of
cotton (Gelechiidae) and related species in Australia has
been completed. Further progress has been made with a
comprehensive reclassification of the Australian Tortricidae,
special attention being given (o the systemalic position and
relatives of two important pest species, the lucerne leaf
roller and the light-brown apple moth.

At the request of the State and Commonwealth
authorities responsible for the development of the rice
industry in the Northern Territory and the north of
Western Australia. a study of the taxonomy of the rice stem
borers (Schoenobiinae. Pyralidae) has been undertaken. At
least one species, not previously described, has been
responsible for considerable losses in rice crops in this
country.

(d) Scarabaeoidea—A tevision of the
(* Christmas beetles ") has been completed.

(¢) Acridoidea—Work is continuing on Volume IV. of
the monograph which is being prepared by an American
specialist on this group. As a result of a survey of the
locusts and grasshoppers in north-western Australia, further
valuable material for study has been collected.

(f) Psvilidee—A revision of the genus Cardiaspina,
with descriptions of new species, is being prepared in con-
nexion with field population studies on these insects.

Rutelinae

6. EcoLogy oF ORCHARD PESTS.
(Division of Entomology.)

(¢) Queensland Fruit Fly.—Studies on fruit fiy ecology
have been in in progress at the University of Sydney
(Department of Zoology) for several years, with financia!
support from the Rural Credits Development Fund.

Samples of fruit fly populations were obtained over
several years from Cairns, Brisbane, Sydney, and east
Gippsland for the purpose of comparing them in the
laboratory at Sydney, The object of this was to determine
how populations of Dacus tryoni have adapted themselves
to spread into areas with such widely different temperatures.
This work was completed in March, 1958. In general
terms, it was found that the more southern strains at all
stages were more resistant to both low and high tempera-
tures thun were strains from the more northern regions.
This was found to correlate well with the greater frequency
of extreme temperatures in the more southern regions.
A preliminary experiment to provide information on the
dispersal of adults has been carried out.

(h) Codling Moth.—The objective of this new investi-
getion is to improve control by relating the ecology of the
codling moth to that of the insects and mites with which
it is associated. Present work consists of: (i) a genc}ral
survey of the current situation in several fruit growing
centres of New South Wales; (ii) a preliminary investigation
of codling moth ecology in the Canberra area; (iii) a study
of the distribution of codling moth eggs in an orchard, as
a first step in the development of sampling methods on
which to base a quantitative study.

7. Locusts AND GRASSHOPPERS.
(Division of Entomology.)

(a) The Australian Plague Loctst—Preparations for
the Commonwealth-State trial in New South Wales of a
pmpnscd method of outhreak suppression, bﬁs?d upon
ecological considerations, have been advanced considerably.
So that a more comprehensive study could be made of the

population trends in the Bogan-Macquarie outbreak area,
the number of population assessment centres has been
increased from 27 (0 53. Assessments made in November,
February, and April showed that the locust population
density was well below critical levels,

The particulars of all properies lying within the out-
break area have now been recorded, and the work of
surveying the soil types and vegetation dominants has
continued. Under dircction of the committee of manage-
ment for the trial, officers of the Division have co-operated
with officers of the New South Wales Department of Agri-
culture in arranging to get more eflicient reports of locust
activity within the Bogan-Macquarie outbreak area.

(b) Solitary Grasshoppers—Phaulacridium viltatum
and Awustroicetes pusilla fluctuate between wider extremes
and maintain higher levels of population density in the
Southern Tablelands than other species of grasshopper.
The occurrence of peak populations of both species is
associated with relatively dry conditions between August
and the time of emergence of nymphs in Oclober or
November or with overgrazing. The outstanding charac-
teristic of P, vittarum is its sedentary habit. OQOutbreaks
of this species result from multiplication and survival in
many favourable places rather than the dispersal of
individuals from a few outbreak centres,

Recent work has shown that young nymphs of P.
vittatum, A. pusille, and Oedaleus australis * prefer™
areas of extremely low plant cover and that their popula-
tion densities in pastures are inversely related to the density
of plant cover. The introduction of subterranean clover
into native pastures and the selective grazing of areas by
shieep have resulted in a relatively high degree of
permanence of sites favourable to these species.

P. vittatum feeds predominantly on rosette-forming or
procumbeni species of plants which are inaccessible to
stock; but, under conditions of food shortage, it under-
takes short-distance migrations to the nearest green vegeta-
tion, usually trees, crops, or gardens, where it does
considerable damage,

(¢) Locusts and Grasshoppers of Northern Australia.—
During the autumn of 1958 a survey was made of locusts
and grasshoppers of the Kimberley region of north-western
Ausiralia. Little 1s known of the insects of this region.
The survey added greatly to knowledge of the distribution
of the economic species which cause damage to experi-
mental crops there. A sound knowledge of this insect
fauna will become increasingly important with the develop-
ment of northern Australia (see also Section 5 of this
Chapter).

8. PASTURE CATERPILLARS.
(Division of Entomology.)

As part of a study of the ecology of a series of cut-
worms and armyworms which attack native and sown
pastures and field crops in castern Australia, an experi-
mental study is being made of the environmental factors
inducing diapause in Agrotis infusa. Although the exist-
ence of a reproductive diapause has been demonstrated in
a high percentage of the migrating adults sampled in the
spring, the rearing of larvae in isolation or in crowds,
and the various conditions of constant temperature and
photoperiod so far tested, have failed to induce = com-
parable delay in reproductive maturation in laborarory
reared adults.

Economic damage by A. infusa in the winter of 1957
was slight, as was expected after an excessively dry
autumn. Subsequent spring migrations of adults were on
a reduced scale, and populations of aestivating moths at
‘Mount Gingera, Australian Capital Territory, were also
low. Relief rains in February produced a sudden minor
flush of pasture growth on the Southern Tablelands. This
was followed by at least one minor outbreak of A. infusa
Jarvae in early March, which is most unusual.



9. LUCERNE FLEA AND RED-LEGGED EARTH MITE.
(Division of Entomology.)

(a) Insecticidal Control—Aerial Application—A sur-
vey of the results of commercial aeroplane spraying opera-
tions against both pests revealed that control was either
excellent or satisfactory in 91 per cent. of treatments
against the lucerne flea, and in 99 per cent. of treatments
against the red-legged earth mite. The unsatisfactory
results appeared to be due principally to the use of equip-
ment producing very fine droplets (mostly less than 100,)
when a high proportion of the spray was lost in drift.

(h) Lucerne Flea Ecology.—Field observations in
several widely separated areas of Western Australia again
revealed an extremely high mortality of lucerne fleas in
populat'ons of high initial density. The cause of this
mortality was not determined. The possibility of its being
a pathogen is being investigated, for an efficient means
of transfer of discase organisms exists, as lucerne fleas cat
the decaying bodies of dead fleas.

Population density changes similar to but less violent
than those found in the field were produced in protected
plots where the only known difference between plots was in
the initial density of fleas. The smaller fluctuations were
probably due to the maintenance of a continuous moisture
supply and an almost complete pasture canopy. Labora-
tory and field studies revealed that there was little, if any,
difference in the fertility of fleas collected from areas of
different density.

10. CatTLE TICK.
(Division of Entomology.)
This work is reported in Chapter VIIL., Section 5.

11. SHEEP BLOWFLIES.
(Division of Entomology.)
This work is reported in Chapter VII., Section 20.

12. Insect PESTS OF STORED PrODUCTS.
(Division of Entomology.)

(a) Grain—Although laboratory studies of the effects
of oxygen depletion on insect pests of stored grain have
continued, the main emphasis of the work has shifted to an
investigation of the consequences of leakage of atmo-
spheric oxygen into a sealed silo. In commercial practice
even specially built silos are unlikely to be completely
air-tight and the effects of oxygen transfer require to be
determined.

Experiments are therefore in progress in which the
trends of insect population density may be followed under
conditions of controlled oxygen leakage. At the same time
the movement of oxygen through a mass of grain has
been investigated by measuring the coefficients of diffusion
of oxygen through bulk wheat, maize, barley, and oats.

The Wheat Industry Research Council has made a
special grant to be used for the construction of an experi-
mental air-tight silo. This silo will have two functions:
firstly, to provide facilities for a study of the performance
of air-tight storage on a large scale, and secondly, to
provide experience of this method of grain storage under
commercial conditions.

(h) Dried Fruits—Further assistance has been given
to the dried fruits industry following the successful intro-
duction last season of methyl bromide fumigation of fruit
arriving at the packing sheds. This season the industry
has agreed to the adoption of film spraying, with pyrethrum
in a non-volatile carrier oil, of all packed fruit in order to
protect it from infestation by the Indian meal moth, Plodia

interpunctella.

13. BrorocicaL CoNTROL.
(Division of Entomology.)

(a) Weed Problems. (i) St. John's Wort—Colonies
of chrysomelid beetles, collected from north-castern
Victoria, were liberated in the Batlow and Lobbs Hole
districts of New South Wales. An inspection made late
in 1957 showed that the gall-fly, Zeuxidiplosis giardi, was
well established in the field at Myrtleford, and was spread-
ing from the original liberation site.

(ii) Ragwort.—Mass breeding of Tyria jacobaeae was
supplemented by the importation of a small consignment
from England. Experiments in Gippsland have shown that
the climatic conditions there are suitable for all stages of
Tyria, and that, were it not attacked by natural enemies,
this species would be capable of increasing to densities
high enough to defoliate ragwort. Its principal enemies
appear to be the microorganisms which affect Tyria at high
densities and the predaceous scorpion fly, Harpobittacus
nigriceps.  Although defoliation by Tyria larvae did not
kill the ragwort plants, the production of seed from the
second crop of flowers was reduced to 12 per cent,

(iii) Noogoora Burr—Following a recommendation by
the Australian Agricultural Council that C.S.I.R.O. should
attempt to determine the probable effectiveness of Mecas
saturnina and Nupserha antennata in controlling Noogoora
burr if these insects should be liberated in Australia, an
officer has been appointed to investigate this problem.

Larvae of these two species were imported by the
Queensland Department of Lands late in 1957, and are
being held in quarantine. The factors involved in breaking
the diapause in the larvae are under investigation.

(b) Insect Problems. (i) Pests of Crucifers.—The most
important pests of crucifers are the cabbage moth
(Plutella  maculipennis), the cabbage white butterfly
(Pieris rapae), and the cabbage aphid (Brevicoryne
hrassicae). The biological control of these has been given
much attention in recent years, with considerable success
in the case of Plutella and Brevicoryne.

In the past year the possibility of using insect pathogens
has been considered. An extremely virulent virus disease
of Pieris has been discovered in the field. This has been
cultured in the laboratory and successful field experiments
have been conducted with it. A field search has also been
made for discases of Plutella. The most promising so far
discovered is a fungus disease.

(ii) Green Vegetable Bug—Bogosia antinorii, a
iachinid parasite of the adults and nymphs of Nezara, has
been imported from Africa during the year with the co-
operation of the Department of Agriculture, Kenya. An
attempt is being made to culture this species, and small
liberations have been made.

(iii) Brown Vegetable Weevil—Parasites of this weevil
have been imported from South America during the year.
These include Stomatomyia littoralis and various species
of Tersilochus (Porizon), all of them primary larval para-
sites. Liberations of Stomatomyia littoralis have been
made. The species of Tersilochus are being cultured, and
liberations of these have just begun.

Difficulties in maintaining the adults of Listroderes
successfully through the summer diapause have been over-
come.

(iv) Queensland Fruit Fly.—Early in 1958 an officer
was sent to Hawaii to collect and breed large numbers of
parasitic wasps (mostly species of Opius) for consignment
to Australia and direct release in the field. Only adult
parasites without host material are imported and these
are checked for identity under quarantine in Sydney. They
are then forwarded for liberation to a distributor travelling
in the coastal belt of Queensland and New South Wales,
between Cairns and Sydney.

Importaticns under this rcvised plan commenced in
mid March 1958. By mid May about 21,000 parasites
from Hawaii, supplemented by 20,000 reared at the Sydney
inscctary, had been released between Cairns and Ingham.
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_(¥) Wax Scales.—A survey has been completed of the
distribution of Ceroplastes rubens and C. destructor in
Australia. Further information about C. destructor and its
natural enemies has been obtained from institutions in
cast and south Africa. Colonies of both species have been
established in insectaries at Canberra, preparatory to the
troduction of parasites.

(vi) Diomus pumilio.—At the request of the Canadian
Department of Agriculture, consignments of the predator
Diomus pumilio have been sent to Canada for the control
of the balsam woolly aphid.

14, TErRMITES AND OTHER WOOD-DESTROYING INSECTS,
(Division of Entomology.)

(a) Termite Investigations.— (1) Laboratory Studies.—
A survey of the natural durability to termites of ten
Western Australian timbers has begun in co-operation
with the Western Australian Forests Department.

Investigations on the durability of teak (Tectona
grandis) lo termite attack have shown that resistance is
positively correlated with the age of the tree and extrac-
tive content.

Factors responsible for the natural resistance of black
bean and tallowwood were investigated in co-operation
with the School of Applied Chemistry, New South Wales
University of Technology, and the Division of Forest
Products.

A co-operative project with the Division of Forest
Products is designed to determine the efficiency of dip-
diffusion treatments for termite-proofing Pinus radiata
timber. Results to date suggest that some of the experi-
mental treatments are at least as effective as the available
pressure treatments.

(ii) Field Testing—Field tests of surface treatments
which have been in progress for three years have shown
that pentachlorophenol remains effective against Nasuti-
termes exitiosus, but other materials failed after two
years.

Tests of soil treatments for termite control are con-
tinuing: against N. exitiosus, lindane, chlordane. and
tetrachlorobenzene have so far given complete protection
for three years; agninst Coptotermes lacteus, dieldrin and
chlordane have so far given complete protection for four
years, and aldrin and tetrachlorobenzene for three years.
Similar tests against a termite complex in the Riverina
have shown that pentachlorophenol, sodium pentachloro-
phenate, chlordane, and creosote have so far given com-
plete protection for five years.

A survey of the termite hazard in the Weipa area of
Cape York Peninsula was made on behalf of the Com-
monwealth Aluminium Corporation. The very destructive
species Mastotermes darwiniensis is not present in the
area.

(iii) Termites in Forest Trees.—The intensity of ter-
mite attack on living hardwood trees in Australia is not
equalled in any other country. C. acinaciformis and C.
frenchi together cause more damage to living trees in
Australia than all other specics of termites. Porotermes
adamsoni causes much loss of timber in the alpine forest
areas of Victorin and New South Wales. Studies this
year have shown that one colony of C. acinaciformis in a
living tree can attack all other living trees within a radius
of 120 feet. Studies of the effects of killing such central
colonies are included in the current programme.

Research has continued on the effects of large colonies
of C. frenchi and C. acinaciformis on the conditions
within the living tree in which they are established.
Around the “ nursery  area of both species the tempera-
ture waus up to 40° F, higher than that of a sound tree
during winter, and 22° F. or less in mid-summer.

(h) Lyctus Investipations—Various surface ireatments
were tested for the prevention of Lyctus attack. After
two years' indoor weathering chlordane, lindane, aldrin,
and dieldrin are still completely eftective.

15. ANT INVESTIGATIONS.
(Division of Entomology.)

The Division continued to co-operate with the New
South Wales Department of Agriculture and local govern-
ment bodies in the Argentine ant eradication campaign in
Sydney.

The ant has been virtually eliminated in most of the
arcas treated so far, and although small infested areas are
still being discovered even as far afield as Woonona on
ll_le south coast and at Wentworthville, most of these have
either been treated or will be treated before next summer.

16, INSECTICIDE INVESTIGATIONS.
(Division of Entomology.)

Evidf:ncl: has been obtained that the resistance of
!muscﬂtes capable of dehydrochlorinating DDT s
increased by exposing them to sublethal concentrations of
DDT during the larval stage. As this implies individual
adaptation to DDT, a phenomenon not previously
recorded, new techniques are being developed to differen-
tiate between adaptive and selective effects of DDT during
the larval stage.

Variations in susceptibility with aging of insects have
been studigd. by using water-soluble insecticides applied
by a new injection method which promises to be rapid
and precise.

_Relationships between chemical structure and insecti-
cidal activity have been examined in two groups of com-
pounds, namely, volatile ketones and N-substituted amides
of long-chain fatty acids. The former compounds were
prepared at the Department of Applied Chemistry, New
South Wales University of Technology, and the latter by
the Division of Industrial Chemistry.

X. WILDLIFE,
1. GENERAL,

However well man’s community life may be developed,
wildlife in varying forms is always in close proximily and
may affect primary production and other human activities.
In Australia, wildlife problems range from that of the
rabbit, the country’s most serious pest, to the mutton bird,
on which a small but valuable local industry depends. The
Organization's Wildlife Survey Section scientifically studies
Australia's native and introduced wild creatures with a
view 1o their conservation where desirable or their popu-
lation control where necessary. The current research of
the Section is described in this Chapter.

Wildlife Survey Section.—The main research projects
of the Section have continued without change. New
ifnw:stigaliom have been initiated on the dingo and the

ox.

The close relation between the Section and the Antarctic
Division of the Department of External Affairs has con-
tinued; and it has again been possible to second a member
of the Section’s staff to the Australian National Antarctic
Research Expedition to carry out biological observations
on Macquarie Island.

The Section has published a detailed factual report on
the history and operation of the New Zealand rabbil
control scheme which has excited considerable interest in
Australia for some time, both in official circles and among
primary producers,

2. RABBIT INVESTIGATIONS.
(Wildlife Survey Section.)

(a) Myxomatosis—The Section’s research projects
relating to myxomatosis have now been rounded off, as it
had become apparent from the fizld studies carried out
in collaboration with Australisn National University
virologists that, although the disease would continue to be



a factor in preventing the build-up of high rabbit popula-
tions, its activity was unlikely to be affected significantly
by human intervention,

Field work on myxomatosis and iis insect vectors was
virtually confined to two areas, (i) New England and (it)
Colo Vale, in the coastal ranges of New South Wales. (The
sequence of annual summer outbreaks in the Lake Urana
study arca was broken in 1957-58, owing to the prevailing
drought, which resulted in an interruption of the study of
developing natural resistance.) The dry scason severely
restricted mosquito activity in the New England region,
no disease outbreak being recorded in any of the special
study areas, or the district roundabout. At Colo Vale an
extended low-intensity outbreak lasting from January until
late in May, resulted in a substantial reduction in the
local rabbit populations.

A study of the feeding habits of the local mosquitoes
has been continued at Colo Vale. Controlled comparisons
between human and rabbit baits have been run over
140 hr., on nineteen different evenings spread over all
seasons of the year. A total of 2,155 mosquitoes were
attracted to humans, and 167 to the bait rabbits, a ratio
of 13:1. Of the 35 species represented in the catches, all
were attracted to man, and twenty to rabbit. Fourteen of
these twenty species have been shown to feed on rabbits.

Work on the European rabbit flea (Spilopsyllus
cuniculi), which has been imported under quarantine in
the hope that it would provide a myxomatosis vector that
was not dependent on water for its breeding, has been
disappointing. The insect has been found, both in Britain
and Australia, to be the reverse of amenable to laboratory
culture. Five consignments of pupae have been recerved
from England, from which a total of 412 adults emerged.
A quarter of these were successfully established on wild
rabbiis held in the laboratory. Some of them survived up
to threec months, fed continuously, and were shown to have
mated; but no females succeeded in maturing eggs, despite
the manipulation of temperature and humidity to provide
conditions more closely approximating to the insecis
natural environment. The Department of Health has now
been approached for permission to breed the imsects out-
doors in a warren enclosure.

(b) Rabbit Biology and Behaviour.—Intensification of
the study of rabbit populations has been maintained in
enclosures under near-natural conditions, pilot trials having
indicated that this was the best way of obtaining desired
ecological data. Enclosures are currently being main-
tained at Canberra and on a grazing property near Albury.

The enclosure observations have revealed that rabbits
have a well-defined social behaviour, and develop within
their population a social hierarchy that has many important
implications, e.g. on the timing and efficiency of reproduc-
tion and dispersal. Particularly during the breeding season,
a rabbit population becomes subdivided and stabilized into
well-defined groups cach dominated by an individual buck.
Mating and conception follows a pattern which reflects the
hierarchical structure of the group; and reproductive
success, both among males (as measured by paternity) and
females (as measured by the number of young successfully
dropped and weaned within the season), is higher for
dominant than for subordinate individuals—overwhelm-
ingly so when population densities become high. Thus a
dominant doe in a Canberra enclosure littered nine times,
producing 57 kittens, during the year; and as some of these
kittens started breeding within the twelve months’ period,
her total offspring was 117. The corresponding figure for
a low-ranking doe was a total of ten offspring successfully
reared during the year, these being the product of early
litters dropped when the population pressure was low.

Litters are dropped according to well-pronounced
monthly rhythms, several of which may be superimposed
within the population as a whole. The synchronization of
sexual activity which makes these cycles obvious seems to
be in part the result of the rabbits’ social behaviour, and
in part initiated by environmental factors such as peaks in
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rainfall, possibly operating via pasture growth. At Albury
observations enabled the population data to be correlated
w:_th changes in nutritional value of the pasture; and
ewden;:c suggests that the animals’ nutritional plane may
be a factor of major importance in determining the rate
of conception, particularly at the beginning of the breeding
season. Reproduction does not occur under conditions of
food shortage but incipient or abortive rhythms can be
observed, with the males not responding to the females
that appear to be in oestrus.

At ll}c beginning of the breeding secason a considerable
reshuflling of the population takes place; and there is a
le%rge-scale dispersal of subdominant bucks that have been
cjected from the re-forming groups. Young females also
tend to be cast out, but these arc usually readily absorbed
by other groups.

'Il'hca enclosures have demeonstrated the nature and
l'aDIC_iity of pasture deterioration under steady rabbit
grazing. Selective feeding on clover burr during the
summer and on clover seedlings in the autumn leads to a
rapid elimination of clovers from the pasture; and the
general defoliation. in spring and autumn paves the way
for the invasion of broad-leaved weeds.

(c) Physiology and Parasitology.—A major advance in
the strategy or technique of rabbil control is most likely to
come through a better understanding of the animal’s basic
blplogy. During the year the Section’s investigations in
this field (which had been primarily ecological and
behavioural) were augmented by physiological studies.
Attention was first given to the problem of stress, now
widely recognized as an important factor in the regula-
tion of animal populations. It is now established that the
physiological symptoms of stress in an animal are the
same whatever the stressor agent employed, e.g. exposure
to low temperature, trauma, over-exertion, and injections
of adrenalin and certain other drugs. Exposure to intense
cold was the stressor agent employed in the laboratory
studies with wild rabbits; and it was found that the fall in
blood sugar was accompanied by a rise in blood urea,
showing that the rabbit was attempting to maintain blood
sugar levels at the expense of protein. It was also found
that the rabbit as a species was very resilient under stress,
and could acquire resistance to chronic stress of lesser
severity. Stress may be beneficial to a wild animal popu-
lation which has to survive adverse seasonal conditions.
The role of the adrenal cortex in the development of this
resistance to stress is Dbeing studied. The laboratory
restilts, which enable a reasonably accurate estimate to be
made of the ability of rabbits to withstand stress in the
field, are being used in an analysis of the mortality due to
stress of over-population in one of the enclosure popula-
tions at Albury.

Both the Albury and Canberra enclosures are being
used in zn investigation of the role of endoparasites in the
patural regulation of rabbit populations. So far the data
obtained have been Inconclusive. In the Canberra
enclosure (where the rabbits are worm-free) infestation
with intestinal coccidia (Eimeria spp.) has not revealed
itsclf as a mortality factor under conditions of normal
population density. In the Albury enclosures, the con-
ditions likely to provide the critical information in regard
to parasitic worms have not yet developed. Predation
by hawks and eagles has been the most important mortality
factor in the enclosures. At Canberra, approximately 60
per cent. of the kittens were lost owing to avian predation
and adverse climatic conditions.

(d) Rabbit Poisoning—Development of the investiga-
tions under this head has been interrupted owing to the
unexpected interest of the enclosure results, and the need
for extra help to carry out the rather laborious observations
involved. As a preliminary to an assessment of the value
of lures in rabbit poisoning, an attempt is being made to
determine the role of the rabbit’s sense of smell in the
location and selection of food. Results obtained to date
support the indications oblained from other enclosure



Experiments that scent plays a less important part in
br mging rabbits to food than is generally believed and that
the main value of lures or decoys often incorporated in
bfilts IS probably as an appetizer rather than a long-
distance attractant. Work on poisoning is being intensified,
and studies have commenced on the length of dangerous
“life™ of sodium fluoroacetate (“1080™) baits and on
bait preferences under varying seasonal conditions.

3. KANGAROO INVESTIGATIONS.
(Wildlife Survey Section.)

The investigation of the euro or hill kangaroo
(Macropus robustus) in north-western Australia is directed
towards an understanding of the nature of its com-
petition with sheep, its ability to thrive where sheep cannot
maintain themselves, an assessment of the part it has
played in the deterioration of the pasture in the Pilbara
district, and the need and possibility of local control.

Feeding trials suggest that the euro normally exisis on a
low-protein diet (and thus is probably adapted to marginal
habitats, even in the semi-desert country), and that as it
becomes dehydrated it eats less, so less water is required
to remove nitrogenous wastes. Euros are resistant (o
dehydration, and can live for long periods without water.
Three out of six euros confined in a waterless enclosure
survived for the three months, September, October, and
November. Individuals deprived of water can lose up
to 25 per cent. of their body weight without distress, most
of which is immediately replaced when water is made
available.

The Zoology Department of the University of Western
Australia is collaborating in a study of the euro’s physio-
logical adaptation to arid conditions, in connexion with
which blood and urine samples have been collected for
analysis and correlation with the seasonal changes in
environmental conditions. The protein and water content
of food plants that are seasonably available and selected
by the euros will also be determined. Wight observations
of marked animals have shown that the euro is, in the
main, a sedentary species—unlike the red kangaroo,
M. rufus. There should therefore be little danger that a
useful local reduction in numbers would be rapidly
neutralized by immigration. Despite the euros’ ability to
po without water for long periods, the animals can be
readily destroyed under favourable conditions by poisoning
water points,

A method developed for aging curos by tooth succession
is being applicd in an analysis of population structure, and
an estimation made of the birth rate and mortality rate
of the young.

4. Dinco INVESTIGATIONS.
(Wildlife Survey Section.)

An investigation of the dingo, Canis familiaris dingo,
was begun during the year. Initially, enquiries have been
restricted to the north-east of New South Wales, where
bonuses are paid annually on some thousands of scalps,
and they have been designed to clarify the real nature
and extert of the problem. The distribution of dingoes,
and of dingo losses among livestock, is being analysed in
relation to topography and land use, and the efficacy of
present control methods—including aerial baiting—is being
assessed.

5. Fox INVESTIGATIONS.
(Wildlife Survey Section.)

Work on the fox, Vulpes vulpes, also started during
1957-58. has been restricted so far to the regular collection
of fairly large samples (mostly from the Australian Capital
Territory) for the determination of food habits and the
relative importance of different kinds of animal prey, the
reproductive cycle, survival rate of the young, and the
prevalence of infections (such as mange) which might

play a part in natural control. The results will be analysed
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and published when they have covered a full round of the
seasor's. The extraordinary catholicity of the foxes' diet
and important dependence on insect food, which have
been revealed by studies carried out in other parts of the
world, have been confirmed.

6. MAGPIE GOOSE INVESTIGATIONS.
(Wildlife Survey Section.)

The major part of the study of the magpie goose,
Anseranas semipalmata, and its relationship to rice culti-
vation in the Northern Territory has been completed.
Owing to their nomadic habits which are related to the
changing availability of food and so to the flood cycle of
the plains, these birds move from the Adelaide River to
the South Alligator River each dry season and back in
the wet season, the latter coinciding with that for rice
growing. This movement would make their mass destruc-
tion in the Adelaide River area extremely difficult.

It has been shown that the birds have rather precise
requirements of water depth and density of vegetation for
breeding, and suitable areas are relatively restricted. Arti-
ficially induced increases or decreases in these factors have
climinated breeding colonies. The breeding colonies
studied on the Adelaide River confine their foraging activi-
tics to fairly restricted portions of the flood-plains around
the nesting areas.

The most direct and practicable approach to the goose
depredation problem would appear to be through water
control in the few breeding swamps in the Adelaide River
Valley, carried out along lines that would make them
unsuitable for nesting,

7. WiLp Duck INVESTIGATIONS.
(Wildlife Survey Section.)

The investigation into the food habits and breeding
requirements of certain species of wild ducks was con-
cluded for the erratic environment of inland New South
Wales, and a comparative study was begun for an environ-
ment with a regular rainfall. This work is based in Tas-
mania and is being carried out in conjunction with the
Fauna Board,

The movements of wild ducks have been extensively
studied throughout the year and approximately 20,000
have been banded in both inland and coastal New South
Wales, on the subcoastal plains of the Northern Territory,
and in Tasmania. The numerous returns indicate that in
1957 there was a great exodus of wild ducks from the
dry inland to waters lying in the coastal areas. The birds
concentrated here until the waters dried, when they dis-
persed once more.

8. MutTtoN BIRD INVESTIGATIONS.
(Wildlife Survey Section.)

The joint investigations with the Tasmanian Fauna
Board into the cconomic biology of the mutton bird, or
shori-tailed shearwater, Puffinus tenuirostris, were con-
tinued with an extensive period of field work in the Flin-
ders Island region, Tasmania, from mid November to May,
A marking programme, for comparative purposes, wis
again carried out at Goat Island, in the Nuyts Archipelage,
South Australia, at the north-westernmost fringe of the
spceeies’s breeding range. During the 1957-58 season
3,118 birds were banded, bringing the aggregate total for
this species to 23,439,

Three interesting recoveries of banded birds were
reported during the year. The first was a fledgling bird
banded at Goat Island in March, 1957, and captured
twelve wecks later in the Bering Sea. The second, also
recovered in the Bering Sea, was a three-year-old sexually
immature bird banded at Fisher Island. The third was 2
seven-year-old bird caught alive by a fisherman 36 miles
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south of Sydney on 30th October, 1957. It had been
marked as a fledgling on Chappell Island, in the Bass
Strait, and its recovery so far north along the cast Aus-
tralian coast indicates that the foraging range of these
birds during the breeding season is greater than was pre-
viously suspected, Thus far four marked birds have been
picked up in the north Pacific, between Japan and Alaska,
during the exodus migration from Australia.

During the last nesting season at Fisher Island
additional data were collected on the age at first breeding.
Evidence indicates that birds, once mated and with terri-
tory, breed annually.

9, MAGPIE INVESTIGATIONS.
(Wildlife Survey Section.)

The first phase of the population study of the magpie,
Gymaunorhina tibicen, is now complete. The most significant
finding was proof that territory holding by social groups,
which alone are able to breed, leads to prevention of
breeding by mature individuals which lack a territory,
The gonads of the latter do not develop fully. Study of
the social organization of non-breeding flocks has begun,
and dispersal from the Gungahlin study area of over 600
flock birds is being measured. After twelve months, most
of these are within three, and a few reach ten, miles from
the place of banding.

10. BIRD-BANDING SCHEME.
(Wildlife Survey Section.)

There has been a large increase in the numbers of birds
banded this year. With the appointment of an experi-
enced ornithologist as full-time secretary, the scheme is
expanding rapidly.

XI. UNDERDEVELOPED REGIONS.
1. GENERAL.

Owing to the geographic distribution of climate on the
Australian continent, areas of dense population are con-
centrated in a narrow bar.d round the eastern and southern
parts of the coast. Rural settlement has taken place in
the most accessible and easily developed parts of the
continent, and there remain large portions of Australia
and its territories which are underdeveloped, or only very
sparsely occupied, because of low rainfall, short growing
season, inadequate water, poor soils, or isolation.

If these are to be protected from over-exploitation, and
their full productive potential developed, it is necessary to
assess and understand the scientific problems associated
with such areas.

The Organization’s Division of Land Research and
Regional Survey is engaged in land surveys of the under-
developed regions to study their needs and potentialities.
The surveys provide a description of the lands of the
region, an assessment of the possibilities of land use, and
an analysis of the major problems which retard more
intensive development and warrant more detailed examina-
tion. The problems are of three main kinds: those of
dry-land agriculture, those of irrigated agriculture in the
dry morsoon zone of the far north, and those of the
pastoral areas of the inland lower-rainfall zones. To
further examine the initial findings of the surveys in these
fields, research centres have been established at Katherine,
Kimberley, and Alice Springs, and two specialist groups
are dealing with development and hydrology at head-
quarters.

In addition to the work of the Division of Land Research
and Regional Survey in the sparsely populated and semi-
arid regions of the continent, much complementary work
is also being carried out by other Divisions of the Organiza-
tion on the development of low producing areas in the
less isolated regions.

_ The Division of Biochemistry and General Nutrition is
investigating problems of plant and animal nutrition on
the Coonalpyn Downs in South Australia (see Chapter VI,
Section 11); the Division of Animal Health and Production
is breeding cattle at * Belmont ”, Rockhampton, Queens-
land (see Chapter V, Section 9); the Plant and Soils
Laboratory is studying the wallum country in eastern
Queer}smnd (see Chapter 111., Section 20); and the Division
of Soils is making soil surveys throughout the Common-
wealth (see Chapter 11.). Allied work is also carried out
by the Division of Plant Industry on plant and pasture
ecology (see Chapter 1IL).

Division of Land Research and Regional Survey—The
research of the Division has continued without major
modification this year. Arid zone research has been
extended with the appointment of an officer to study arid
zone hydrology., The three-year project on historical-
geographical studies of underdeveloped regions is now
reaching its final stages and reports are being prepared.

On the invitation of U.N.E.S.C.O. the Chief of the
Division participated in a symposium on Climate, Vegeta-
tion, and Rational Land Utilization in the Humid Tropics
held at the Ninth Pacific Science Congress at Bangkok.
The second Arid Zone Newsletter was issued by the Chief
of the Division in his capacity as arid zone research liaison
officer.

Aided by a grant from the Australian Meat Board, the
Division and the Northern Territory administration are
collaborating in an investigation of range seeding in central
Australia.

2. REGIONAL SURVEYS,
(Division of Land Research and Regional Survey.)

The two regional survey units of the Division have con-
tinued operations, one on the mainland of Australia and
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 arcas:
Katherine-Darwin (27,000 square miles), Barkly (120,000
square miles), Towrsville-Bowen (6,000 square miles), Ord-
Wictoria (70,000 square miles), Leichhardt-Gilbert (110,000
square miles), North Kimberley (34,000 square miles), and
Georaoina Poison Country (25,000 square miles). In
addition the Division has made preliminary examinations
of portions of the West Kimberleys suitable for irrigation
development (1952) and of the Wiluna-Meekatharra area
of Western Auwstralia (1955). The New Guinea unit was
established in 1953 at the request of the Department of
Territories, and has completed surveys of the Buna-
Kokoda area (2,500 square miles), the Wanigela-Cape
Vogel area (1,600 square miles), the Gogol-Upper Ramu
area (3,200 square miles), and the Goroka-Mount Hagen
area (3,600 square miles).

(@) Australian Mainland Survey Unit—(i) Alice
Springs Area—Field work in this area (145,000 square
miles) was completed in the period June-September, 1957,
The final aerial photograph interpretation has been com-
pleted, and preparation of maps of the land systems. land
use groups, geomorphology, geology, soils, and vegetation
has been commenced.

Although approximately half the area (mountains and
spinifex plains) is not stocked, the gross returns from cattle
exported from the area is more than half that of the
Northern Territory as a whole, On the stocked parts the
extensive system of grazing has produced an extremely
uneven pattern of pasture utilization. The tendency is for
small areas immediately adjacent to watering points to be
heavily overgrazed. Outside this, there is a zone of good
utilization, and beyond this a zone of poor or nil utilization,

The area is, and will remain, a pastoral one. There are
two main possibilities for increasing production: the
development of methods of utilizing and improving the
vast areas of spinifex plains, and the development of
methods ensuring a more even and complete utilization of
the present grazed country,
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In both cases it is very important to avoid over-
utilization. and consequent permanent degradation, of the
pastures, and accurate scientific standards of range con-
dition assessment are necessary.

Small areas of fodder production under irrigation may
become an important adjunct of the cattle industry. On
most properties it would probably be economic to produce
fodder to hand-feed the more valuable animals.

(ii) Cape York Peninsula—In October, two officers
made a preliminary examination of the agricultural possi-
bilities of the Weipa area. This will be followed by 4
full-scale regioral survey of the Cape York area in 1959-60,

(1ii) Historical Studies of Development in the Northern
Area and Monsoonal Lands.—This study provides infor-
mation on factors which influenced the history of develop-
ment. This information is useful in judging future land
use potentialities from the Division's regional surveys in
northern Australia.

This project is now in its final stages, field work having
been completed in the northern part of the Northern
Territory, the East Kimberleys, and the Barkly region. As
in Queensland, the dominant factors in settlement and
land utilization, other than Iand characteristics, were
geographic ones, isolation and climate, with land tenure
playing a minor role. Administrative policy is also an
important factor.

(b) Papua-New Guinea Survey Unit—From mid-June
to mid-October, 1957, an area of 3,600 square miles in
the Western and Eastern Highlands districts of New
Guinea (Goroka-Mount Hagen Area) was investigated in
the field, following preliminary interpretations of aerial
photographs.

The investigating party consisted of a highly mobile
team of geomorphologist, pedologist, and plant ecologist to
carry out the general reconnaissance survey, and a party
comprising a forest botanist and botanical collector are
making detailed studies of forest types in pre-selected areas.

The far better accessibility of this area for molor trans-
port in comparison with other parts of New Guinea, and
the longer duration of the survey, made it possible to collect
more detailed information from a larger area.

The area, ranging in altitude from 5,000 to 15,000 feet,
is of particular interest for the study of soils and vegeta-
tion at high elevations in the humid tropics. This study
is handicapped by the general youthfulness of the land-
forms and instability of the slopes, which impede the
development of mature residual soils, and by far-reaching
destruciion of the natural vegetation by indigenous peoples.
Geomorphologically the area is of great interest because
of its volcanic, tectonic, and glacial features, its remnants
of mature land forms at various levels, its unusual drain-
age pattern, and its alluvial terrace formations.

Of a total of 3,600 square miles, 2,050 square miles are
rough mountainous country and 800 square miles very
broken hilly country. Of the remaining 750 square miles,
200 square miles are strongly dissected and 150 square
miles very swampy or regularly flooded. There remains
an area of 500 square miles of land which could be readily
developed (and is in part already so), though most of it
is by no means ideal.

The area is heavily populated and most of the 320,000
natives live in mountainous or hilly areas. Some transfers
of population are desirable to attain maximum stable
utilization of the land resources.

3. AGRICULTURAL RESEARCH IN NORTHERN AUSTRALIA.
(Division of Land Research and Regional Survey.)

(a) Katherine Research Station—The Katherine
Research Station has two main functions: to examine the
possibility of establishing agriculture in that portion of
the area mapped by the Division’s survey as the Tipperary
Land System; and to serve as a type locality and centre for
the study of dry-land agriculture in the monsoonal zone of
northern Australia. The research programme has reached

the stage where the most likely components of arable
agriculture are evident. Studies are now being directed
towards long-term land use as well as individual crops,

(i) Crops—The season had a good start, followed by a
prolonged period of water stress which reduced crop yields,
and by late rains which damaged mature peanuts but
benefited cotton and late-sown peanuts and sorghum.
Promising new cotton varieties were tested.

(ii) Soil Types—Encouraging results have been obtained
from cropping trials on two sandy soils which differ
markedly in their internal drainage characteristics.

(iii) Land Preparation.—Sorghum responded to greater
depth of dry-land preparation than previously reported,
Ripping 1o 16 in. was superior to ploughing to 8 in.

(iv) Fertilizers.—The value of rock phosphate has been
shown as a substitute for superphosphate. The initial in-
feriority of rock phosphate is partly overcome by iis
superior long-term effect.

(v) Crop Rotation.—Although peanuts and cotton
yields have not declined in nine years of monoculture, soil
structure may have been affected, and long-term crop and
pasture rotation investigations into this question have been
commenced.

(vi) Pests and Diseases—Sorghum seed stored at 14
per cent. moisture content lost viability. Jassids have
become a serious factor in limiting the development of the
“top crop " of cotton bolls.

(vii) Native Pasture—Long-term trials are in progress
on grazing management and the influence of burning and
fertilizer are being studied. Cultivation and broadcast
superphosphate were beneficial for introduction of buffel
grass and Townsville lucerne, but pelleting of seed with
superphosphate reduced establishment,

(viii) Sown Pastures.—In the second year of an experi-
ment on the management of buffel grass and Townsville
lucerne, the proportion of legume in mixtures increased
with increasing distance between grass rows and increasing
frequency of cutting. In a fertilizer trial on Townsville
lucerne the species has proved an effective legume with a
fairly low but definite phosphate requirement, Establish-
ment trials with buffel grass showed dehulled seed to be
inferior to normal seed under most climatic conditions.

(ix) Annual Fodder Crops—Agronomic tests were
continued with fodder sorghum, sudan grass, bulrush
millet, cowpea, and guar. Millet outyielded all other crops
in dry matter and crude prolein yield.

(x) Beef Catile—In a repetition of the dry-season com-
parison between native pasture and buffel grass/ Townsville
lucerne pasture, the liveweight advantage of the sown
pasture was approximately 1% lb./head/day. The experi-
ment on phosphate supplementation and tick control for
cattle on native pasture in the wet season was repeated in
1957-58, with similar but less marked effects.

(xi) Nitrogen Cycle Investigations—Detailed sampling
of the top three inches of fallowed soil at the end of winter
revealed a nitrate peak at 2-1 inch, with marked decreases
to almost zero to both sides. Location of formation and
possible movement of nitrate is under study. Ammonia
supplied to the soil surface as ammonium sulphate oxidized
slowly in summer. Nitrogen uptake by plants and leaching
of soil nitrate are also being studied.

(h) Kimberley Research Station—The Kimberley
Research Station has a twofold objective. The immediate
aim is to determ ne if irrigated agriculture can be estab-
lished on the land which might be irrigated from the pro-
posed dam on the Ord River. The long-term objective is
to study irrigated agricullure in the tropical monsoonal
climate of northern Australia. The search for information
on potential crops has dominated the programme until
recently, but, as the information has accumulated, so the
more basic problems on the second objective have become
evident.
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(i) Rice—~Stem-borer damage during the past season
was negligible. 1t is impossible to judge how much of this
freedom from damage is due to seasonal conditions and
how much is due to the frequent use of the insecticide
endrin. Grain yields are the most satisfactory ever
achieved, bulk yields of approximately 4,000 Ib./acre and
small plot yields of 6,000 1b./acre having been obtained.

In preliminary studies on the importance of depth of
cultivation, water depth, and drainage there has been no
increase in grain yield from deep ripping as against shallow
ploughing; maintenance of a 6-in. depth of water instead
of 3-in.; and drainage of the bays for a period during the
vegetation growing stage.

Seeding of the pre-germinated seed into deep and shallow
water failed to pive a satisfactory plant stand in November-
December. Seceding on to mud was quite successful. The
seeding into water technique might be successful for the
dry season crops.

As the importance of temperature and day length sensi-
tivity in the selection of suitable varicties for dry-season
rice growing in northern Australia is realized, the effect
is being studied of time of planting on grain yield, spike-
let sterility, and maturation period of a range of varieties.
Some long-grained indica varieties are suitable for the dry
season,

Studies on placement and time of application of nitro-
gen have indicated that grain yield, resistance to lodging,
and time of onset of the yellowing and leaf tipping symp-
toms can be markedly influenced by these factors.

(ii) Cotton.—Fresh interest has been stimulated in this
crop, as a result of the good yields obtained in the past
three years. The best yield was obtained from a plot of
Oklahoma Triumph which gave the equivalent of 2,934 Ib.
seed cotton/acre. The variety Miller was the best variety
during the last season, and these high yields have been
attributed to better pest control resulting from the use
of endrin. In an experiment to verify this, severe foliage
damage, resulting in delayed boll setting and low yield,
occurred Lo cotton plants when endrin was used at low
dilutions.

(iii) Safflower—A further time-of-planting experiment
has confirmed earlier work and shows that May-June plant-
ings give higher grain yields, oil contents, and iodine num-
bers than July-August plantings. Mid May planting gave
approximately 2,000 Ib, ‘grain/acre. Yields fell off pro-
gressively with later plantings and a late August planting
gave only 50 lb. grain/acre. The poor yields of late
plantings are probably the result of high-temperature
induced sterility.

(iv) Animal Production.—In the past the emphasis in
animal work has been on producing irrigated pastures and
fodders for * topping off " cattle in the dry season. Those
grasses and legumes capable of persisting under irrigation
have all given much better production in the summer than
in the cooler dry season, when production has been very
low. Emphasis has now shifted to the better utilization
of natural pastures by management and by supplementary
feeding.

In a trial commenced in mid 1956 there has been little
response to supplements of phosphate, blood and bone
meal, or fodders and hay, but on rotationally grazed pas-
tures cattle weighing approximately 550 Ib. when first
included in the trial at eighteen months of age have
increased in the course of two years to approximately
1,000 1b. in live weight,

4, DEVELOPMENT STUDIES.
(Division of Land Research and Regional Survey.)

With the appointment of an officer to the Division who
will be concerned primarily with the overall development
possibilities of regions, the first area to be comprehen-
sively examined is the Ord River area.

Following an agreement with the Western Australian
Department of Agriculture, a compilation is being made
of the existing technical data, and it is being examined
in the light of economic factors in order to assess agricul-
tural and settlement possibilities of the Ord River Plain.
This will reveal the gaps in existing knowledge which must
be filled by work at the Kimberley Research Station
before more definite planning can commence. A plan is
being prepared for an irrigation scheme based on rice,
cotton, and sugar cane as the main cash crops.

3. CLiMATOLOGY. .
(Division of Land Research and Regional Survey.)

In most of the underdeveloped regions in Australia,
climatic factors are of primary importance in limiting
development and productivity. The Climatology Unit
has, as its main function, the study of climate-vegetation
relationships lo define and interpret the important ele-
ments of climate affecting plant growth and production.

The main investigations in progress are climate-vegeta-
tion studies of spinifex (Triodia basedowii) and mulga
(Acacia aneura) communities near Alice Springs. The
former has been in progress for over 12 months; the latter
has just commenced. Each study places special emphasis
on the water relationships of the community concerned,
so that the proportion of the rainfall which enters the soil,
and which is utilized by the plants, is measured and its
influence determined. Microclimate is also studied inten-
sively so that significant differences between macroclimate
and microclimate can be given quantitative expression and
the influence of microclimate on plant responses
determined.

In the spinifex experiment primary results to date have
been (i) that infiltration of water is markedly affected by
the spinifex tussocks, penetration under the tussocks being
much deeper than under adjacent bare areas, despite the
fact that the ground surface under the tussocks may be
several inches higher, (i) that the depth of soil visibly
wetted is observed to increase gradually but significantly
over a period of months, (iii) that little growth is made
by the vegetation in response to winter rains, but marked
growth occurs in spring as air and soil temperatures rise,
(iv) that even small falls of rain (0.25 in.) cause a measur-
able response in the vegetation in summer, (v) that there is
litile difference in macro- and microclimate except during
and shortly after periods of rainy weather, (vi) that sur-
face temperatures of exposed soil reach values of the
order of 70° C. on sunny days, and (vii) that dews are
rare except during or shortly after rain.

The mulga community is of special interest because it is
utilized much more extensively than spinifex for cattle
giazing, The primary study concerns the water balance
and microenvironment of a normal community and is
similar in concept and technique to the main spinifex
experiment. The influence of microrelief on the distribu-
tion of grove and intergrove areas in the mulga community
has been confirmed; this feature offers to depend on dif-
ferences in soil water penetration. A significant propor-
tion of the rainfall in the grove areas is intercepted by
the component trees of mulga and contributes to the sojl-
water reservoir through stem flow. The mulga community
is relatively inactive in winter, even when recharge of soil
water occurs. A subsidiary experiment involves retarding
surface water movement along small drainage lines in
mulga with the object of increasing water penetration into
the soil, and possibly reseeding exotic species into the more
favourable habitat so formed. While appreciable
increases in soil water can be achieved by this technique,
the total amount of water may still be inadequate to
enable successful reseeding to occur,
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6. HyDrOLOGY.
(Division of Land Research and Regional Survey.)

An officer has been appointed to undertake research in
arid zone hydrology. This work involves the investigation
of tt_se water balance of selected areas, to determine the
possibilities, in appropriate locations, of greater use of
surface flow by water spreading or of development of
shallow ground-water for local small-scale irrigation.

The first area selected for field work is in the Wiluna
area of Western Australia, where investigations are being
commenced in conjunction with Western Australian
Government Departments.

7. ARID ZoNE RESEARCH.
(Division of Land Research and Regional Survey.)

Research based at Alice Springs aims to increase the
productivity of native pastures by either improved hus-
bandry based on ecological understanding of the plant
communities or by improvement of the pasture by seeding
with either native or introduced species.

The former aspect is partly investigated by excluding
stock, but the examination of vegetation inside and out-
side fenced enclosures has not vielded information on the
effects of cattle grazing. This is largely due to good
winter rains which produced a dense sward of ephemeral
herbs which would mask any possible effects.

Reseeding exneriments have heen designed, and in con-
junction with the Regional Survev Unit a number of sites
were carefully selected for trials of methods of establishing
grasses. One experiment is in progress. and in this buffel
grass (Cenchrus cilioris) and the native grass Eragrostis
erionoda were sown in a spinifex (Triodia basedowii) com-
munitv on flat sand-plain in eight different seed-bed treat-
ments. Winter rains induced good germination of buffel
grass in treatments which produced a good seed-bed. e.a.
ploughing, burnine plus ploughing. Sinele furrows, either
in burnt or unburnt spinifex, do not appear to enhance
germination, hut accumulated water increases soil mois-
ture storage under the furrows two to threefold. Tn
untreated or lishtlv treated plots, germination occurs, but
is very noor. Tt is too early fo assess the degree of estab-
lishment of the sown grasses.

The course of natural regeneration of the sninifex com-
munity after treatment, especiallv burning, is also being
studied in this trial. The main effect to date is fire stimula-
tion of eermination of native species, especially the grass
Avristida hrevwniana, which is known to hecome dominant
in the first few years after a fire. Bcological study is being
made of large areas of spinifex accidently burnt at known
times.

Another experiment was conducted to compare quadrat
techniques for estimation of eround cover, including low-
level aerial photography. New methods of estimating dry
weight production are being developed which will allow
ﬂqltimates to be made without harvesting the plots them-
selves,

Pot fests, using oats as a test plant, have shown very
hieh responses to nitrogen and phosphorus fertilizers on
sninifex soil. Further tests are being conducted with the
nerennial buffel grass. The field trial therefore incornor-
ates a fertilizer treatment as a possible aid to esfablish-
ment of grasses.

For reseeding native pastures it is necessary first to
introduce and test many species and a nursery is being
developed for this. The majoritv of sowings in the
nursery area to date are unsuccessful owing to germina-
tion failures. Sowings are mainly of introduced species
and these will be resown where seed supplies permit, This
work demonstrates the difficulty of introducing new
species to the arid zone.

XII. FISHERIES AND OCEANOGRAPHY.
1. GENERAL.

The life of the sea has always been a main source of
food and other essential products available to man.
Being an island continent with readily accessible coastal
regions, the waters surrounding Australia could prove to
yield great wealth to the nation.

The Division of Fisheries and Oceanography studies
the aquatic resources of Australia, including whales, the
more important fish, and crustacea and shellfish, to ensure
their economic use and, where necessary, their manage-
ment to prevent depletion of stocks. Fundamental to this
study is an examination of the environment to ascertain
the variations in oceanographic conditions which affect
biological production and are to a large extent responsible
for fluctuations in fish occurrences,

The work of the Division is described in this Chapter.

Division of Fisheries and Oceanography.—There has
been no modification in the emphasis of the work of the
Division during the year.

In order to study the behaviour patterns of commercial
fish, an experimental aquarium has been built on the
water front at Cronulla, and the salt water supply system
at the Laboratory has been modified accordingly.

A laboratory for biological and hydrological work has
been established at Eden and two officers have been
stationed there.

A Kelvin Hughes Fisherman’s Asdic was recently
installed aboard F.R.V. Marelda. This instrument is to
be used for fish detection and particularly as an aid to
the interpretation of the distribution of tuna.

The Chief of the Division, Dr. G. F. Humphrey, visited
Britain, Europe, Africa, and Madagascar in August-
November to recruit staff. During his absence, Dr. J. M.
Thompson was Acting Chief of the Division.

The twelfth School in Marine Biology was held at
the Laboratory at Cronulla in June 1958. Thirty-three
students and staff were present from the Zoology and
Biochemistry Departments of the Universities of Adelaide,
Melbourne, New England, and Sydney.

The Royal Australian Navy provided funds for research
on marine fouling, and allowed Divisional officers to
accompany vessels on three occasions.

2. OPERATIONS OF RESEARCH VESSELS.
(Division of Fisheries and Oceanography.)

(a) F.R.V. Derwent Hunter—This vessel carried out
twenty cruises. Ten were concerned with the collection
of data on the hydrological structure and water mass
composition of the East Australian Current. Seven
cruises were concerned with the measurement of carbon
dioxide uptake by the *C method. Light penetration
was also measured at these stations. Three cruises were
concerned with tuna long-lining. The results of all tuna
long-lining carried out from the Derwent Hunter, when
correlated with hydrology data collected simultaneously
with fishing, strongly indicate that the distribution of
southern bluefin tuna is related to water mass composition.

(b) F.R.V. Gahleru.—This vessel completed 26 cruises
to Queensland and Northern Territory pearling grounds.
They were mostly of short duration, the longest being
eighteen days.

(c¢) F.R.V. Marelda—The tuna research programme
was changed from a general oceanic investigation to a
study of a restricted area of the south coast of New South
Wales. This was done from F.R.V. Marelda, based at
Eden. Forty-two traverses up to 24 miles offshore in an
east-north-easterly direction were made and data were
collected to depths of 500 m, at six stations on each
traverse. More than 1,000 tuna trolled were measured
and 267 were tagged.
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(d) F.R.V. Jay Bee.—The 50 m. and 100 m. stations
off Port Hacking were occupied once each week for
regular oceanographic observations, On eight days during
the year sampling from dawn to dark was arranged at the
100 m. station off Port Hacking so that measurements of
carbon dioxide uptake could be made by the *C method.

3. FisHERIES BioLogy.
(Division of Fisheries and Oceanography.)

(@) Whales—Material for whale research was collected
from all Australian whaling stations during the winter and
spring of 1957. Totals of over 800 ear plugs, 650 pairs
of ovaries, and 1,200 samples of baleen were collected.
Some material was collected from sperm whales taken in
the vicinity of Albany, Western Australia, after the close
of the humpback season.

An analysis and report have been made of the catch
returns and some of the material collected. On the
western coast of Australia the composition of the catch
made at Carnarvon in 1957 was less favourable than in
the previous two years. At Albany the catching rate has
declined very considerably since 1955 and the quota was
not filled in 1957. Poorer weather conditions along the
western coast in 1957 may have had some effect, but the
stock of humpback whales hunted on the Western coast
is continuing to decline. Humpback stocks on the eastern
coast of Australia and at Norfolk Island continue in sound
condition.

Marking of humpback whales was continued in 1957,
101 marks being fired into whales on the western coast,
72 along the eastern coast, and three near Norfolk Island.
Two marks were recovered at Carnarvon, one from a
whale marked in Shark Bay two years carlier, and the
other from a whale marked in the same Antarctic sector
two and a half years before. Cne mark, fired into a
whale off Moreton Island in 1935, was recovered at
Tangalooma in 1957, while another whale marked near
Moreton Island in 1956 was shot in Cook’s Strait, New
Zealand. in 1957. '

(h) Sea Fish—(i) Barracouta (Thyrsites atun).—
Catch records from all State Fisheries Departments have
been compiled and analysed. Otoliths have been
examined and the results will be used for age determina-
tion studies. A grant has been obtained from the Inter-
departmental Trust Fund for Fisheries Development for
the construction of a vessel for barracouta research.

(ii) Trawl Fish.—Investigation of the Lakes Entrance
fishery for flathead is complete, The stocks of tiger
flathead in that area are not independent of those of the
southern New South Wales coast.

(iii) Flounder (Rhombosolea tapirina).—The results of
research on the greenback flounder (Rhombosolea
tapirina) of Victoria and Tasmania have been prepared
for publication. The yearly commercial catch in Victoria
has varied from 100,000 to 150,000 Ib. from 1948 to
1955 and in Tasmania from 60,000 1b. in 1947 to 18,000
Ib. in 1956. The female fish reach maturity in their third
year at a length of 24 cm. Spawning takes place over an
extended period from April to October with a peak in
August. The growth rate of this species is slow during
winter (May-August) and accelerated from Wovember to
February, Four-year fish average 30 cm. in length. Two
populations of subspecific rank were separated on a study
of meristic differences.

(iv) Tuna—Research was changed from a general
oceanic investigation of southern bluefin tuna to a study
of a restricted area of the south coast of New South
Wales. F.R.V. Marelda is now used exclusively for this
programme and is stationed at Eden.

All evidence indicates that the southern bluefin tuna
are randomly distributed within a particular water mass,
but numbers congregate where the following factors
operate: vertical mixing between the Sub-Antarctic and

central Tasman water masses, and shear zones apparently
caused by two ocean currents moving in opposite directions.
In the open ocean, regions exhibiting these features can
be determined from the observation of temperature
“ fronts ” indicated by either a sudden rise or a fall shown
on a surface temperature thermograph.

Remarkably few surface schools of tuna were sighted
during the tuna scason in the Eden area, They did not
appear south of Tathra (about 24 miles north of Eden)
where a current of some magnitude, during the tuna
scason, moved away from the coast in an E.S.E. direction.
It was in the area to the north of this current that most
of the 1957-58 commercial catch of tuna was taken.
Subsequently, with the rapid summer change in environ-
ment noted above, the tuna retreated south, appearing in
the region of Lakes Entrance, Victoria. The commercial
catch of tuna in Australian waters was 1,450 tons, the
largest catch yet taken.

From October to January, 267 small (5-8 1b.) southern
bluefin tuna were marked with tags consisting of a small
silver dart head and a plastic tube tail, containing a tape
with a number and a request to return the tag to the
Division. These tags were inserted behind the second
dorsal fin, and records were kept of the length and weight
of each tagged fish.

(v) School Shark (Galeorhinus australis).—The catch
statistics for school sharks caught in Australian waters were
compiled and prepared in a manuscript, “ The status of
the school shark fishery in south-eastern Australian
waters ", The recorded commercial catch of school shark
for 1956 was 1,416,968 1b. in Victoria, 236,496 Ib. in
Tasmania, and 1,530,683 Ib. in South Australia, Twenty-
seven internal tags were recovered; of these four had been
free since 1949, six since 1950, ten since 1951, two since
1952, two since 1953, one since 1955, and two since 1956.

(c¢) Estwarine Fish—(i) Lake Macquarie Studies.—
Most of the year has been occupied with an analysis of the
Lake Macquarie data. The commercial fish catch suggests
that a real drop in abundance of several species occurred
in the years 1945-1953 which was the period during
which allegations of depletion of the stocks in the lake
were made., The drop was not general to New South
Wales, and as a considerable amount of interchange of
most estuarine species goes on from estuary to estuary,
the state of the fish stock may have resulted from somse
conditions peculiar to Lake Macquarie.

The events occurred before the Division's investigations
began, but the ecological studies suggest that when rainfall
is heavy and prolonged the narrow entrance channel with
its shallow sill into the lake prevents any rapid dispersion
of the fresh water. Under such conditions in 1955 and
1956, stratification of the water occurred and was accom-
panied by marked diminution of the oxygen content of the
saline lower strata. Rainfall records for the district show
that in 1945 rainfall was heavier and more prolonged than
in 1955 and 1956, and under such conditions lower strata
may have undergone deoxygenation to a critical Ievel.
Such conditions would result in the death of the inactive
forms of life. The algal-feeding luderick and mullet had
recovered their abundance by 1951, but the predominantly
carnivorous whiting, bream, and flathead had not recovered
by 1956, since the plants would recover more rapidly than
the animals of the benthos.

Repetition of the conditions of prolonged heavy rainfall
may again influence the fish stocks in the same way.,

(ii) Western Australian Estuarine Fish—A study of
the breeding seasons and size at maturity of eighteen
estuarine-inhabiting species of fish was completed, Suffi-
cient data to indicate the complete cycle were available for
eight species only. It is assumed that because no mature
or necar-mature fish of the other ten species were taken in
the estuaries, and in some cases because mature specimens
have been taken outside the estuaries, the late gonad
maturation and spawning of these species occur in sea-
water,



Black bream spawn from late winter to spring, cobbler
and slii‘pjuck in spring, and garfish and Perth herring over
lh_c spring and summer; flathead, sand whiting, and yellow
tail are summer spawners, and yellow-eye mullet and sea
muIle% spawn in the winter. Fecundity ranges from 700
eggs . small cobbler to over 2,000,000 in sea mullet.
The fishes examined matured in 2-4 years.

(d) Freshwater Fish.—(i) Trout Investigations.—The
preparation of the results for publication contizues. The
first four papers have been published, or accepted for
publication, and a general account for anglers has appeared
in a Fisheries Circular.

Scale reading for the next paper in this series, the fishery
of the southern region, has been carried on continuously
sirce November, 1957, and is nearly complete.

(ii) Fish Culture—The results of experimental work
on farmers’ dams in Tasmania and studies of the biology
of tench have been prepared for publication.

(e) Crustacea and Shellfish—(i) Western Crayfish
(Panulirus longipes)—The fishery for crayfish at each of
the island groups of the Houtman Abrolhos has been
described in papers for publication. The production
figures for the whole of the Western Australian crayfish
catch from 1954 have been compiled, analysed, and dis-
cussed. The commercial production for 1957 was
11,830,000 Ib., from 9,930,000 cravfish at a market value
of £1,970,000.

(ii) Souwthern Crayfish (Jasus lalandii).—To collect
phyllosoma larvae in the Port Arthur area in Tasmania
three paired horizontal and vertical plankton hauls were
made weekly from late October to the end of January.
About seventeen specimens of the puerulus stage (0-- year)
of the southern crayfish were obtained in July, 1957.
Supplies of the juvenile stage were located at Hobart and
Triahunna.

Crayfish have been tagged at Cape Sorell. Five different
punch tag marks were used for the various size ranges.
Between 1956 and 1958 more than 3,000 crayfish were
marked and 66 have been recovered. Of those recovered
in the Cape Sorell area, 75 per cent. showed a mean
increase in length of 1 cm. for sizes as much as 3 cm.
below the minimum legal size.

(iii) Pearl Oysters (Pinctada spp.) —Growth rate—25
cruise to Groote Eylandt in MNovember, 1957, revealc.|
that the 1,000 tagged oysters planted the previous year
had all been removed in commercial operations. Confirma-
tion of growth rates reduced from other data has yet to b=
obtained, Tests have been made with the nylon rope
method of hanging shell from rafts ard indications are
that growth rate is maximal,

A preliminary analysis of part of several years’ monthly
samples of gonads from three Queensland localities has
been made. The main findings are: a secular change in
gonad volume has been detected in Mainland Ground
material extending over three years; young oysters have
a lower proportional gonad volume at spawning than older
oysters; two peaks of gonad development are indicated,
one in September-October and the other in February-
March; there are slight differences in spawning times
between different localities.

Reproduction in Pinctada margaritifera and P. fucata.—
Regular monthly gonad samples of P. margaritifera and
P. fucata were sectioned and examined, and the results
prepared for publication. At first maturity, oysters are
predominantly male and the rate of sex change from male
to female exceeds that in the reverse direction until middle
age by which time the sexes are equally common.

P. albina and P. fucata become sexually mature and
spawn within six months of spat settlement and frequently
gpawn again towards the end of the first year. P. mar-
saritifera is a late maturing species reaching sexual
maturity in the second year,

In the pearl culture investigations, collection of gonads
has continued for spawning observations, and artificial
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fertilizations have been carried out by using the ripest of
the gonads available. S. Wada's ammonia technique has
been adopted as a standard procedure.

It has been found that there is a cycle in the fertiliza-
bility of eggs, and two peaks have been found, in Sep-
tember and in February.

During his visit in February and March to Thursday
Island, Dr. Wada obtained 98 per cent. fertilization in some
experiments, but this was by using high concentrations of
ammonia, and subsequent development resulted in low
numbers of healthy D larvae. One such fertilization which
gave 50 per cent. cleavage resulted in D larvae which lived
for 34 days and reached an average size of about 125.
These were fed on Dunaliella, but growth almost ceased
after fifteen days.

Pearl culture investigations reached completion when
culture specimens prepared twelve months ago were
brought in for examination. The deposition of nacre was
particularly satisfactory, and showed that half pearls
would reach marketable quality in twelve months, and
graft pearls in two years,

(iv) Scallops—A number of 0-- scallops were
measured for growth rate studies. The number of striae
formed during the first year is relatively constant and the
first growth ring on the scallop shell is not laid down until
its second year.

Underwater observations to 50 feet were made in April,
1958, on scallop beds in Norfolk Bay. Catches made dur-
ing these trials from the lower half of the D'Entrecasteaux
Channel indicated that there had been a good spatfall in
1957, the adults of which will come into the fishery before
the 1953 brood stocks are exhausted.

(v) Oysters—Sydney rock oysters (Crassostrea com-
mercialis) —During the winter of 1957 there were no
serious outbreaks of winter mortality.

Pacific oysters (Crassostrea gigas).—Only a few spat
have been located so far in Mallacoota, Victoria, but in
Port Sorell on the northern coast of Tasmania, a bed has
been discovered about seven miles from the parent stock
set out by the Division in 1954, This bed contains stock
of three distinct size groups, which indicates successful
spatfall during the last three summers, Spat were deposited
in Port Sorell, and others were carried along the coast in
larval form and have settled successfully in the Mersey
River, the next waterway to the west of Port Sorell,

4, TaxoNOoMY AND EMBRYOLOGY.
(Division of Fisheries and Oceanography.)

The reference catalogue of Australian fish has been kept
up to date from current literature. A further twelve
numbers of the illustrated handbook of Australian fishes
have been published as monthly supplements of the
Fisheries Newsletter. The check-list of New Guinea fishes
is now being printed. This lists 1,429 species from the
region and incorporates a list of the fishes taken during
1948-50 by F.R.V. Fairwind.

5. HYDROLOGY,
(Division of Fisheries and Oceanography.)

(a) Oceanic—Studies on the East Australian current
made from F.R.V. Derwent Hunter show an unexpected
degree of easterly movement. The surface oxygen con-
tent of the faster moving sections of the current in general
was below saturation.

Surface sampling was maintained from M.V.'s Malaita
and Tulagi in the Coral Sea and the northern Tasman
Sea, from T.S.M.V. Wanganella in the Tasman Sea
between Sydney and New Zealand, and from T.S.S.
Taroona, M.V. lillian Crouch, S.S. Century, and S.S.
Talune in Bass Strait,




In March-April, 1958, sampling to 1,000 m. was carried
out from H.M.A.S. Queenborough in the region Sydney-
Brisbane-Noumea-New Zealand. Fifty-nine bathythermo-
graph and surface sampling stations and twenty stations to
1,000 m. were worked.

From H.M.A.S. Warrego in April, 1958, twelve vertical
stations, including five to 500 m., were worked in the
western Coral Sea and through the Arafura Sea to Darwin.

(b) Coastal—Monthly coastal stations for the study
of long-term trends were maintained along the New South
Wales and Tasmanian coasts. Drift card releases at all
coastal stations were continued and results from recaptures
were published.

6. PHYSICAL OCEANOGRAPHY.
(Division of Fisheries and Oceanography.)

Sea trials of an instrument for recording temperature,
chlorinity, and depth were concluded during the year. The
accuracy of the instrument is temperature -0.15° C,
chlorinity +0.03°/ .

As part of the Division's contribution to the Inter-
national Geophysical Year (I.G.Y.), monthly mean sea-
levels from a number of ports on the Australian coast and
adjacent islands are being collected and sent to world data
centres.

The calculation of surface currents and volume trans-
ports off Sydney has been continued. By using the data
from two lines of stations about 60 miles apart, the move-
ment of water normal to the coastline, as well as parallel
to it, can be calculated.

7. PRODUCTIVITY.
(Division of Fisheries and Oceanography.)

Seven cruises by F.R.V. Derwent Hunter made measure-
ments of carbon dioxide uptake by the MC method with
incubation both im site and in a light bath on samples
from 0, 25, 50, and 100 m. from three stations 25, 70, and
120 miles east of Port Hacking. A similar programme was
commenced by F.R.V., Jay Bee at the Port Hacking onshore
50 m. and 100 m. stations in conjunction with programmes
of plankton pigment concentration.

Some new equipment has been designed to improve
the C method. These include a special filtration appara-
tus for the samplers already designed, improvements in the
sealing mechanism of the samplers, and two light baths.
The C equipment designed by this Division is now being
produced commercially and has been supplied to the
Institut Frangais d'Océanie in Noumea.

In March-April, 1958, during the joint I.G.Y, cruises
of H.M.A.S. Queenborough and Quickmatch, carbon
dioxide uptake measurements by the C method, pigment
concentrations, and light penetration measurements were
made from the Quickmatch on lines of stations on the
courses Brisbane-Noumea, Noumea-Auckland, and Wel-
lington-Sydney.

8. ZOOPLANKOTOLOGY.
(Division of Fisheries and Oceanography.)

(a) Bass Strait—In the final barracouta cruise by
F.R.V. Derwent Hunter in Bass Strait in May, 1957,
greatest abundance of zooplankton was not around the
periphery of this offshore invasion as in November, 1956,
but was further to the south-east.

(h) Port Hacking—Regular collections off Port Hack-
ing at the 100 m, station were continued until December,
1957. The spring salp swarm was even smaller than that
of the previous year, and the summer peak of abundance
was approached carlier in the season.

{¢) Oceanic—Zooplankton was collected on four of the
cruises by F.R.V. Derwent Hunter concerned with a study
of the East Australian Current. Results show an abun-
dance of zooplankion on the continental slope, with a
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sharp decrease further offshore. When the East Austra-
lian Current is flowing strongly to the south, there is
marked increase in both numbers of species and quantity
of zooplankton at its western boundary with a gradual
decrease towards its eastern boundary.

(d) Tuna Cruises—Cruise DH2/57 in March-April
traversed a line from Sydney to eastern Tasmania. A
thcl:mocline at 60-70 m. was present at a number of
stations and zooplankton was virtually absent below this
thermocline; this is unusual in the open ocean. Cruise
DHI12/57 examined the waters off south-east New South
Wales, A large tongue of warm water containing abund-
ant zooplankton was located between latitude 34° S. and
36° 30" S.

9. MARINE FOULING.
(Division of Fisheries and Oceanography.)

Investigations on methods of rearing larvae of marine
fouling organisms to the settling stage were continued, and
particular attention was given to the problem of providing
sufficient food for mass cultures of barnacle, tubeworm,
mussel, and oyster larvae, A nomber of diatoms, algae,
and flagellates have been grown in culture and tested.

The tubeworm Hydroides norvegica Gunnerus was
raised to the settling stage in nine-ten days at 20° C. by
using the green flagellate Dunaliella terteolecta. The
larvae did not show the * searching ” behaviour prior to
setiling that has been observed in other fouling larvae.
The settling and some experimental reactions of the
bryozoan larvae Watersipora cucullata (Busk) were
observed.

Tests to measure the macrofouling settling intensity
during antifouling paint trials were examined statistically.
It was concluded that, provided the control plates were
placed at the same station and depth, facing the same way,
and 5-10 feet apart horizontally from the experimental
plates, an assessment of the intensity of fouling could be
made.

Observations were commenced on the behaviour of
larvae when they encounter an antifouling surface. Tt

was found that more larvae seitled when the test surface
was vertical,

10. PHYTOPLANKTON.
(Division of Fisheries and Oceanography.)

A method has been devised and tested for counting and
differentiating phytoplankton at sea. This involves col-
lecting 5-litre samples in a plastic sampler, centrifuging
at 18,000 r.p.m., resuspending the sediment, and counting
an aliquot by using autofiuorescence and induced fluores-
cence with acridine orange.

11. BIOCHEMISTRY.
(Division of Fisheries and Oceanography.)

In January, a laboratory was equipped and an investi-
gation commenced on the determination and function of
marine pigments. Weekly collections of water have been
made at the 50 and 100 m. stations off Port Hacking and
other collections during cruises of the F.R.V. Derwent
Hunter and HM.A.S. Quickmatch.

XIII. FOOD.
1. GENERAL.

With the steady improvement of methods of transporta-
tion, all forms of food are being conveyed greater
distances between producer and consumer; and the pre-
servation of even the more perishable foods is assuming
increasing importance. As a major food producing coun:
try situated great distances from the main food importing
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centres, and with a very considerable geographical prob-
lem of its own, Australia has a special interest in the
preservation of food during transport;

The Organization’s work on food is undertaken chiefly
within the Division of Food Preservation and Transport
with its main laboratories at Homebush. New South
Wales, and branch laboratories at Brisbane (meat); West
Gosford, New South Wales (citrus fruits); Hobart (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 is carried
out by the Dairy Research Section at Highett, Victoria
(see Section 12 of this Chapter).

Work on dried vine fruits is in progress at the Com-
monwealth Research Station (Murray Irrigation Areas),
Merbein, Victoria (see Section 13 of this Chapter).

Division of Food Preservation and Transport.—The
Chief of the Division, Dr. J. R. Vickery, was invited by
the British Ministry of Agriculture, Fisheries, and Food,
to examine and report on proposals which have been
made for the extension and development of research on
meat in Britain. He spent approximately five months in
Britain (January-June., 1958) on this task. During his
absence, Mr. E. W. Hicks was Acting Chief of the
Division.

One of the new co-operative projects initiated during the
year was a three-year investigation of levels of fruit spray
residues and their removal, begun jointly with the New
South Wales Department of Agriculture and financed
by a special Commonwealth grant with assistance from
other bodies.

Dairy Research Section—The research programmes of
the Section have continued in the pattern of previous years,
major activities including: development of food products
from milk, investigation of flavour chemistry of dairy pro-
ducts, packaging of cheese, mechanizing cheese manufac-
ture, and better understanding of milk proteins,

The Section suffered a great loss by the death of Dr.
K. Kumetat.

The cheese curd fusing machine on which the Organiza-
tion has filed patent applications both in Australia and
overseas was completed and put through successful trials,
and could be the first effective attempt to completely
mechanize cheese manufacture.

2. PHysIcs.
(Division of Food Preservation and Transport.)

(@) Rail Transport.—Further work on the fan car
built by the Queensland Railways has been carried out in
collaboration with the Division of Horticulture, Queens-
land Department of Agriculture and Stock. Its perform-
ance has been studied when loaded completely with warm
produce, and information has been obtained to assist in
planning the most satisfactory stowage methods for the
mixed loads which are commonly carried in it.

(b) Canning Processes—Work has continued actively
on several aspects of the theory of canning processes and
practical techniques for evaluating the adequacy of par-
ticular processes from the point of view of sterilization
of packs.

Studies of the effect of the variation with temperature
of the thermal properties of food packs on the form of
heating and cooling curves have been completed.

Improvements in experimental techniques have per-
mitted satisfactory completion of work on the errors intro-
duced into measurements of temperatures in cans during
processing by conduction of heat along the thermocouples
used for measuring the temperatures. The requirements
for nccurate measurements during the early stages of cool-
ing are much more stringent than those for precise deter-
mination of the properties of heating curves which are
required for process calculations.

The estimation of the contribution of the cooling phase
to the sterilizing value of a process is more difficult than
that of the heating phase, The conventional methods for
evaluating the cooling phase are not as soundly based as
is desirable. A detailed study of the cooling of packs
which heat by conduction is in progress. Under certain
circumstances, there may be some movement of product
within the cans during the early stages of cooling although
the heating is purely by conduction, at least during that
part of the heating phase in which there is significant
destruction of bacterial spores.

Progress has been made with an assessment of the un-
certainties in estimates of the sterilizing value of a process
arising from various causes but more work is needed.

Contributions have been made to the mathematical
theory of process evaluation.

(¢) Water Relations—Measurements on the water
relations of foodstuffs have been continued. Because of
interest in published data on the amount of water which
remains unfrozen in foodstuffs containing proteins, samples
of dried beef prepared by freeze drying are being equi-
librated with ice at 0° F. to determine the equilibrium
water content.

(d) Colour Measurement—A study of the colorimetric
data obtained on tomato purées has shown that it may be
possible to grade the product according to colour by
measuring the reflectance at three selected wavelengths.

(e) Freeze Drying—Equipment for drying concen-
trated sugar solutions has been constructed and tested, for
routine drying of products for non-enzymatic browning
studies.

3. Foon CHEMISTRY.
(Division of Food Preservation and Transport.)

(a) Volatile Products of Apples—Volatile products
are related to flavour and to the storage disorder superficial
scald, Tests for hydrocarbons besides ethylene were con-
tinued. The absence of higher olefines was confirmed by
gas chromatography.

(b) Control of Superficial Scald.—A number of volatile
hydrocarbons were found to reduce scald, and the influence
of unsaturation is being investigated. Control by oil wraps
may be related to this effect and a number of mineral oils
are being tested. Secondary amines related to diphenyl-
amine reduced scald, but not as effectively as diphenyl-
amine itself.

(¢) Natural Coating of Apples—The natural coating
affects the metabolism of the stored fruit through its con-
trol of gas exchange. Particular attention is being given
to the oil fraction which increases during storage. Apples
treated with diphenylamine (which controls superficial
scald) were found to develop oil with less conjugated un-
saturation, The insoluble cutin fraction was found to
yield carbohydrates and proteins as well as ether-soluble
acids on saponification.

(d) Lipid Metabolism of Avocados—Studies of the
chemical changes in avocados during development and
storage were completed. A fraction associated with the
phospholipids was examined chromatographically. A
number of new lipids, which appear to be hydroxy esters,
were isolated, and work on their structure is continuing.

(e) Studies on Fatty Acids—A kinetic study is being
made of the isomerization of unsaturated fatty acids with
potassium fert.-butoxide, which has application in lipid
analysis.

(f) Anaerobic Decomposition of Ascorbic Acid.—This
reaction is the one concerned in the destruction of vitamin
C in stored canned foods. Further data on the yield of
furfural at various temperatures and pH Ilevels were
obtained,
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() Protein Chemistry —Problems in food preservation
which involve changes in proteins include toughness or
" S.lringiness " in frozen fish, “ drip ™ in frozen beef, and in-
activation of enzymes in canning. An attempt is being
made o define these changes and distinguish between
" aggregation ” and * conformation " or “ denaturation”
changes. The influence of urea, heat, and freezing has
been studied. Although urea causes marked * conforma-
tion” and “disaggregation” changes in a number of
proteins it has been shown that aggregation reactions fol-
lowing denaturation may occur in the presence of urea
under the right conditions of temperature, concentration,
and pH. Experiments have been started with the aim of
defining the environment of protein molecules during the
freezing of solutions or gels by measuring the salt con-
centration, pH, and protein concentration during the freez-
ing process under controlled conditions.

The effects are being investigated of freezing on the
actomyosin system of fish muscle. It has been shown that
dissociation of dissolved actomyosin is promoted by in-
creasing the salt concentration and lowering the tempera-
ture, pH, and protein concentration. The changes are
accelerated by freezing and thawing; however, if the tem-
perature is such that dissociation is minimal, then freezing
and thawing tend to produce aggregation of the protein.
The two proteins, actin and myosin, which combine to
form actomyosin, are also being studied separately. Some
progress has been made in the preparation and purifica-
tion of fish actin, and the isolation of fish myesin has
recently been undertaken.

Another problem being considered is the mode of
clotting of milk by rennin, a process involved in cheese
making. Only the caseins are altered, and an attempt is
being made to determine which casein is the primary
target of attack. The aggregation of the caseins is also
being studied. The kappa-casein fraction has been isolated
and purified, and the contention confirmed of von Hippel
and Waugh that it is the primary site of rennin action.

(h) Polarography.—A review of polarographic methods
with special reference to trace analysis has been published.
Contributions to polarographic methodology and the
polarography of amino acid metal complexes are in course
of publication.  Polarographic methods are being
developed for the determination of sulphydryl groups,
involved in protein aggregation and denaturation,

(i) Chemistry of Non-enzymic Browning.—Work has
continued on the use of freeze-dried fruit purées for the
study of non-enzymic browning and the identification of
the cationic and anionic compounds formed during brown-
ing. Overall quantitative values had previously been
obtained for the amino acids before browning and for the
amino acids and 1-(N-amino acid)-1-deoxyfructoses after
browning. It has now been shown that the Moore and Stein

method for the determination of amino acids, by means

of elution chromatography on columns of a buffered
cation-exchange resin, can also be used to determine amino
acid-deoxyfructoses. This method has been used to obtain
quantitative values for these compounds in freeze-dried
apricots before and after storage for twelve months at
25¢ C. and 70 per cent. R.H. Progress has been made with
the determination of individual organic acids by elution
chromatography.

The reducing value of the reaction product has been
used to study the reaction between glycine and glucose in
syrups with a pH and water content similar to those of the
freeze-dried fruit. Initial rates, expressed as first order
constants, have been determined at different temperatures
with and without bisulphite and organic acids. The
general course of the reaction in the presence and absence
of bisulphites is also being studied by chemical and spec-
trophotometric methods.

A number of reaction products from aldoses and bisul-
phites and from glucose, bisulphites, and amines have been

obtained in crystalline form. A high-voltage zone electro-
phoresis apparatus has been built and is being used to
study products of the glycine-glucose reaction not
previously identified.

4. MICROBIOLOGY.
(Division of Food Preservation and Transport.)

(a) Water Relations of Microorganisms.—Physiological
studies of the relation of the internal solute concentration
of bacterial cells to that of the growth medium have been
continued with halophilic and non-halophilic organisms.
Osmotic adjustment of cells of Vibrio metchnikovi on
transfer to a more concentrated medium has now been
obtained in the absence of a nitrogen source. The changes
in solute and water content involved are being studied
further.

The internal concentrations of sodium and potassium in
cells of Staphylococcus aureus increased as the water
activity of the growth medium was reduced by the addi-
tion of sodium chloride. Potassium was always pre-
dominant.

The ability of some strains of Gram-positive bacteria to
grow in media of high salt concentration appeared to be
associated with accumulation of very high internal levels
of potassium when grown in low-salt medium. The im-
portance of potassium in osmotic regulation is being
investigated.

Various washing treatments on the retention of internal
solutes have revealed major differences in the permea-
bility properties of Gram-positive and Gram-negative
bacteria.

Studies on the water requirements for growth of
Clostridium botulinium types A and B have been com-
pleted. The lower limit for growth and toxin production
was at a water activity of 0.94. Vegetative inocula grew
at a water activity slightly lower than that required for
spore germination.

(b) Heat Resistance of Spores—Research on heat
resistance of spores equilib