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COMMONWEALTH OF AUSTRALIA, 

Council for Scientific and Industrial Research. 
ELEVENTH ANNUAL REPORT FOR YEAR ENDED 3 0 ~ ~  JUNE, 1937. 

I. INrl.'RODUCTORY AND GENERAL. 

1.  General.-The Council for Scientific and Industrial Research was established in 1926 
by the re-organization of the existing lnstiti~te of Scicilce and Industry. The powers and 
£Unctions of tho Council are defined by the Science and Industry Research Act 1920-1926, and 
inclutle the initiation and carrying out of research in connexion with, or for the promotion of, 
primary and secondary industries, the training of research workers, the making of grants in aid 
of pure research, and the establishment of a Bureau of Information relating to scientific and 
technical matters. 

An important development of the Council's activities during the fi~mncial year 1936-37 
has been the establisl~nlent of a Fisheries Section to conduct investigations into Australian 
fisheries problems that were placed under the control of the Council in the year 1935. Dr. H. 

I Thompson, formerly Director of Fisheries Investigations in Newfoundland, arrived in Australia 
in March, 1937, to take up his duties as OAicer-in-charge of the Section. Previous to his 1 Newfoundland appointment, Dr. Thompson was for ten years biologist to the Fishery Hoard of 

1 Scotland, during which period he was closely associated with the worlc of the International 
Council for the Exploration of the Sea. 

I 
- 

At the present time, the Fisheries Section is housed in temporary quarters in Post 
Office-place, Alelbourne ; but i t  is hopcd that i t  will be possible to establish, in the near future, 
a properly-equipped fisheries research station in a siiitable location that will also be a convenient 
base for tho investigation vessel a t  present under construction. 

2. New Laboratories.-During the year, considerable progress was made in the provision 
of adequate laboratory facilities for tjhe various sections of the Council's work. 

Towards the latter end of 1936, work on the new Forest Products Laboratory in South 
Melbourne, and the new laboratory building a t  the Viticultural Research Station, ~\Ierbein, was 
completed, and the two buildings occupied. The Forest Products Laboratory was officially 
opened on the  7th A d ,  1937, by Mrs. Russell Grimwade, whose husloa~ld, the Chairman of the 
Council's Victorian State Committee, had generously donated the sum of g5,000 for the purchase 
of plant and eclnipment. 

Building operations on the headquarters laboratories and experimental cool stores of 
the Section of Food Preservation and Transport commenced just before the e l ~ d  of the financial 
year ; it is anti~~ipated that these will be ready for occupation before the end of 1937. These 
laboratories are located a t  Homebush, Sydney, and, when completed, they will enable the work 
of the Section, a t  present carried out in a number of widely-separated localities, to be concentrated 
in the one centre. 

Work on the new Animal Health Laboratory in the grounds of the Veterinary Research 
Institute of the University of Melbourne mTas commenced early in 1937, and it is anticipated 
that this, too, will be ready for occupation by the end of the calendar year. 

In  the last Report, reference was made to the purchase of 800 acres of land near St. Mary's, 
New South Wales, to be used as a field station for various animal health investigations, and for 
work on fertility. The improvement of this area has proceeded during the year, fences, dams, 
a shearing shed, a cottage, &c., having been provided. The vendor of the land, Mr. Norman 
Buffier, has informed the Council that he woultl like to contribute £500 to be used for the erection 
of n building on the property which W O L I ~ ~  serve as a memorial to his father. This generous 
offer has been gratefully accepted ; and i t  is proposed to build a small field laboratory which will 
commemorate the name of the late Mr. Buffier. 

3. Standards, Testing and Research -fo.r the Secondary Industries.-It was mentioned in the 
last Report that the Commonwealth Government proposed to extend the activities of the Council 
to embrace investigations into the problems of Australia's secondary industries. Hitherto, 
because of the limitation of funds, and because of the more urgent needs of the primary 
producer, who is completely dependent on outside assistance for the solution of those of his 
problems which demand research anti experimentation, the activities of the Council have been 
almost exclusively confined to research in connexion with primary industries. 



In order to review the field, to determine the nature and lines of develor,ment of the 
organization required to undertake the secondary industries research work, to prepare a 
programme of work, and to make estimates of costs, the Government appointed a Committee 
broadly representative of the various interests concerned (see Appendix) l o  prepare a report 
and make recommendations on the whole matter. Early in 1937, this Secondary Industries 
Testing and Research Committee completed its report, which is now under consideration by the 
Government. 

The main recommendations of the Committee were concerned with (a) the establishment 
of a Reference Standards 1,aboratory for the maintenance of basic standards (of length, mass, 
electrical units, &c.) essential for precision and ~n;tnnfacture ; (b) the extensiori of thc Council's 
existing Information Service for the collection and dissemination of technical irlforrnation and the 
results of research ; and (c) the initiation of a Research Service to deal with the problems aiising 
in secondary industries such as cannot be handled by works' staffs and require the attention of a 
national organization. 

In order to collect data on the organization and work of Information Services in science 
and technology, the Secretary of the Council, Mr. G. Iliglitfoot, left Australia in June, 1937, 
on a visit to the United States of America, Canada, and Great Britain, the greater part of his 
expenses being paid by a grant from the Carnegie Corporation. 

4. Grants from the Australian Wool Board.-During the financial year, the Wool Publicity 
and Research Act 1936 was passed by Parliament, and the Australian Wool Board thus set up to 
administer the fund derived from the wool levy made under the provisions of the Wool Tax Act 
1936. The Board held its first meeting in January, 1937. The Council, in common with other 
research organizations, was invited to subliiit a statement outlining its investigations in 
connexion with the sheep and wool industry, in order that the Board could review the whole field 
of research in Australia and decide which activities i t  might appropriately subsidize, and what 
new investigations i t  should support. 

As a result of a meeting held in April, 1937, a numloer of grants, mostly for work in the 
field of animal health, were approved by the Board. The Council's share of the contributions 
for the first j7ear (sorue of the grants are recurrent for two or three years) is very considera1,le. 
Grants totalling over £7,500 have been promised to the Council for the exteniion of its work 
in the following fields :-Animal nutrition, blowfly investigations, parasitology, genetics and 
fertility problems, toxsmic jaundice, footrot and ophthalmia. In addition, the Board ha& 

I 
approved a grant of 210,000, to be followed by one of £7,500 in the second year, towards the 
establishment of a field research station in south-western Queensland to enable large-scale 
stl~dies and experiments to  be carricd out in connexion with the blowfly and other problems 
affecting the grazing industry. The area of about 40,000 acres involved in this station is being 
made available by the Queensland Government a t  a nominal rental. 

The provisions of the wool levy and the establishment of the Australian Wool Board form 
part of an international scheme in which other Empire wool-producing countries are co-operating. 
In connexion with this scheme, an International Wool Publicity aiid Research Secretariat has 
been established in London, the Australian representative on which is Dr. I. Clunies Ross, 
formerly Officer-in-charge of the Council's F. D. McMaster Animal Health Laboratory, Sydney. 

5. Reports by Sir David Rivett.-Mention was made in the last annual report that Sir 
David Rivett, Chief Executive Officer of the Conncil, left Australia on the 26th May, 1936, on 
a visit to Great Britain and the Continent, in order to attend the British Commonwealth 
Scientific Conference held in London in September, 1936, and to make certain inquiries on behalf 
of the Commonwealth Government, particularly in regard to the production of oil from coal. 
Sir David returned to Australia in December, 1936, and submitted reports to the 
Minister-in-charge of the Council on the proceedings of the Conference and on the production 
of oil from coal. 

In  regard to the production of oil from coal, he was able to collect a considerable amount 
of information. From the information obtained, it was possible to arrive at  an estimate of the 
probable cost of production, in Australia, of petrol from black and brown coal. The costs did 
not differ greatly in the case of the hydrogenation and synthetic processes ; and in both cases 
the cost per gallon was some three times that of imported fuel from flow oil. The low-temperature 
distillation process can be ruled out as impractirable, since its success depends on the economic 
disposal of large quantities of " semi-coke ", the principal product of the process. Thus, judged 
solely from the economic point of view, the production of oil from coal, either by the 
hydrogenation or the synthetic process, would be ~njustifia~ble in Australia. There are, however, 
many other considerations entering the picture, for example, those of defence, the value to the 
country of a strong corps of industrial chemists and engineers, employment, and the lilte. 



Sir David Rivett's report on the production of oil from coal was presented to the Minister 
on 21st December, 1936, and after consideration by Cabinet was referred to the Hydrogenation 
Committee*, which then prepared a report expressing general accord with the views i t  contained. 
Both reports were tabled in Parliament in June, 1937. 

6. Deaths of Dr. J. A.  Gilruth and Dr. R. J. Tillyard.-During the year Australia lost 
by death two of the Council's foundation Divisional Chiefs, Dr. J. A. Gilruth a,nd Dr. R. J. 
Till yard. 

Dr. Gilruth, Consultant and former Chief of the Council's Division of Aninlal Health, 
died on 4th March, 1937. During the seven years of his chiefship, he lived to see nlany prok)lems 
upon which he had worked in his more active laboratory life and with which his name will al~vays 

1 be associated, brought nearer to solution, among them entero-toxzmia, black disease, caseous 
I lymphadenitis and parasitism. Another of his interests was the introduction of Zebu cattle for 
I tropical Australian conditions. When the Council took over the Queensland State Laboratory 

a t  Townsville for five years to carry out work on diseases of cattle in Northern Australia, Dr. 
Gilruth entered enthusiastically into the project, and mapped out a plan of research that during 
the five years' period yielded results of great and immediate practical importance. He will be 
long remembered by his staff, to whom he was a friend as well as a leader. 

I 

Dr. 'rillyard met his death as a result of a motor accident in January, 1937. He was 
appointed Chief of the Division of Economic Entomology in 1928 ; and his first task was to select 
a suitable team of workers and to organize the new Division's activities. The problems initially 
selected for investigation were those of the sheep blowfly, buffalo-fly, termites, and the control 
of certain insect pests and noxious weeds by their natural enemies. Unfortunately, owing to 
ill-health, Dr. Tillyard was compelled to retire early in 1934 ; but much of the work he initiated 
still continues. Apart from the economic aspects of entomology, he was a world authority on 
certain fundamental aspects of the science, notably wing-venatlon and fossil insects. 

1. General.-During the year the investigations of the Division of Plant Industry were 
mainly confined, as in previous years, to problems in five major groups :-Pastures, fruit, wheat, 
tobacco and weeds, each requiring long-time and steady effort to arrive a t  econoiaic artd practical 
solution. Material help was given to the officers of the Division by their colleagues in other 
Commonwealth Departments and particularly in the Departnients of Agriculture of the several 
States ; by colleagues in the Universities, particularly the University nf Sydney (Department 
of Organic Chemistry), the University of Adelaide (the Waite Agricultural Kesearch Institute), 
the University of Queensland and the Agricultural College a t  Gattoil (Lawes) where laboratory 
space and land have been made available for worlc in plant introduction, pasture plant breeding 
and weeds control, and the Universitv of Tasmania where laboratory facilities have been provided 
for studies on diseases of storage and export apples. 

Pasture plant problems constitute the most important group, and they may be divided 
into five types :-Those of (a) the monsoonal and (F) tho winter rainfall zones enjoying more than 
30 inches of annual precipitation ; (c) the monsoonal and (a) the soilthern zones with between 
15 and 30 inches of rain ; and (e) the area within the 15-in. line of rainfall. Broadly there are 
three major phases of investigation, viz., pasture management, introduction of suitable plants, 
and the improvement of pasture plants. 

Work in the field of pasture management has not yet been developed by the Division, 
though the inve~tigat~ion into the control of the galvanized burr (Bassia spp.), and the preparation 
of the recently publislled pasture map of the continent both have a distinct bearing on the broad 
question. Regarding plant introduction, among tlle nearly 1,000 grasses and like number of 
leguminous plants that have been collected by the 1I)ivision since 1930, some very promising 
species have been obtained, including some reputedly useful drift,-arresting plants. The testing 
of tllis large number will obviously call for long and patient work ; but so did the early trials 
with lucerne, rye grass, subterrsuealz clover, &c., all plants which are generally accepted to-day 
as being highly valuable. As it is reasonably certain that there are somc: species and strains 
still to be found that would be valuable additions to our pastures, constant touch is maintained 
with other countries with a view to obtaining such types. Work on pasture plant improvement 
was initiated last year, and is now in progress a t  Canberra, Bfoss Vale (Mew Soutlr TVa,les), and 
Gatton (Queensland), and covers a reasonably wide range of pasture plants. The work embraces 
the selection of types, crossing for vigour, leafiness, palatability, persistence under grazing, &c. 

For plant introduction trials in the north coastal zone, the Central Queensland Meat 
Export Company has nlade available an area of land a t  Fitzroy, near Rocklianipton ; and for 
pasture plant breeding in the better rainfall area of the south, the Honorable Sir Norman Kater 
has provided an area on his estate near Moss Vale. 

* A committee appointed by the Commonwealth Government in 1934 to  inquire into Lha qucstion of establishing 3 piant in Abtralia for the production 
of 011 from coal by the hydrogenation prorese. 



During the year, in addition to the normal work in the field of fruit investigations, a 
special survey was undertaken to ascertain the extent, importance, and causes of what is 
generally known as " die-back " in apple trees. No one cause of the trouble was found, though 
poor soil drainage is a general factor. The survey brought to light the fact that the incidence 
of the most important and widespread type of die-hack is correlated with latitude, and has a 
distinct bearing on the suitability of =the different districts for apple production. 

Following the provision by the Commonwealth Government of a grant of £20,000 for 
technical assistance to the apple and pear industry, a conference was held in Melbourne between 
representatives of the Council and the State Departments of Agriculture. An allocation was 
;geed upon whereby £8,850 was made available for one year for advisory work covering cultural 
practices, re-working trees, packing, &c., and £10,170, spread over two years, for research into 
such problems as codling moth, diseases, stock studies, mineral deficiencies, &c. 

Wheat investigations have been continued into the inheritance of yield characteristics 
and the grass-clunip character, into diseases. and pbysico-chemical studies of saps in connexion 
with drought resistance. An account of the Uivision's weeds investigation work will be found 
in a separate section (No. IV.) of this Report. In  the field of tobacco investigation, a 
considerable advance in the control of blue mould in the seed bed has been made wit,h the 
development of the benzol method of control. Tltis will enable growers to bc sure, at  least, of 
plants to set out in the fields. The problem of the control of field mould is i l l  liand ; and 
arlother disease of increasing iniportance, a virus dwarfing, is being investigated. 

A conference of Comrnonwealth and State tobacco officers was held a t  Brisbane in July, 
1936 ; and a very satisfactory interchange of e~perirnent~al data, review of work, and co-operative 
arrangement for the yesr's proglaamme tool; place. This ensures that efforts are turned in the 
direction of developing the irtdustry on an Australia-wide basis. 

Two other conferences of immediate interest to the Ilivision were held in Adelaide in 
October, 1936. A conference of agrostologists of the States, representatives of the Waite 
Agricultural Research Institute avid the Division of Plant Industry, met to review pasture 
problems and co-ordinate, as far as possible, experience and effort. The conference was 
undouljtedly successful in doi1.g so. A conference of seed-testing officers reviewed testing 
methods, revised the list of weed seeds, and agail~ reviewed standards with the aim of reaching 
uniformity in Commonwealth and State Acts. 

During the year the Chief of the Division and the Director of the Waite Agricultural 
Research Institute collaborated in the preparation of a report on fibre plants, particularly those 
lilcely to be suitable for the production of fibre in Australia. 

I 2. Plant Introduction.-(i) General.-During the year 309 additional plants were introduced, 
making a total of 5,815, received directly from 63 countries since 1930. The following is a 
classification of these introductions :- 

Classitleation of Introd!irt I (  uq. 

Wheats . . . .  . . . . 
Grasses . . . . . . . . 
Legumes . . . . . . . . 
Miscellaneous plants . . . . . . 
Barleys . . . . . . . . 
RTaizes . . . . . . . . 
Vegetable and garden crops . . . . 
Forage plants other than grasses and legumes 
Oats . . . . . . . . . . 
Tea plant varieties . . . . . . 
Fruit crops . . . . . . . . 
Fibre-producing crops . . . . . . 
Rubber-producing crops . . . . 
Insecticidal plants . . . . . . 
Tobacco . . . . . . . . 
Oil-producing plants . . . . . . 

Total to date . . . . 

T ~ t a l  number to 
30th June, 1Y37. 

2,800 
979 
981 
193 
165 
161 
97 
43 
19 
11 
41 
22 

7 
5 

259 
2 

5,815 

These plants are briefly described in Plant Introduction Inventories Nos. 1, 2, 3, 4, 5 
and 6 (in course of compilation). Sectl of 78 species and varieties were sent abroad in exchange 
during the year, making a total of 1,118 lots of seed since the inception of the work. 



(ii) Cereals.-The testing (for yield, freedom from disease, kc.) of introduced wheats, 
oak and barleys is being continued, but i t  is proposed to curtail this work as data covering a t  
least three years in each test are obtained. 

The average yields of a further large group of introduced wheats systematically tested 
over a period of three years a t  Duntroon revealed (a) the superior yielding ability of certain 
strains introduced from Portugal, these being equal in yield to Waratah, the highest yielding 
(42.42 bushels per acre) check ; (b) the superior yielding ability of certain strains from Po~tugal, 
Canary Islands, Spain, Asia Minor, and Syria, these ranking in yield between Canberra and 
Nabawa, the second and third highest yielding checks, respectively. 

Four years' average results with ten introduced oats, increased later to thirteen, showcd 
the superiority of Rcd Algerian No. 61 (a strain introduced direct from Al8eria) which gave 
during that period an average yield of 70.67 bushels per acre. Other good ylelding introduced 
oats were Legacy (66.29 bushels), Ichcrson (63.6 bushels), Iowa No. 3 (62.06) bushels), arid 
Prolific (58.44 busl~cls). All four vnrieties gave a higher average yield than Mulga, the best 
of the two checlts, which yielded 57.08 bushels per acre. 

Three years' ttveragc yields with barlcp showed that none out-yielded the check (Trabut-- 
48.48 busllrls per acre), though Charlottetown 80, Swedish Gold, Danish Island, and Club Mariout 
were prnctically the equal in yield of the check. Other good yielding varieties were Hannchen, 
Gay Brewing, k'eruvir-111, Orge C'arreB d'Algerie No. 42, and California Peed. Special tests have 
shown that Peruvian is also of particular interest from the malting standpoint. - - 

(iii) Grasses.-During the year steady progress in the investigation a t  Duntroon of 
persistency (based on percentage ground cover), productivity, and palatability was made with 
a large number of additional introduced grasses ; and data thereon will be available in December, 
1937. Meantime, the following showed good persistency and palatability and were productive :- 
Diar~hena ccwzericav:n ; Poa scab~ella ; Poa pratensis (ITruguayau) ; Lolium perenne (bloscow) ; 
Dactylis glomerata (South France) ; D. glomcruta var. Zobata ; Pestuca varia ; P .  pratensis 
(" Lyngby ") ; P, pratensis (" Otoftc ") ; F. spadices ; Arrhenatl~erurn eriauthuwt ; A. nvenaceztm ; 
Bronzzcs inermis (Kansas) ; Agropyron canigzum ; Koeleria eriostachya. 

Introduced grasses which have been recorded as soil-binders include : Elymzcs giganteus 
(grows in sand) ; E. nzulticaulis ; Pa?zicum obtusum (Grapevine mesquite) ; Agropyron ramosurn ; 
Cakarnagrostis epigeios (salt-tolerating) ; Bro?nzcs inermis ; Digitaria pentxii (for summer rainfall 
areas). 

(iv) Legumes.--Five-year variety trials of lucerne a t  Duntroon have recently been 
completed. The data for average yield of air-dried forage per acre have shown that the introduced 
Hairy Peruvian variety is superior in productivity to the Hunter R,iver variety which was used 
as the check, and that the Arizona Common and Chinese introduced varieties are a t  least the 
equal in yield of the check. 

(v) Trials at Gatton, Queens1and.-The 1936-37 season a t  Gatton was ab~lorrnally dry, 
except a t  the latter end of the season. Row studies of legumes, for forage and green manure, 
and row and plot studies wi'ch grasses, were continued aJt this station. Grasses found to be 
distinctly promising include : Brachiaria brizantha, Paspalurn scrobiculatum, Brachiaria 
dictyoneura, Dichanthium sp., Eragrostis superba, Ischaemum laxurn, Sporobolus virginicus, 
Digitaria Pentzii, and Digitaria valida. 

The following legumes are considered as definitely promising pasture species :-Lespedexa 
daurica, Lespedeza juncea, Lespedeza sericea, Lespedeza striata, Lespedeza stipulucen, and r3tylosanthes 
procumbens. Stylosanthes guyannensis demands a more frost-free climate that that of Gatton. 
Legumes which have been proved distinctly promising for green-manuring and cover crop 
purposes include Calopogonium mucunoides, Calopogoniurn brachycarpurn, DolicT~os lablab, 
Stizolrobiurn atterirnum, Stizolobizcrn deeringianum, Phaseolus ricciardianus, Phaseolus trinervus 
(Jerusalem pea), and various species of Crotalaria and Xesbania. 

Grasses which have proved palatable, nutritious, and capable of withstanding periodic 
grazing (with cattle) are Brachiaria brizantha, Paspalz~rn scrobiculuturn, a species of Dichanthium, 
a strain of Panicum nzazimurn, Erclqrostii superba, and Di.qitaria Pentzii. 

(vi) Trials at lr"itzroyvale, &ueenslan~.- he tests- conducted a t  the new station at 
Fitzroyvale, though of only one year's duration, have shown great promise, the growth in many 
instances being remarkable. The following grasses showed the greatest promise :-Andropogon 
pertusus (Indian strain), Amphilophis glabra, Brachiaria briza~ztha (outstanding), Brachiaria 
dictyoneura, Chloris gayana (Kenya strain No. I) ,  Chloris gayana (Javan strain), Digitaria exilis, 
dschaernugn laxu~n, Melinis mintct<fiora, Panicum antidotale (excellent for dry periods), Panicum 
maximum (Rhodesian strain), Panicum maximum var. gong<yZodes (outstanding), Pennisetum ciliare 
(Kenya strain), Pennisetum gracile (outstanding), Polystriccs diversijlora (Tropical lawn grass), 
7Jrochloa bulboides, Urochloa mosanzbicensis, Sorghum sp. " Fara fara ", and So~~qhurn sp. " Jar  
Dawa " (both outstanding for silage and soilage). 



Legumes which showed up the most promisingly for pasture purposes included :-- 
Alysicarpus longifolius, Alysicarpus rugosus, Alysicnrpus vagi.fzccli.s, Le.spedexa striatn (Texas 
type-C.P.I. 3749), Lespedexa striata (T3Tasliington type-C.P.I. 1034), Neibomin barbnta, Meihomia 
discolor, Stylosanthes guyannensis, St?ylosal~th es guyannesis var. su bviscosis. 

Legumes which showed great promise for use as cover and green-manure crops, the growth 
of which was in many cases very satisfactorv, were the following :-Calopogoniurrt mucunoidcs 
and Calopogonium brachycarpu?n (both outstanding), Centrosema pubescens (outstanding), Canavalia 
efis(forrnis, Indi,yofera endecaphylla, Crotalaria anagyroides, Crotalaria goreensis, Crotalaria 
maxillaris, Crotalaria alata, Indigofera hirsuta (Brazil and Trinidad strains), Tep7~rosia candida 
(Trinidad strain), Dolichos lablnb (outstanding), Doliches debilis, Phaseolus ricciardianus, Phaseolus 
trinervius (Jerusalem pea), Stizobolium atterimwn (very superior strain), Xtiz~lobium :leerin.qianurn, 
Stizolobium sp. (Somerset velvet bean), Stixoloblium sp. (early speckled velvet bean). 

- - - 
(vii) Pyrethrum.-Trials of pyrethrum from several sources demonstrated the superiority 

in yield of C.P.I. 2288 (Japanese pyrethrum, the seed of which was introduced in 1931 from the 
Yokohama Nursery Cornlmny, Yoliohama, Japan). Analysis of the powder produced from its dried 
heads has revealed its insecticidal efficiency, as determined by its satisfactory content of pyretllrins. 

3. Pasture Plant Improvements.-(i) At Canberra.-At Canberra the first generation of 
the cross bet'ween Dwalgamnp and wcnigup subterranean clover was raised, and the 
second generation somn in the autumn. C'rosses between NTenignp and Tallarook were obtained. 
For areas too dry for successful growth of subterranean clover, annual legumes, particularly 
medics, have been collected, and in the first year are being grown a t  Canberra. Breeding work 
for distJricts similar to Canberra has been begun with Brornus inermis, cocksfoot, white 
clover, and with Bromus spp. for resistance to smut. A programme of interspecific crosses has 
been laid down for grasses and legumes and work has been commenced on them. 

(ii) At Gatton, Queensla?zd.-The pasture plant breeding work initiated a t  the Agricultural 
College, Gatton, Queensland, is concerned mainly with Rhodes grass, Mitchell grasses, Phalaris, 
and lucernes for grazing. Collections of material have been made from many sources, and on 
growing the plants have sho~vn a tremendous aniol~nt of variation. As a first step towards 
improvement the best are being selected, and these will be multiplied. Queensland authorities 
are co-operating by making available land and facilities a t  the Westbrook Farm School. Mr. 
J. 111. Netvman has also been very generous in providing similar facilities at  Caboolture. Some 
species have heen planted on these areas for preliminary work. 

(iii) At Moss Vale, New South Wales.-For work in more southern areas of higher rainfall, 
Sir Norman Kater very gencrously made available an area of 5 acres a t  Moss Vale. On this 
site a field laboratory has been erected and a water supply made available. An officer of the 
Division has been transferred there and is engaged in breeding work wit?! higher rainfall plants 
including perennial rye grass, coclisfoot, rcd clover, white clover, and subterranean clover. 

4. Fruit Investigations.-These cover investigations of a general nature ; work in Tasmania 
on non-parasitic diseases and storage problems of apples ; on sultai~a vines at  the Viticultural 
Research Station, Merbein, Victoria ; on citrus problems a t  the Citricultural Research Station, 
Griffith, New South Wales; and a t  Stanthorpe, Queensland, mainly on stock and scion relations 
for apples. 

(i) Apple and Pear Grant.-A sum of £20,000 was made available late last year by the 
Commonwealth Government for assisting the growers of apples and pears. This grant is being 
adniirlistered by the Council. Following a conference between representatives of the Council 

a lor1 and the State Departments of Agriculture 28,850 was allocated for advisory and demonstr t' 
work, including improvement of cultural practices, demonstration of re-working, &c. ; and 
£10,170 for research work. The expenditure of the money for investigational work has been 
spread over two years ; that being done by the Council concerns codling moth, spray injury, 
gas storage, and die-back in apple trees. Investigations undertaken by the State Departments 
of Agriculture and financed by this grant are (i) stock and scion studies, removal of arsenical 
residues and internal cork in the Kentucky district by New South Wales; (ii) codling moth in 
the Qoulburn Valley, and mineral deficiencies in pears by Victoria; (iii) general horticultural 
problems in the Stanthorpe area by Queensland; (iv) spray and fertilizer trials by South Australia, 
(v) die-back and green-manuring practices by Western Australia; and (vi) black spot and other 
fungal diseases, Jassid and light brown apple moth by Tasmania. - - - 

(ii) " Die-back " Survey.-A survey of the incidence and relative importance of the 
diseases whicli cause " die-back " and " sour sap " in apple trees was made. The survey covered 
orchards in the main apple-growing centres of iYew South Wales, Victoria, South Australia, 
Western Australia and Queensland, and showed that (a) Fungal root rots, such as Armillaria 
rnellea, wound parasites, such as Polystictus versicolor, malnutrition or lack of fertilizers, and 
loss of surface soil by erosion, are factors which cause die-back, but vary in incidence and 



importance in different localities, and rarely constitute the most frequent causes of die-back 
in any district. (b) Inadequate soil drainage is responsible for approximately 20 per cent. of the 
die-back in nearly all districts. ( c )  In Victoria, and to a lesser extent in New South Wales, injury 
occasioned by the apple root borer is a very prevalent and important cause of tree decline. 
(d) The most important and widespread type of die-back is that known as pruning die-back in 
Western Australia and rosette or " little-leaf " in Queensland and South Australia. This disease, 
the cause of which is a t  present unknown, is developed in all districts north of latitude 36" S., 
becomes severe north of latitude 35" S., and, generally speaking, increases in severity as one 
goes northward. It appears to be closely correlated with, and the main factor determining, 
the longevity of the apple tree under Australian corrditions. The life of the average apple tree 
is probably three times as great in Tasmania as i t  is in Queensland. This disease constitutes 
the main cultural problem in New South Wales, Western Australia and Queensland. 

(iii) I n  Tasmania.-The investigation of physiological diseases of fruit in the field and 
disorders following storage has been continued. 

(a)  Storage Experiments (Fruit of 1935-36 Seaso%.-Investigations concerning the relation 
between the incidcnce of storage disorders and physiological and chemical tests on samples collected 
previous to, and a t  the time of, picking, cli~~lstic conditions, as well as storage temperatures and 
other storage factors were continued. The technique previously reported was employed. The 
chemical and physiological tests gave results which confirm the conclusions reported for 1934-35 
and 1935-36. The 1935-36 season was one of the above-normal temperature and below-normal 
rainfall. On the basis of the data derived from these observations, a quite accurate forecast 
was made of general keeping quality and the incidence of storage diseases for this season's fruit 
on the overseas and local markets. 

Investigations on the effect of pre-storage treatment with carbon dioxide as a means of 
preventing 10177-temperature breakdown, as well as experiments on the effect of storage 
temperatures, the concentration of respired carbon dioxide in the storage chamber, and delay 
in storage on the incidence of storage diseases, were continued and extended. Pre-storage 
treatment of 50 per cent. carl)on dioxide for 36 hours was sufficient to induce brown heart in 
Sturmer Pippin and French Crab, but not in Cox's Orange Pippin, Scarlet Pearmain and Jonathan. 
Trut: low temperature breakdown occurred only in Scarlet Pearmaill in the later pick, when 
the treatment prevented pit breakdown in Cox's Orange Pippin ; and Jonathan spot may 
have been increased and deep scald in Sturmer induced by treatment. Increase in the 
concentration of respired carbon dioxide in the storage chamber appears to increase liability 
to brown heart, induce Jonathan spot in mature Jonathan, and reduce incidence of late scald in 
Sturmer Pippin. 

The incidence of storage disorders during this season was as follows :-Storage pit was 
more prevalent than in 1935 but not as severe as in 1934 ; light crops again suffered most. True 
low-temperature breakdown was not common ; and the type which follows pit, water core or 
bruising was the most pronoi~nced. No clifferenee was apparent between fruit from lilrled or 
unlinled plots. The season was one of low liability for deep scald and Jonathan spot. The 
relative varietal susceptibility to brown heart was Sturmer Pippin most, then French Crab, and 
Jonathan least. Susceptibility to brown heart was lower than in 1935 ; and French Crab was 
the only variety in which alcoholic poisoning developed. 

(b) Disorders of Fruit on Trees, 1936-37.-The 1936-37 season was one of very low liability 
to field disorders. Tree pit was relatively uncommon, even in highly susceptible varieties such 
as Cleopatra. This was probably due to the good rainfall and mild temperatures that occurred 
during the growing season. The incidence of both massive and radial types of water cor!: was 
also low, and was probably related to the absence of high temperatures during the period 
January to March. 

Internal cork was not so serious as in 1936. Experiments involving the application of 
boron were continued ; but many of the plots gave no results, as the control trees which have 
been badly affected for the F L S ~  three years were free of the disease this season. " Cork " of 
pears and " dimple " of Cleopatra again failed to respond to treatment. 

(iv) Investigations in the Irrigation Areas.-(a) The progress of investigations concerning 
the alternate cropping of Valencia oranges in the Murrumhidgee Irrigation Areas is recorded 
under the Citricultural Research Station, Griffith, and work dealing with the sultana under the 
Viticultural Research Station, Merbein (Sections VIIA. and B.). 

(b) As part of a co~nprehensive investigation dealing with the problem of the nutrition 
of citrus trees, investigations are being made to determine the role of mycorrhiza in citrus root 
absorption. Pot culture experiments in ~vhich seedling lemons are being grown with and without 
mycorrhiza, and subject to a variety of soil treatments, have so far failed to show any differences 
in growth due to the presence of mycorrhiza. Attempts to isolate the fungus concerned in the 
mycorrhiza have so far been unsuccessful. 



(v) Investigations in Queensland.--The propagation of imported and local root stocks for 
apples, pears, and plums has been continued in the nursery area a t  Xtanthorpe. The season was 
particularly dry until mid-December. 

(a) Apples.-Satisfactory growth was made by most stocks except apple stocks Malling 
XII. and XVI. These grew poorly as compared with Northern Spy and other Malling stocks. 
Their failure is attributed to the drought conditions which obtained during the first half of the 
season. One-year-old trees of Jonathan and Granny Smith varieties h a ~ e  been procluccd on 
the following stocks :-Rfalling I., PI., XII., XVI., Northern Spy and Pornme de Neige seedlings ; 
and of Jonathan on Merton Nos. 779, 789, 793, and two local stoclrs (D and E). These are ready 
for planting out for permanent field trial. Twenty-nine apple varieties were layered to produce 
own-rooted trees. Oi' these, 26 varieties have yielded over SO per cent. rooted shoots suitable 
for transplanting. Nursery stock trials have been commenced to test (i) the capabilities of four 
Mertoii and four local stocks as cornpared with standard stocks, and (ii) the performance of root 
stocl<s (otl~cr than Northern Spy) which are inimune to woolly aphis. Attempts to propagate 
applc varieties by means of hardwood cuttings were not successful. This failure may have been 
due to the dry spell experienced this season. 

(b) Pears.-A survey has resulted in the selection of outstanding pear trees in the district 
and the propagation of root stoclis has been commenced. Thc !'~l;tlling pear stfoc:lis have been 
layered. 

(c) Plums.-The English plum root stocks, Pershore, Brompton and Comrnon Plum, 
rooted poorly in the layer beds. Myrobolan " B " propagates readily from cuttings. Outstanding 
plum trees in the district have been noted, and the propagation of selected local stock is 
proceeding. 

(d) A soil survey of eight acres on the Government Reserve has been made preparatory 
to utilizing land for the permanent stock trials. Six classes of soil are present. 

5. Wheat Investigations.-(i) Plag Smut.-Evidence was obtained that high soil temperature 
increases resistance to post-seedling development of flag siriut in certain wheat varieties, bat  
lowers it in others. Confirmatory experiments are in progress. Pot experiments showed that 
(1) the root systems of healthy plants of the wheat varieties used were better developed tlian those 
of flag-smutted plants, (2) the reduction of the root systems of diseased plants was influenced 
by the environmental conditions, (3) that the root system of Federation, a susceptible variety, 
was less affected than that of Ford which is modcrat~ly resistant, and that of Nabawa, a 
resistant variety. The. experiments are being repeated. 

In breeding wheats for resistance to flag smut the usual practice has been to inoculate 
the breeding material with flag smut spores, and later in the season to select the healthy plants. 
Previous work in Canberra on second generation material has shown that no progress is made 
by such s~lection since healthy plants produce just as much disease in the next generation as do 
diseased ones. Further work along the same lines with the third generation has given similar 
results. It may be concluded, therefore, that selection on an individual plant basis for reaction 
to flag smut is useless, a t  least, in the early generations of a cross. Selection on the basis of 
progeny tests is quite effectivc. Experiments conducted on the third generation on the crosses 
Cadia x Geeralying, Federation x Nabawa, and Bobirl s Nabawa showed no association between 
susceptibility to disease and yield. 

(ii) Root Rot of Wheat.-Field experiments failed to reveal any increase in the pathogenicity 
of Ophiobolus graminis due to the joint action of flag smut with this organism on wheat, such as 
that which occurs with another root rotting organism, Pusuriurn culmorurn. Pot experiments 
made two years previously indicated that the addition of one of the minor elements to the soil 
controlled the foot rot of wheat caused by 0. graminis. The experiments were repeated with a 
view to statistical analysis of yield, and the results were significant. Further work is in progress. 

(iii) Yield.-The variety experiment was continued a t  Canberra in 1936. This experiment 
is being conducted in an endeavour to determine which characters of the wheat plant are most 
important in determining yield, with the ultimate objective of being able to breed better 
yielding varieties. The best yielding varieties in 1936 were :-Caliph, 50.9 bushels per acre ; 
Canberra, 49 .0  ; Turvey, 47.6 ; Carlisle, 46 .5  ; Gluyas Early, 46.2 ; Xepoy, 46.0 ; and Riverina, 
46.0. Under the same conditions Yandilla Iiing gave 44.2 and Waratah 3b. 9 bushels per acre. 

The fourth generation of the crosses for investigation of inheritance of yield attributes 
were grown a t  IAIerredin and Wagga, respectively, last year. Data on yield attributes have been 
collected for four generations, and the ai~alysis is now proceeding. 

Last season was unfavorable for the development of rust in Canberra, and thus no progress 
was madc in an effort to determine the loss in yield of varieties susceptible or resistant to rust. 



(iv) Physiology.-The study of physico-chemical factors of expressed wheat saps has been 
continued with a view to obtaining a complete picture of the variations in the relationships 
between these factors throngliout a series of different varieties and seasons. Such a complete 
picture should be useful to the practical plant breeder in connexion with problems of drought 
resistance, disease resistance, and the improvement of quality and yield. 

(v) Grass Clumps.-Following upon the previous work, another 100 varieties of wheat 
have been crossed to determine their constitution for the grass clump character, and thus 
facilitate the formulation of breeding programmes. 

6 .  Tobacco Investigations.-(i) Diseases.-Further experiments have been made with 
benzol and other hydrocarbon vapours for the control of downy mildew (blue mould). Attention 
was also given to modifications, desirable from a practical point of view, which can be made 
without affecting the efficiency of benzol vapour for the control of the disease. Tile study of yellow 
dwarf, a virus disease of great economic importance in some States, was continued. 

(a) Downy Mildew or Blue IWou1d.-lluring the spring, seed-bed experiments in which 
benzol, X3, X300, Plunle cracltcd motor spirit, and C.O.B. beiixol mixture iliotor spirit were 
used a t  evaporation surfaces of 1/72nd and 11144tli of the seed-bed area, were made a t  Eurobiii 
and Swan 1511, Victoria, and a t  Canberra, Federal Capital Territory. The beds were covered 
whenever rain was expected ; but in another experinient seed-beds, in which benzol, X300, and 
C.O.R. benzol motor spirit were used, were uncovered on wet as well as on fine days. Benzol 
vcTas also used in two beds that were uncovered (luring the day for eleven hours, instead of the 
usual nine hours. The prevention of fungal discolouration and of the loss of tensile strength of 
calico covers was investigated in an experiment in which untreated calico was compared with 
calico treated with paraffin wax, Shirlan W.S. plus Agral2, and Shirlan A.G. 

Of the fungicides tried, only benzol, toluol, and X3 solvent have proved to be satisfactory 
for commercial use. Benzol 17apour always gave the best results. With relatively low 
temperatures and nearby sonrces of infcction, an evaporation ratio of 2 sq. inches to each 
square foot of seed-bed is necessary ; but half this ratio is effective if temperatures are high and 
sources of infection distant. Seedlings can bc safely exposed for a t  least 1 2  hours pcr day on 
wet as well as on fine days. C'alico covers treated with Shirlan compounds remained in good 
condition, and are likely to be serviceable for several seasons. 

Benzol is now used by gram-er in practically every tobacco district in the Commonwealth, 
the comnlercial application being extremely simple and quite economical. As heavy losses 
frequently occur as a result of blue mould on plants in the field, attention is being given to methods 
of control under field conditions. 

(b) Yellow Dwarf (Dwarfing).-This is a destructive and widespread disease that has been 
observed in fields in all States except Western Australia and Tasmania. It is most serious in 
Victoria, causing in some seasons crop reduction of 50 per cent. in certain districts, and total 
loss in some fields. The most obvious symptoms are dwarfing and yellowing of the plants, and 
bending down of the margins and tips of young leaves. The disease is transmissik~le by budding 
and grafting, and under field conditions, is rrobably transmitted by an insect vector. It is 
intereshg to note that this dwarfed condition has been ascribed to such causes as poor transplants, 
root rot, d o ~ ~ i y  mildew, &c. 

(c) Other Diseases.-A disease known as bunchy-top or rosette, which has been observed 
in fields for a number of years, was fairly common in northern hew South 'CValcs this year. 
Preliminary investigations showed that it was due to a virus. Mosaic and spotted wilL liwc'been 
observed in many areas, the former being most serious in northern New South Wales, and the 
latter in the Adelaide Hills area of South A~~stralia. A fungal disease causing black stem and 
wilting is being invest'igated. 

(ii) Disease Resisia~zce.-Trials were undertaken at Rriagolong in Victoria ; but although 
mould developed fairly extensively throughout the commercial crops last season, very little 
developed in our field tests fiere. Some indications m-ere noticed that varieties reacted 
differentially to field mould ; and a few varietiss were fairly heavily diseased, and can be rejected 
from further tests. By far the majority of varieties, however, gave a lesser reaction ; and i t  will 
be necessary to repeat the test to be able to distinguish between them. Arrangements have been 
made for its repetition during the coming season. 

Crosses were made between Dungowan and several better quality varieties, with the object 
of combining resistance to field mould of Dungowan wit11 the desirable qualities of the other 
varieties. 

The F, .progency of those crosses grown a t  Briagolong last year were quite promising. 
Seed was obtalned from some a t  Canberra, and they have all been re-sown in the glasshouse to 
obtain seed during the winter for raising the P,'s in the coming season. 



(iii) Chemical Tnvestigations.-The determinations of smoking quality by chemical means 
(experiments conducted in tlle Department of Organic Clieolistry of the University of Sydney) 
is proving difficult ; but nevertheless some progress has been made. Esti!-ilations were niade of 
cellulose and sulphur content of leaves ; but i t  was found that the methods applicable to tobacco 
were not sufficiently accurate. Total nitrogen and srnoke alkalinity did not give satisfactory 
results. However, the lead, picric acid, and Inethylene blue " numbers " have been investigated 
for 53 samples. In general, the results are correlated with aronia and soil type ; and i t  appears 
that these tests are likely to be of value in determining quality. 

(iv) P/iysioZogicul Studies.-Zstimations and analyses of the material from the 1935-36 
experiment have been continued a t  the Waite Agricultural Research Institute. Special attention 
has been given to the influence of phosphorus supply and " topping " on the total nitrogen and 
protein-nitrogen content of leaves. A great nurnber of routine analyses have been made, but, 
until these are con~pleted, it would be premature to discuss the trends already apparent. 

(v) Snzoking Tests.- During the peal, smoking tests were made on leaf samples (unblended 
and not processed) from groivers' samples collected by State officers. Inforn~ation is obtained, 
from the same soarce, on the soil type and cli~~xate, variety and cultivation, curing, &c. The 
results of the tests are cllarted and made available to the resi:ective L)epartnlents of Agriculture ; 
and thus an estimate of the qualities by districts is being accumulated. 'Chese results, co:rCnined 
with soil surreys being nlade bir State officers, and tlie results of referee tests, will gradually make 
i t  possible to determine the suitability of areas and parts of areas for tobacco growing. 

(vi) Curing Experivzents.-Investigations into the curing of tobacco were continued a t  
Wangaratta with a view to determining whether leaf which is rather of the heavy type likely 
to give a lower grade of smolring tobacco can be cured to yield a higher quality tobacco. ~ h k  
results of the year's work tend to show that, by modifying (he curing to take froln 30 to 40 days, 
instead of about six, tlle quality is raised from an average of fairly good to good or even better. 
These results were indicated by s7aoking tests. 

(vii) Ageirag.-Smoking tests silowed that lighter-bodied leaf changes but little after 
ageing ; and poorly-grown inlniature leaf made very little irrlprovernent, if any, after three years. 
On the other hand, well-grown, good-bodied leaf definitely improved over the same period. 

7.  Virus Diseases ofPotatoes.-Thesurvey of Australian potato virus diseases, which has been 
undertaken by the Division I!-it11 the co-operation of tlie State Departments of Agriculture, has 
consisted of field inspections of potato crops in Victoria, New Sotlth Wales, and Taslrlania, and 
greenhouse and laboratory work a t  Canberra with inaterial from these States and Western 
Australia. In  Victoria, the most important potato-growing State, counts of diseased plants and 
distribution maps have been rnade in commercial fields in representative districts. The surveys 
in New South UTales and Tasmania have been confined to estimates of infection and examination 
of the types of symptoins produced by virus diseases on the different varieties of potato. Material 
gathered during the inspections, or sent by officers of the State Depart;nents of Agriculture, has 
been grown in the greenhouse and field at  Canberra ; and inoculations have been perforrned on 
virns-free potatoes and other host plants. Some progress has been made in the separation and 
examination of viruses from the n~ixtures found occurring naturally in potatoes. 

(i) Field Inspections-The principal disease in early and rnaincrop Carnmns in Victoria 
was mosaic caused by viruses of the X group. Infection varied from a fraction of 1 per cent. to 80 
per cent. Up-to-Date and Snowflake (=White Elepl~snt) potatoes were less susceptible to this 
disease. In the tablelands districts of New South Wales, the variety Factor (Up-to-Date type) 
was comparatively free holrl ll~osaic, and leaf roll was kept in coiitrol by mass-roguing. In 
Tasmania the early variety Bislnark and the inain-crop Brownell (= Adirondacl~) were each 
severely attacked by a cllaracteristic mosaic. 

(ii) Greenhouse and Laboratory Work.-The viruses causing destructive diseases in seventeen 
varieties grown in Victoria were found to he nearly all of the Y t~rpe. X type viruses were found 
latent or se~ni-latent in all samples of t;he cornnlon commercial varieties exalriined frorrl Victoria, 
Netv South Wales, Tasmania, and Western Australia. One tuber frorn a lot of 500 apparently 
healthy Factors appeared to be quite free from virus infection ; and it is possible that the virus-free 
potatoes of other varieties will 6e found. 

The work of separating and examining potato virus has so far been mostly concerned with 
the latent viruses. Tliree grouljs have been distinguished, the X type (including ringspot, mottle, 
and yellow mottle), B, and F. Their efiects singly and in combination on a number of hosts are 
being examined. 

8. Diseases of Pens.-Root rot or " Take-all " is a limiting factor in the production of grey 
peas in Tasmania. It is caused by a fungus which, as the name implies, rots the roots and impairs 
the health and vigour of the plants t o  such an extent that sonletimes almost total loss of the crop 
ensues. Laboratory, greenhouse, and field experiments in Canberra during the previous year 



indicated that nitrogen fertilizers might be of value in the control of the disease ; but the results 
of the first year's plot test in Tasmania did not confirm these results. Recent experiments, in 
which Tasmanian soil was used under greenhouse conc-litions, have yielded results which warrant, 
plot trials. They will be made during this year. 

9. Needle-Pzcsion of Pines.-A progress report on this subject is being published as the 
Council's Pamphlet 72. Extensive graftingrexperiments have so far failed to give any evidence 
that the disease is infectious. The liability trees to contract the disease appears to diminish 
markedly from three to eight years (according to the species) after they are planted out. Further 
studies are concerned chiefly with the possibility that the disease is due to soil deficiency or toxicity. 

10. Fungal   is sol our at ion of Paint.-No differences that were deemed significant were 
observed between paints made with different qualities of linseed oil. A preliminary test of the 
effect of three fungicides that were incorporated in paint is in progress. 

11. Brome Smut.-An investigation of the position in Australia with regard to smut of 
Bromus species was commenced in October, 1936. An initial survey of the distribution of the 
smut in the southern tablelands and south-western slopes areas of New South Wales was made 
in December, and material collected. This, together with inoculum obtained froni centres in 
Victoria and froin Adelaide, was used to prepare a composite sample for use in testing for resistance. 
Experiments have been commenced to determine (a) the maximum, minimum, and optimum 
temperatures for infection ; (b) the longevity of the spores ; (c) the effect of de-hulling the seed 
upon the percentage infection ; (a) the resistance to Ustilago bromivora, as found in Australia, 
of promising introductions not known to be attacked here, but reported as susceptible overseas ; 
and (e) the value, as the resistant parent, of types agroiiomically suitable and not reported as 
susceptible to the smut, but not known to be resistant. 

12. Herbarium.-Two notable additions to the collections have been made during the year. 
Since the receipt of 646 specimens from Papua in the previous year, duplicates of the entire 
collection-800 woody specimens and an additional 3,211 specimens of the general collection-of 
the late C. E. Carr in Papua have been acquired. The mounting and poisoning of tl~ese are almost 
completed. More recently, a collection of approximately 5,000 specirneiis of marine algae, 
bequeathed to the Commonwealth of Australia by the late A. H. S. Lucas, has been received. 
This splendid collection was made from the whole coast line of Australia and Tasmania. It is 
classified, labelled, and mounted, and has been housed in a separate section of the general 
herbarium. 

1. General.-The Division of Economic Entomology is concerned primarily with the 
control of insect pests, and with the control of noxious weeds by means of insect enemies. Much 
of the work, particularly in the early years, was necessarily of a fundamental nature ; for it is 
usually impossible to devise practical control measures against insect pests without first acquiring 
detailed information on their life hstories and habits. In many instances, also, it has been 
necessary to carry out taxonomic studies on groups of insects, where the existirig knowledge was 
inconlplete. - 

As a result of fundamental studies in the earlier stages of the work of the Division, knowledge 
of the details of the problems has been considerably increased, and in recent years the investigations 
have extended more into the field. At present, field tests are in progress in almost all the States 
of the Commonwealth. 

Because of the special facilities available a t  Canberra, arrangements have been made for 
the Division to undertake investigations for the Division of Animal Health and Nutrition into the 
mode of transmission of certain blood parasites of cattle, and, more recently, of ephemeral fever 
of cattle. This work has been carried out by the staff of the Section of Veterinary Entomology. 

Through the generosity of the Queensland Governlnent and the Australian Wool Board, an 
area of 40,000 acres near Cunnamulla is being provided and equipped as an experimental sheep 
station. Here " economic problems affecting the sheep industry " will be studied. As one of the 
most urgent of these is the problem of blowfly strike, the proposed station will be of particular 
interest to the Division of Economic Entomology, as well as to the Division of Animal Health ' and Nutrition. It rv-ill provide the much needed facilities for testing preventative measures on 
a practical, cornmereial scale under conditions that will enable accurate records to be obtained, 
both of the efficacy of the methods and the cost of their application. 

2. Noxious ClTeeds.--Work in this field is now conducted jointly by the Divisions of Economic 
Entomology and Plant Industry, and an account on both the entomological and botanical aspects 
of the investigations will be found in a separate section (IV.) of t h s  Report. 



3. The Sheep Blozuy?y Pest.-(i) Studies of the Plies.-Additional surveys of the distribution 
of the sheep blo\vflies have shown that Lucilia cuprina is widely distributed in wcstern New South 
Wales, South Australia, and Victoria, and that CYalZiphora nociva replaces the other species of 
Calliphora in the drier parts of the continent. This species ranks second to L. cuprina in importance 
as a sheep fly. 

Studies of the effect of different rates of desiccation on the growth of maggots in carcasses 
suggest that L. cuprina is more resistant to drying than the otller species. They also indicate 
that desiccation of the  carcass, by rendering food unavailable to the maggots, greatly reduces 
the number of flies that emerge. If desiccation has been so rapid that few or no maggots develop, 
the food materials in the carcass become loclied up, but once more become available when the 
carcass is wetted. Thus, in the arid part of the country, i t  would appear that during a drought 
there is a progressive accumulation of small carrion, whicll beconies available for fly breeding 
as soon as rain falls. 

It has been demonstrated that a t  Canberra many more maggots of Lucilia cuprina mature on 
a struck sheep than in a dead sheep; and general observatioiis indicate that this is probably true 
also in other di~t~ricts. 'Thus there is reason to suspect that the living sheep is the most important 
breeding ground of 1;. clcpritza in Australia. The practical wisdom of paying strict attention to 
the destruction of maggots in crutchings is therefore obvious. 

The demonstration that trapping will reduce the incidence of strike in sheep, and the pressing 
need for the discovery of an efficient repellent which would be incorporated in a lamb-marking 
dressing, have led to an intensification of the work on attractants and repellents. A laboratory 
metllod for studying attractants has been devised, and should prove a valuable adjunct to the 
field tests already developed. Similarly, a special technique for testing repellents has httd to 
be worked out. The analysis of attractive baits has been continued, and the attractive fraction 
has been reduced to a relatively simple mixture of fatty-acid soaps and sulphides. That the 
ultimate attractive material map be a mixture of compou~.ds rather than a single compound is 
suggested by experiments in wliich two odours, each unattractive by itself, are attractive when 
mixed together. An observation that only females of L. cuprina with fully developed egg*: are 
attracted to struck sheep, whereas fertile and infertile females with developed and undeveloped 
eggs are equally attracted to carrion bait, s l i o ~ ~ s  the need for a more detailed study of the attractive 
properties of the fleece and secretions of the sheep. 

(ii) Studies of the Sheep.-These studies have been confined chiefly to  field investigations, 
to  observations on breech conformation (which are not yet sufficiently advanced to report), and 
to studies of wettabiiity and weathering of the fle~ce. 

An examination of 1,334 strikes taken from merino sheep in all parts of Australia showed 
that 89 per cent. of the strikes were on the breech, 75 per cent. being on the inner breech area. 
These figures provide conclusive proof of the importance of the inner breech area, and have led 
to a moclification of the classification formerly used for breech conformation. The remaining 
11 per cent. is made up by head strikes of rams 3 per cent,., body strikes 3 per cent., miscellaneous 
(including strikes of tailing wounds in Iambs) 5 per cent. 

Methods of demonstrating the distribution of free water in the fleece have been developed, 
b17t a satisfactory means of determining the relative amounts of free and absorbed water has not 
yet been discovered. It has been shown, however, that the distribution of free water is very 
irregular in the fleeces of sheep wetted naturally by rain, that the absorption of the water by the 
fleeces is slow, arid that the suint portion takes ul:, most of the moisture t l ~ a t  is absorbed by the 
fleece. A delicate dye test for weathering of the fleece has been developed ; i t  has shown that 
weather (probably sunlight) oxidizes the wax, which loses its protective qualities, thus exposing 
portion of the fibre to damage. The affected part of the fleece is much more accurately defined 
by the dye than by sight or touch, and is found to be mudl less in rugged than in unrugged sheep. 

(iii) The Prevention of Strike.-(a) Trappin<g.-The search for a more efficient bait has been 
continuecl, but none more practically useful than carrion treated with sodium sulphide has been 
found. Further observatior~s on baits treated with calcium sulphide iiidicate that they do catch 
rather more flies than those treated with sodiunl sulphide, but tile difference does not appear to 
be suficiently great to justify the extra cost of the calcium sulplride. The escape of maggots from 
traps has long been a problem, hut it has now been found that, if the bait,be treated with powdered 
borax, its attractivcne:;~ is not impaired and the gromtl~ of maggots is completely prevented. 
Routine testing of proprietary traps has been continued, but none of the several examin~ti during 
the year compared favorably with the Western Australian trap. 

(b) TAc! Mules Operation.-Recent work has supportccl the conc!usion that the operation 
is a valuable method of improving breech conforlnation and reducing strike incideiice. (This 
work is reported in a r  article in tjhe May, 1937, issue of the Council's Journal.) 



(c) Rugging.-Observations on rugged sheep strongly suggest that rugging will prove to 
be an efficient preventative of body strike. >'loreover, it 1las not been found that nat~iral or 
experimental strikes commencing outside the rugged area extend further on rugged than on 
unrugged sheep. 

(a) Lamb-marking Dressing.-During the year, 85 substances have been tested for possible 
repellent properties. They incl~tded reputed repellents, proprietary dressings, sab~tanees which 
are lliglily effective in rendering unattractive a bait with which they are mixed, and a variety 
of other preparations. Only a few gave sufficiently encouraging results to warrant further study 
and some of these have proved to be irritant to the skin, so the list of possibly useful repellents 
so far discovered is very small. 

(iv) The Treatment of Strike.-The diboric dressing has continued to give good results 
but the cost of glycerine has seriously militated against its practical usefulness in commercial 
flocks. Consequently, a search has been made for an alternative vehicle for boric acid. 
Eventually, a method was devised for incorporating it in adequate concentration in bland oils, and 
dressings have been prepared v,~hich have given promisirig results in preliminary tests. The 
general survey of dressings has been continued ; 63 preparations were tested during the year, 

~a ion. of which 41 damaged the skin and were excluded from further examir t' 
4. The BuSfalo-jly Pest (Lyperosia exigua).-As the parasites previously introduced 

appear to have failed, fresh inquiries were made, and it was arranged that Dr. J. G. Myers sllould 
make a survey of the natural enemies of the fly in certain West Indian islands. Dr. Myers' 
survey indicated that a predatory beetle (Hister coenosus) mi@, prove useful, and steps are now 
being taken for these beetles to be sent to Australia for testing. 

5. Blood Parasites of Cattle.-As previously reported, the work now consists mainly of the 
maintenance of pure strains of the various species for the use of outside workers ; during the 
year several batches of blood containing Anaplasma ce~ztrale were sent to Queensland ior 
immunization of stock destined for tick-infested country. In some recent experiments it has h e n  
found that both species of AnapZasma, and Theilericc mutans, can be transirlitted by inoculation 
of blood taken on the second day of the incilbatiorl period, and that the ir~fectioil can be carried 
through several serial passages, all made a t  this early stage. It has also been found that, when 
infection ~vith AnapZasma rnaqyinale and A. centrale is simultaneous, both develop fully, and an 
attack by the first to appear is immediately followed by a relapse due to the second. 

6. Parasites of Cattle Tick.-During the year the United Ciraziers' Association of Queensland 
asked the Council to investigate the possibility of control of cattle ticks by means of parasites. 
A Chalcid wasp, Huntere1lu.s lzoolceri, of wide distribution is known to parasitize cattle ticks, and 
before steps are taken to procure supplies of this insect from overseas, a careful examination of 
Australian cattle ticks (Boophilus anqzdatus microplus) is being made to find out if any parasites are 
already present in this country. So far none has been found. 

7. Ephemeral Fever of Cattle.-Ephemeral fever, often called three day sickness, is an 
acute, but rarely fatal, infectious disease of cattle which is widespread in tropical and sub-tropical 
parts of the world. It had ncver been known in Australia until the autumn of 1936, when it 
appeared suddenly in the far north and swept thro~lgh Queensland and parts of New South Wales. 
It was agreed that investigations should be undertaken by the Queensland Department of 
Agriculture and Stock, the New South Wales Departinelit of Agriculture, anicl the Council. The 
programme of worlc was designed, firstly, to discover how the disease is trailsmitted, so that the 
means by whicll it entered this country may be determilied, and. secondly, to 01)tain further 
infornzation about its nature in order that adequate means of combating it may be devised. 

The disease may be maintained indefinitely by inoculation from animal to animal ; cleaii 
cattle are almost all susceptible ; the incubation period is only two to four days, and the duration 
of the fever one to three days. An experimentally produced attack confers a complete immunity 
which appears to last a t  least two months ; but so far it has not been possible to demonstrate the 
presence of immune bodies in the blood. 

There are many reasons for suspecting that the disease is insect-borne, but all experiments 
set up to test this point gave negaiive results. Judging from these exp~rirnents i t  is doubiful 
whether stable flies (Stomoxys calcitra.ils) or mosquitoes transmit the diseastl rnechanicall y, also 
whether stable flies or the common black bush mosquito (Aedes vigilax) transmit the disease 
after a period of development within the insect. A number of other blood-sucking insects are 
still to be tested, but the onset of winter made i t  necessary to postpone these experiments until 
next season. 

The disease is not transmissible by contact, but can be transmitted sometimes by inoculation 
of nasal mucus. It is readily transmissible by intravenous injections of blood taken from an 
infected aiimal while the fever is high. That the organism is in the blood in cojlsiderable 
concentration is indicated by the fact that it can be transmitted by an intravenous injection 
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of 0.001 mjllilitre of virulent blood. The organism has been shown to be associated with the 
white cells ; and it can be kept alive outside the animal hody for a t  least five days in blood, and 
a t  least seven days in white cell suspensions. In collaboration with Dr. F. M. Burnet of the 
Walter and Eliza Hall Institute of I'atlioiogy, Melbourne: it has bee:] proved t,hat the organism 
causing the disease is small enough to pass tllrough a filter which will retain ortlinary bacteria. 
It is therefore, presumably, to be regarded as belonging to  the group of filterable viruses. 

8. Orchard and Pruit Pests.-(i) Peach Both (Cydia molests).-The estimated loss of 
peaches due to this pest in the Goulburn Valley district of Victoria during the 1936-37 season 
was 30 per cent., which, although very serious, was not as high as in the previous season. An 
outbreak of this pest also occurred this year in a circumscribed district in the Murrumbidgee 
Irrigation Area of New South Wales. 

Although the number of larvae wliich hatched from the over-wintering generation was 
considerably less in 1936 than had been recorded previously, the numbers increased exceedingly 
rapidly in the first and second generations, until by January, 1937, the larvae were just as numerous 
as in pre~ious years. Owing to the rapid tip growth of thc peach tree, especially under irrigation 
conditions, protection of the tips by spraying is maint;linecI for only a few (lays. This difficulty, 
combined with the fact that the moth population will increase rapidly from low numbers early 
in the season, indicated that i t  was probably uneconomical to try to combat the pest by spraying 
during the period of rapid vegetative growth. Spraying was therefore confined to an intensive 
campaign against eggs and Iars-ae which began when the peaches of the main crop were becoming 
susceptible to attack, and was continued until about a week before harvest. During this period, 
sprays were applied a t  approximately weekly intervals in an effort to maintain a complete spray 
cover on the tree. The spray materials used (nicotine sulphate and bentonite ; nicotine sulphate 
and bentonite sulphur-" Kolofog ", white oil ; acid lead arsenate, zinc sulpbate, and lime) had 
previously been tested in the laboratory and shown to possess the necessary toxic properties ; but, 
in spite of this, none of the spray schetlnles gave satisfactory results in the orchard. In America 
efforts to control peach moth by the use of sprays have been equally unsuccessful. 

Last spring a second trial consignment of two peach moth parasites, Macrocentrus ancylivorus 
and Glypta rujiscutellaris, was generously supplied by the United States Bureau of 3t~~itomology 
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and Plant Quarantine. The parasites were bred successfully in a special insectary a t  Bfooroopiia 
(Victoria), and some 2,000 were liberated in the orchards. Recoveries of parasites of t~vo  subsequent 
generations were made from moth larvae collected in the orchards, showing that the parasites 
had definitely established themselves. However, it is not possible to say whether they will survive 
the winter until recoveries have been made next spring: lIeanwhile, ail officer has been sent to 
,lit; reach Moth Parasite Laboratory in New Jersey, United States of America, to study parasites 
and to send consignments of all promising species to Australia, particular attention being given 
to Macrocent~us spp. Efforts mill be made to introduce, breed, and liberate sucll large numbers of -. 

Macrocentl~us that this proinising parasite will certainly establish itself in the Goulburn Valley if '~ 

cor~ditions are favorable for its development there. 
(ii) Coddling Motl& (Cydia pornonella).-(a) Committee.-In 1935 a committee consisting of 

entonlological and horticultural officers of the State Departments of Agriculture and the Council 
was formed. This Committee met in 1935 and 1936, and on both occasions very useful discussions 
on the problem of control of this serious pest took place, thus ensuring closer co-ordination of the 
investigations in each State. It is not considered necessary to hold ailnual meetings in the future, 
and no meeting mill be held during 1937. 

(b) Insecticide Investigations.-Following the recommendation of the Codling Moth 
Committee, a chemist was appointed by the Council to study insecticidal problems. Because of 
the objections by public health authorities to the use of lead arsenate, some other toxic substance 
is required to replace it in codling moth spray scl-ledules. One of the most promising new organic 
insecticides is phenothiazine, but, 1~-11e11 finely divided as a spray deposit, this substance is oxidized 
leaving a black film over the fruit. 1nves<i6ations are in progress with the object of preparing 
phenothiazine derivatives which will not oxidize on exposure. Combinations of nicotine with 
various Australian and imported bentonitic clays and with brown coal are also being studied 
for use as spray materials. 

(iii) Dried Fruit Pests (Ephestia spp.).-Specimens of these insects sent in by the Councils' 
Viticultura,l Research Station, Merbein, have been indentified as Ephestia jigulilelln, an open-air 
breeder. It appears that mummified grapes have been allowed to remain on the vines, and under 
these conditions this pest has multiplied and entered the packi~ig sheds. 

9. Pield Crop and Pasture Pests.-(i) Grasshopper Investigation.-During the year two 
periods wc re spent in the field investigating this problem. During the first, from 20th September 
to 28th P.ovember, a large part of the area of inf~3tation of Chortoicetes terminifera in New South 
wales and .,nnth.rrl Q i l ~ ~ n r  lid was visited a t  a tinie when swarms of over-wintering adults 
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w~T': present in par:$ '-2 q r ~ c .  ['he source of origin o: swdrms was investigated, and evidence 
<as obtained of thp ; 9 of ir : I  iscribed outbreak cc xes, the location and characteristics of . . 

which were studied, . .. ,,, ~71~1o::l i 'kt of outbreal; cent , dra~vn ~ r l  P;elimi~%ry investigations 
of the life cycle of this species in the various areas visited wert: made. Observations were also 
made on the distribution of other species, especially the injurious Austroicetes julyi, Bedaleus 
australis, and Pltauincriclium vittatum. 

The second field trip, in February, was undertaken with the l x a n r e  specific object of 
investigating the areas ~vltich had been the nucleus of thc 1933 -35 o1nt1>.. . !I. . i K;lw South Wales, 
and which had been free from grasslioppers since 1935. The limitr rnain outbreak centre 
were accurately determined, and a preliminary study of its generG ' cr sl +cal chara~heristics was 
made. The positions, both of the main and of certain minor. .k centres, were broadly 
the same as those established for 1933-34 by Mr. H. Ea. ' -  ,. 2 the New South Wales 
Department of Agriculture. Various topographical obse r~- .~ ; ( :~  ..ere made in an emdeavour to 
explain certain regularities in the routes ta,lien by swarms migr -5wards. The role of tinlber 
and mountains as barriers to migration was established. 

In  addition, two short visits, in &lay, 1936, and i :e paid to the outer wheat 
belt of ?I estern Australia ~vherc grasshopper plagues I. a ' . vere, and observations were 
made on the type of country and the egg beds of the plapl - . , dusiroicetes ju~zgi. A parasitic 
fly wtich had not previously been recorded from A.  jung. t l - - - d  attacking thc eggs. 

+1 great deal of inforlnation about past outbrwi ,. iarious species of grasshoppers has 
beell obtained from the records of the Departrnent8s of Agric:i.,l  re of New South MTales, Queensland, 
and J?Testerii Australia, fron~ fieid officers, and from, tl,e i': . r e .  This information, together 4 
with p;isonal observations of ofhcers of the Uii-ision, he- + ksed and cdlated in tlie form . . -  
of a paper on the regioual and seasonal incidence of gras ,- - 1 .A - ..A* - izic!, ~3 now practically 
ready '9r publication. Before this work could be uni. v -ns~  to determine the 
correct lames of the spccics concerned, and an extw 3 .- n of the genera 
Clhortoicetes, Austroicetes a d  I'haulacridium was rnaA. ~ecies have been 
determined. 

As the result of preliminary breeding experiments in er;w o l , , ~ ~ ~  :,rider controlled 
conditions, a certain amount of information has been obtaintd ;n tilt, 41 .wiy  of C. terminifera, 
il. jungi, and A. pusilla. A differei~ce in morphology has been deinonstrat'ed between grasshoppers 
occurring sil~gly and in swarms. These so-called phase diRerences occur in Chortoicetes terminzlfern 
and Gastrimargus musicus ; and Azkstroicetes jungi is now being studied to see if such differences 
occur in this species. 

(ii) Unde~yround Grass Grub (Oncopera).-As Oncopera rufobrunnea is a t  present comlnon 
in Canberra, plenty of material is available for experiments, under natural conditions, with the 
New Zealarld paimitic fly, II~lcxumera. Arrangements were made with 1\Ir. Salmon, of the Dominion 
Museum, Wellington, to send two consignnlent-; of parasites early i11 January. Ur~fori-unately, 
owing to very bad weather, none were procurable this year. 

During Iris visit to Enghnd and Amerib last year, Mr. Tindale, of the South Australian 
Museum, made further inqru-iles about the natural enemies of Oncopera, especially the parasitic 
wasp, Alowyia clebellcitor. I t  is hoped that the first consigninent of these parasites from England 
will arrive this year. 

The common European toad Bzlfo bufo introduced from England last year was tested 
under field coilditions hy means of a large cage placed on a lawn heavily infested with Oncopera. 
As there was no indicntioil that the toads could attack Oncopera in its burrows, no further 
experiments will he made with them. 

(iii) Lucerne Plea or Clover Spring-Tail (Xminthurus viridis).-Further field surveys were 
made in southern New South Wales, north-eastern Victoria, and in the central ant1 south-\vestern 
districts of Victoria last spring. Except in the districts in the far south-west of Victoria, thir 
pest occurs only in isolatcd localities. In some places the predatory mite Biscirus lapidarius 
was well established, and in otl~er lilaees 'I'rcsh consignments of mites frorn Western Australia 
were liberated. 

(iv) Red-legcqed Earth 1C1.ites (Halo!?gdeus destructor a ? d  Penthaleus major).-As the result 
of representations from WTestern Anstralia, an officer was recently appointed by the Council to 
study this pest. He has begun a progranlme of investigations on the influence of agricultural 
practice upon the abundance of mites. Through the courtesy of the University of Pert11 and the 
Western Australian Depa,rtment of Agriculture, facilities for l a h ~ r ~ ~ t s r y  ac>ovvllnodstion and 
field work have been made available. 

(v) Shelter Bag Moth (Ochr~~qaster contraria).-The work on this pest has demonstrated that 
it is heavily zltackcd b? ;i, nun~her of different kinds of natural enemies. The life cycle alid 
seasonal hi$tory of two of these, a C'halcid wasp (a n ~ w  species of Bupelmus) and a moth, Titanoceros 
thenzoptera, have been worked out from egg material. Five species of fly parasites (Tachinids) 
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and some cocoons of a hymenopterous parasite have been obtained from the bags. Considerable 
defoliation of the trees can be prevented if the bags are cut out early in the year when they are 
about the size of a hen's egg. I-lowever, if this procedure is adopted, care should be taken riot to 
remove bags containing the predatory larvae of the moth Titalzoceros. These bags call easily 
be recognized. 

(vi) Cabbage Moth (Plutella maculipennis).-Efforts to introduce the parasite Angitia 
fenestralis into Australia from England last year were unsuccessful ; but this parasite has recently 
been introduced into New Zealand, via Panama. When i t  has become established in New Zealand, 
supplies will be obtained from there. 

10. Termite (White Ant) Investigations.-Owing to the increasing demand for information 
about this destructive group of insects, a monograph on the Australian termites is being prepared. 

(i) The Direct Control of Termites.-Powdered white arsenic has been used successfillly in 
Queensland against Mastotermes and Cryptotermes-two wood-eating species responsible for much 
damage in timber. For the latter species a 5 per solution of paradichlorbenzene in lierosene 
has recently been found effective. 

(iii) Termites on Aerodromes in  Northern Australia.-Thg method of destroying mound 
colonies of grass-eating species of termites with powdered white arsenic was also successful on 
aerodromes. This simple, inexpensive method has been recommended to the Civil Aviation Board ; 
but, unfortunately, i t  can only be used against colonies which have already formed mounds. 
The same species of termites often live underground for a considerable period before making 
mounds ; and such colonies are very difficult to find. Daring the coming year it is hoped that 
tests can be made of simple methods of destroying both mound-building and subterranean colonies 
of these termites. 

(iv) Field Testing.-Experiments have shown that when a large number of samples 
of susceptible wood (e.g., Eucalyptus regnans) were placed in the earth around a mouud containing 
Eutermes, the probability that all samples would be attacked was much higher than when only a few 
saniplcs were used. It was therefore suggested that, if a continuous strip of susceptible wood were 
sunk in a circle aroulld the mound, and the samples to be tested were placed against this strip, 
the termites might come more uniformly in contact with the samples. This method was tested 
with very satisfactory results ; and timbers or treated materials of low resistance to attack are 
reliably indicated in less than a year. This is a remarkably short time compared with the period 
of a t  least five years which was previously thought necessary for a satisfactory field test. This 
method has now been adopted for all field tests of treated and untreated timbers. 

(v) Laboratory Testing.-During the past year the method of testing susceptibility to 
termite attack by means of standard laboratory colonies of Eutermes exitiosus has been used 
continuously and for a variety of substances, with very satisfactory results. By using this simple 
nlethod an accurate quantitative measure of susceptibility can be obtained in twelve weeks. 
The susceptibility of four different timbers-Eucalyptus regnans, E.  pilularis, E. crebra, and 
Araucaria cunninghamii-has been studied in detail ; and statistical aiialysis of the results 
indicates that resistance of timbers could be ineasured better by taking samples of each timber 
from several trees a t  the expense of the nun~ber of samples taken from one tree. I n  addition 
to testing the resistance of untreated timbers, standard laboratory colonies have also been used 
to determine the resistance of different materials to termite attack, such as certain underground 
cable-jointing compounds and prepared plaster boards and liners, and the relative value of arsenic 
trioxide and arsenic pentoxide when used to impregnate timber against termite attack. 

A method of testing with standard laboratory colonies of JJastotermes darzoiniensis, the 
large destructive termite of t,ropicul Australia, is now being developed and promises to give 
satisfactory results. 

11. Pine Cherrnes (Pineus pini).-Further liberations of the parasitic fly Leucopis obscura 
were made in pine plantations in the Federal Capital Territory this year. As there is no evidence 
of the survival of flies from this or previous liberations, no further introductiorls of this parasite 
\vill be made for the present. Of tlie lace-wing insect predators only about 200 larvae of Wesrnaeleus 

,a Ion. concinnus have been liberated this year ; and none of these have been recovered from the plant t' 



It is hoped that introductions of lady-bird beetles of the genus Scymnzcs will be more successful. 
A native species, Sc. purnilio, a predator on chermes, is fairly common in pine plantations a t  
Canberra, but does not control the pest adequately. A consignment of this species has been sent 
to Queensland. 

12. Oak aphis (Myzocallis annuha).-Arrangements have been made to introduce three 
parasites, Praon volucre, P. jlavinodes, and Trioxys uceris from England, and to breed these 
parasites in tlic insectary a t  Canberra. 

13. Greenhouse White-JEy (Trialeurodes vaporarium).-The wasp Encarsia formosa, which 
was introduced two years ago, has proved to be an extraordinarily effective parasite ; and recent 
reports received from New South Wales and Victoria indicate that i t  is well established and 
effectively wiping out white-fly both in glasshouses and in the field. Last September, supplies 
were sent to the Waite Agricultural Researcli Institute, South Australia, where the parasite 
also established itself rapidly. 

14. rSilverJish (Ctenolepisma longicaudatu).--An extensive series of experiments with 
different toxic materials showed that barium fluosilicate and zinc borate are the most poisonous 
to silverfish. These substances, incorporated in sweetened paste and spread on cardboard, were 
subsequently tested extensively in infested houses, and barium fluosilicate gave the best results. 
It is therefore recommended that heavily infested places should be sprayed with a kerosene- 
pyrethrum spray a t  least twice, a t  intervals of about a week, and then cards baited with a paste 
made of 1 ounce flour, 1; ounces sugar, ounce barium fluosilicate, and 10 fluid ounces water, 
bc placed where silverfish are commonly found. This procedure, when carried out thoioughly, 
has been very effective. 

15. Garden Snails (Helix aspersa).-Two small batches of larvae of the Enqlish gfow-worm 
Lampyris noctiluca, which feeds exclusively on small snails, have been liberated in the field this 
year. Some months later several adults were found in the locality where the larvae were liberated. 
Arrangements have been made to import further supplies of glow-wornis from England and 
Belgium next spring. 

16. Systematic and General Entomology.-As opportunities offer, studies have been made of 
the life histories, habits, and ccology of Australian insects, more particularly of species belonging 
to groups of economic importance. Several new life histories of blowflies have been worked out ; 
some live on dead insects, others on snails, and others on small vertebrates. Perhaps the most 
interesting is Helicobia australis which develops in carcasses of grasshoppers. This species was 
formerly thought to be a parasite, but i t  is now known that it only breeds in grasshoppers which 
have been injured or killed by other agencies. Methods of rearing cultures of some of the more 
refractory species of Calliphora have also been worked out, and mill be employed in a study of 
the very closely related forms, for example, C. augur and G. nociva which attack sheep, in order 
to determine whether they are really distinct species, or merely variations induced by differences 
in environment. 

About 5,000 spccimens have been added to the museum collections during the past year, 
of which about 2,000 were generously presented by Mrs. Tillyard from the collectlion of the late 
Dr. R.  J. Tillyard, former Chief of this Division. A detailed revision of Australian grasshoppers 
is in progress ; and representative collectioins of named specimens of economic species have been 
given to various State Departments of Agriculture. In addition, insects have been identified 
for various individual workers and institutions in Australia and abroad ; and advice or practical 
assistance in treating insect pests has been given in response to various inquiries. 

17. Benejciul Insects Sent Overseas.-At the request of the United States Bureau of 
Entomology and Plant Quarantine, two consignments of Gambrus stokesii, a native parasite of 
the codling moth and the Oriental peach moth, were collected in the Sydney district, and kindly 
shipped by officers of the Entomology Branch, New South Wales Department of Agriculture. 
Three consignments of the lady-bird beetle Leis conformis were despatched by air to the 
E!ntomological Section, Department of Agriculture, Egypt, to control aphides. The mortality 
in these, as in all consigninents of insects received from overseas by air, was high. An inquiry 
into conditions daring air transit is required before the advantages of this method of transport 
can be utilized. 

18. Index of Beneficial Insects introduced into Australia.-By means of information kindly 
submitted by entomolo~ists in the various States, Divisional records, and entomological publications, 
an index of all beneficial insects introduced into Australia for the coritrol of insect pests and 
weeds is being prepared. The index will be reviewed annually in the future. Copies in tabular 
form will be widely circulated in Australia and abroad. The section dealing with beneficial 
insects introduced to control insect pests will be available shortly. 



IV. NOXIOUS WEEDS INVESTIGATIONS. 
I.-General.-A brief review of the circumstances of the formation of the Section of 

Weeds Investigations, and its early activities under the general control of the Chiefs of the 
Divisions of Plant Industry and Economic Entomology, are set out on p a p  29 of the Tenth 
Annual Report (1936). As indicated there, the prololei11 of the control of noxlous weeds is being 
invcstigated from all possible angles. Life history stutlies of individual weed species are carried 
out under controlled conditions in the 1:lboratory ; and control in the field is attempted by rneans 
of (a)  insects, (b) cultural methods, (c) weed-Billers, (a) agqressive competing plants, and (e) pasture 
management. 

Physiological and developmental studies of Cape tulip, skeleton weed, and nut grass are 
in hand, and have yielded information as to tlrc stage of growth when wccd-killers may bc most 
effectively applied in the field. Experiments with weed-killers demonstrate that, because of 
the cost of application, their use will be limited to areas where new infestations occur, or to control 
in places not suitahle for other mcthods. \Teed control by systematic cultivation is being studied 
with slieleton weed and nut grass. The most promising line of attack appe~lrs to be by rneans of 
pasture improvement, involving the use of productive competing plants, adeclnate manuring, 
and systematic grazing management. Promising iudications of control by this means ha,ve been 
observed wit11 Cape tulip, skeleton weed and St. John's wort, and with galvanized burr, by 
modifying the grazing intensity alone. 

During this year an officer has been transferred to Queensland where he is working, with 
head-quarters a t  the Queensland Agricultural EIigh School and College, Gatton, on the nut grass 
and galvanized burr problems ; and another has been located a t  Griffith to work on curnbungi 
(bulrush) and other weedy of irrigation channels. 

At the end of April, Dr. G. A.  Cnrrie, the senior officer of the section, left for six months 
overseas to enable him to meet the Council's entomologists stationed in England, France, and the 
United States of America, and to discuss with them $heir problems in obtaining and testing 
promising insects for use in the weed control work in Australia. He proposes, too, to visit 
ir~stitl~tjons and worlcers cor~ccrrled with weed research, and, by personal contact, to become 
familiar with the most recent devcloprnents in tecl~nique abroad. 

Co-operation with officers of State Departments of~\gric~~lture and of Lands has been 
effectively maintained. The existence of the special ITcecls Co-ordination Committee directing 
the co-operative efforts of the officers of the New South Wales Department of Agriculture and of 
the Council has been of very definite assistance, particularly to the work on slceleton weed and 
St. John's wort. 

The entomological side of the work has been continued by officers of the Division of 
Economic Entomology stationed in England, the south of Prance, and in the southern States of 
the TTnited States of America, as well as by those working in Australia. Promising insects for 
use in the control of introduced weeds are studieci o\ i.rbeas, and wElcln it is found that they are 
unable to feed 011 plants of economic importance other than the specific weed for which they are 
required, consigi~ments are sent to Australia for further intensive study and testing in quarantine 
insectaries a t  Canberra. If again found satisfactory and unable to attack plants of economic 
importance, trial liberations are made a t  chosen sites in the field. 

2. Entomological Control.-(i) St John's Wort (Hypericum perforaturn).-The search for 
insects attacking this weed has continued a t  Parnham Royal, England, and in the south of France. 
The centre for work in France has been moved from Hybres to Ls Lavandou, where facilities for 
the work have been proviclcd in the form of a new laboratory. A survey of Algeria as a source 
of insects for use with St. <John's wort indicated that the number of insects attacking this weed 
was srnallcr there than in ille south of France. Tlie insects studied include :- 

Chlysolina (Chrysomela) spp.-The three species C. variana, C. brunsvicertsis, and 
C. kyperici, which have so far failed to establish themselves in Australia, have been kept under 
observation while attention has been concentrated on C. geminata. This species is found in 
the south of France, where the climatic conditions are more liltc the Australian habitat than 
are the English conditions. It is hopcd, therefore, that this species will be better able to establish 
itself here. When tlle present life-history studies and starvation tests are completed, this beetle 
will be introduced into Australia. 

Lathronympha Izypericaan.-A large number of root-stocks of St. John's wort containing 
over-wintering larvae of this species were received from England ; but, as in the previous year, 
the moths that emerged failed to oviposit in Canberra. 

A~zaitis p1aginta.-In England, material of this species was very scarce in the field in 
this ycar. Of 6,000 over-wintering larvae imported to ilnstralin in cool store, 2,600 arrived 
alive. Prom the follow in,^ generation reared in tlle insectary, 2,000 larvae, together with a number 
of adults and eggs, were liberated neat Bright, Victoria. No sign of survivors from the previous 
season's liberations near Bright, nor any evidence of their activity, could be found. 



Agrilus hyperici.-Life history studies and starvation tests with this stem and root borer 
continued in Prance and England, and indicate that this insect cannot harm plants of economic 
importance. With the conipletion of these tests the species will be introduced into Australia 
in the coming season. As it lives within the stems of St. John's wort, it is hoped that the insect 
will be able to escape the attacks of predacious animals. - 

Zeuxidiplosis giardiana.-Further observations were made on this gall niidge ; and studies 
of its life history and local paramsites were undertaken in France. In Erlgland, this species is 
undergoing starvation tests. - > 

Aristoteliu spp.-Two of these moths, A. atrelia and A. morphochroma, have been found 
to attack St. John's wort in France. The larvae feed on the young termill;xl leaves and 011 the 

I flower heads, and also bore into the stems. The life histories are being studied in France ; and 
starvation tests are being conducted in England with A.  morphochroma. It has been found that 
the larvae bore into, and feed on, many ofthe test plants, although they are unable to coml)lete 
their development in them. Further careful studies will be undertaken before importation into 
Australia is considered. 

Aphis chloris.-Breeding stocks of this aphid have been maintained in England, and 
consignments of over-wintering eggs have been received a t  Canberra. Although insects from 
these eggs passed through many generations and laid eggs on St. John's wort plants in the 
insectaries a t  Canberra, none of the eggs hatched iii the follo-cl-iiig spring, and all were found to 
have collapsed. 

Tentl~redo spp.-Two sawflies, T. zona and T. amoena, have been found feeding on St. 
John's wort plants in the south of France, and studies of their life-histories have been commenced. - 

In Prance, observations are being made 011 several moths whose larvae feed on the leaves ; 
while in England studies are being made of the fly, Pegomyia, the larvae of which feed in the 
unopened fioxver heads. 

(ii) Noogoora Burr (Xanthium pungens).-On this problem the Council has worked in close 
co-operntion with the Commonwealth Priclrly Pear Board in Australia and America. The 
Council's officer working in the United States of America has been transferred from Kansas to 
Texas to work with the officers of the Prickly Pear Board a t  Uvalde. 'I'he joint investigations 
a t  Uvalde are supervised by a senior officer of the Board. The location of tlie work in Texas 
was decided rlpomi hecause the wider ralrge of insect types for burr work exists there, and because 
the insect fauna of burrs in Kansas has now been thoroughly studied. Following careful study 
in the United States of America, the insects are received into quarantine insectaries in Canberra. 
After the insects have been bred there and freed from parasites, they are despatched to the 
Prickly Pear Laboratory a t  Sherwood, Rrisbane, where final starvation tests are carried out. 
Subsequent liberations are made by the officers of the Board. 

Euuresta aequa1is.-The flies which were liberated in Queensland last year oviposited in 
burrs in the field. Adults of the following generation, however, emerged three months before 
burrs were available in which to oviposit ; and consequently the species was unable to establish 
itself. A large consignment of burrs containing larvae was received from Texas during the year. 
Some of this material was sent to the Prickly Pcar Board's laboratory at Sherwood and t'he rest 
held a t  Canberra. In previous years a t  Canberra flies emerged from Kansas burrs during March- 
April. In this season flies have not emerged but have over-wintered in the illsectaries as larvae. 
At Sherwood a number of flies emerged during April and May. As burrs are not produced in 
the field after May, the remaining larvae have been placed in cool store until next summer. It 
is possible that the life cycle is longer in Texas, and that this form may prove to be better suited 
to Australian conditions. 

Dectes spinosus.-Four thousand root-stocks of Noogoora burr collected in the field in 
Texas, and coi~ta,ining larvae of this beet,le, were received a t  Canberra during the year. Prom 
these, ahout 600 Decles beetles arid a large nuniber of parasites emerged. T t ~ e  mortality from 
parasitism was at  least 50 per cent. The beetles were bred in the heated insectary a t  Canberra 
and despatched a t  frequent intervals to Sherwood, where starvation tests were commenced. Of 
the 559 adults despatched to Sherwood, 231 were alive and active on arrival. Further 
consignments will be sent to Canberra from Texas ; and the starvation tests will be continued 
a t  Sherwood during the coming season. 

Baris interstitialis (B. callida).-Six thousand adults of this beetle were sent to Canberra 
from Texas for quarantine purposes. These were later forwarded to Sherwood, where starvation 
tests were undertaken. It has been found that this beetle cannot feed on plants of economic 
importance other than artichoke. 

Ataxicx hubbanii.-A trial consignme~lt of larvae in the stems of Noogoora burr was received 
in Canberra in good condition. Alt'llough this insect can feed on several plants of economic 
importance, it has been studied further in case importation into Australia is later desired. 



Other insects for burr control.--A considerable amount of taxonomic work has been conducted 
in America on the new insects found on burr in Texas ; and a large ainount of material has been 
identified. Investigations with the following insects have been undertalien :- Dectes brevisetosus, 
Cylindrocopterus adspersus, C. mar)zmillatus, Baris socialis, illecas inornata, and 41. satu?*nina. 

During the year the investigators in America toured Texas, New Mexico, and Arizona. 
As a result, further information regarding the distribution of insects attacking burrs was gained ; 
and a large amount of insect material was collected for further study a t  Uvalde. 

(iii) Lantana (Lantana camara).-The lantana bug, Teleonemia latanae, has been bred in 
the heated insectary a t  Canberra. and has been treated to remove possible infection by the 
parasitic fungus wl-iich attacks i t  in Fiji. Two liberations have been made in Australia, one at 
Grafton, New South Wales, and the other a t  Atherton, Queensland, in co-operation with officers 
of the State Departments of Agriculture. At both places the colonies have disappeared. Further 
attempts d l  be made to establish the bugs in the field frorrl stoclrs bred a t  Canberra. A 
consignment of 1,000 bugs was sent to Norfolk Islnnd. Three hundred and thirty-five bugs 
survived the journey and were liberated at  two different places on the Island. 

1 (iv) Ragwort (Senecio jacobuea).-Ty~ia jacobaeae.-About 20,500 pupae of the cinnabar 
moth, collected in the field in England, were forwarded to Canberra. A large proportion of these 
were parasitized. Proni the following generation reared in the insectary, 5,000 eggs, 300 larvae, 
and 200 adults, were liberated at  Beech Forest, Victoria. Working in co-operation with officers 
of the Department of Lands and Survey, Victoria, it was found that the moths and larvae on 
liberation were a t  once attacked and removed by scorpion flies (Harpobittacus sp.). A survey of 
the district subsequently demonstrated that Ilarypobittacus was particularly abundant and active in 
the area, and that it would be impossible to establish moths there in the presence of these predators. 
As Harp3bittaczcs has a somewhat limited distribution, an attempt will be made in the coming 
season to establish the cinnabar moth in ragtvort-infested areas in Gippsland, Victoria. 

Pegohylemyia seneciel1a.-Twenty-five thonsand puparia of this seed fly were collected 
in England and sent in cool store to Canberra. Only 210 adults emerged. These were placed on 
flower heads of ragwort in cages, but failed to  lay eggs. Fromising reports have been received of 
laboratory experiments with this insect in New Zealand. 

(v) Nut Gmss (Cyperus rotu)~dzcs).-Arrangenients have been made for further consignments 
of the moth Bactra truculenta and the weevil Athesapeuta cyperi to be sent to Canberra. 

(iv) Slteleton weed (Chondrilla juncea).-Afelanagromyza cunctata.-This leaf miner has been 
found attacking the leaves of sltcleton weed in the south of France and its life history is being 
studied. Other insects of skeleton weed being studied in the south of Prance include Trypetids 
and Ceci(lornz~iids, ~vhich feed on the flower heads, and a species of black aphid. 

(vii) Other weeds.-The insects attacking Nexican poppy (Argernone mecicana) and the 
ground cherry (Physalis lanceolnta) in America have received some attention. Anulnber of insects 
have been found attacking the St. Barnaby's thistle (Centaura solstitialis) in the south of Prance. 
These insect,s include seed flies ar~d beetles which feed on the flower heads, moth larvae which bore 
in the steins, and scale-insects and aphids which feed on the stems and leaves. 

3. Chemical and Other Forms of Control.-This phase of the work has still further developed 
during tlie period under review. Four officers of the section are working in the Division of Plant 
Industry on the proble~rls involved. 

An ecologist is collaborating with officers of the New South Wales Department of Agriculture 
in conductring field experiments on the control of slieleton weed and St. John's wort by chemical 
and cultrun1 methods and by plant competition, and with an assistant ecologist in studing the 
effect of varying intensities and various systems of grazing on the balance of useful and weed 
species in pastures. The viewpoiilt is that of the plant ecologist who is concerned with discovering 
what factor or factors are responsible for the dominance of useful or noxious species in a particular 
pashlre sward, and how such factors may be altered to permit useful plants to regain dominance 
where weed irivasioiz has occurred. An assistant ecologist is investigating methods of control 
of weeds of irrigation areas. Detailed life history studies of weed species are carried out to obtain 
information on wliich to base field experiments. 

The study of weed-killers and spreaders, and inquiries into the development of new 
compounds for use in spraying work, are carried out by a plant physiologist. Work with weed- 
killers so far indicates that the most satisfactory chemicals available act as soil sterilizers and 
not specifically on the weed plant. A highly toxic compound capable of penetrating into the plant 
and of translocation to  all parts of it without affecting subsequent soil productivity is the ideal 
material for use in spray work. 

(i) Skeleton weed (Chondrilla j~ncea).-~4t Canberra life history studies of the plant in the 
seedling year have yielded information on the production of leaf and stem, development of the 
perennial root-stock, set of seed, transpiration rate, and chemical composition a t  varying stages 



of growth. This study will be continued with second year material. Seeds germinate very rapidly, 
and have a high germination capacity. Studies in pots indicate that skeleton weed seedlings 
have little if any effect on the yield of associated wheat plants, and that the very strong effect of 
established plants on the yield of crops is due to competition for water and nutrients and not to 
excretion by the weed of material toxic to other species. 

At Wagga the experiments on the use of weed-killers conducted in collaboration with 
officers of the New Soutlz Wales Department of Agriculture, and still in progress, have shown 
that common salt and sodium chlorate are the most effective of the.treatments applied. These 
materials also have tlie most pronounced effect in depressing subsequent soil productivity. The 
effective chemicals in the earlier work are applied a t  different concentrations and at different 
times, and untried materials are included as they beconie available. Work is also in hand on the 
question of the rapid restoration of soil productivity following chlorate applications. Early 
fallowing and frequent cultivations appear to favour the subsequent wheat crop in competition 
TT-it11 skeleton weecl. Species trials: experiments with competing plants, and combined factor 
experiments are continuing. The most promising line of attack on the problem of skeleton weed 
control a t  present appears to lie in modification of the farming systern-the adoption of 
stocli-raising in conjunction with wheat farming, involving as it does the use of temporary 
past~~res crop rotations, and efficient grazing management. 

(ii) Nut Grass (Cyperus rotuncus).-The work on this weed, which is a serious pest of 
cultivated crops in summer rainfall areas, has becn intensified during the year. Life history 
studies have been carried out, and trials involving frequency of cultivation, the use of competing 
plants, and applications of chemicals have continued. No satisfactory spraying material has 
been discovered ; but efforts to find one will be continued if only for use where new infestations 
occur. Regular .ivcekly cultivations for eighteen months have given some measure of control ; 
but it is not an economical procedure in practice. TWO species of promise for use as competing 
plants in the Locliyer Valley have been found. Indications are that, failing entomological control, 
rotations of crops including efficient plant competitors will give a fair measure of control. 

(iii) Wild Turnip (Brassica Tournffortii).-The experiments planned for the control of 
wild turnip in wheat fields in Western Australia in 1936 could not be carried out because of 
unfavorable seasonal conditions. It is expected that this work will be done in the coming 
season. 

(iv) Cape Tulip (Homeria collina).-At Canberra pot-culture experiments have yielded 
information on the life history of this species, including the production of leaf, stem, roots, and 
seed, its water requirements, the translocation of reserves, and so on. Indications are that 
applications of weed-killers in the field will be found most eff'ective in early September when the 
reserves of the old corm are exhausted and new corms are being formed. At Clare (South Australia) 
interesting results are being obtained from species trials, and the effects of plant competition 
are being studied. Further experiments with weed-killers are planned in the coming year. 

(v) S t .  John's W70rt (Nypericum perforatzcm).-During the period under review, experiments 
on the control of this weed were begun near Tumbarumba, New South Wales, and are being 
carried out in collaboration with officcrs of the New South Wales Department of Agriculture. 
The trials include a review of weed-liillers ill relation to their effect on this weed, and the discovery 
of suitable competing plants mixtures, and the best methods of establishing them in weed-infested 
country. Life liistory and germination studies are being undertaken in the laboratory. 

(vi) Galvanixcd Rztrr (Bassia Birchii).-Work on this weed has been commenced on two 
properties in the St. George district, Queensland. The main experiment is concerned with the 
effect of varying the grazing intensity and management methods on the relative densities of burr 
and useful plants on an area heavily infested with Bassia. Trials wit11 weed-lcillers are also 
under way, and an attempt is being made to establish species of possible value as cornpoting 
plants. The cluestions of seed germination and seedling establishment are being studied at 
Gatton. 

(vii) Bulrush (Typha spp.).-Following the appointment of an investigator, work on bulrush 
or " cunlbungi " has been begun in the Murrumbidgec Irrigation Areas. Surveys of irrigation 
channels and natural watercourses show that the establishment of bulrush froill seed is facilitated 
by low water velocities, the depositiori of organic muck, and the absence of conipetition from other 
drain-side plants. A fluctuating water level in channels is dangerous in thnt i t  provides conditions 
suituble for Typlza establishment. Individual plants produce large numbers of viable seeds. 
When established, vegetative spread is rapid. Experiments in progress include the use of foliage 
sprays, mechanical methods of removal, and various cutting treatments. Other weeds of irrigation 
channels are studied also. 

(viii) Other Weeds.-The above weeds have been selected for immediate attention because 
1 of their importance. Experience at  St'. George in the Bussia work should indicate how far pasture 
I 



management can control weeds of pastures in the drier areas, and will permit the development 
of technique in such work. Experiments on control of Johnson grass with cliemicals and a flame 
thrower are in hand, and surveys have been made in connexion with other weeds. 

(ix) Chemical and Physiological Investigations.-TogetIier with an attempt t o  discover 
substances of value as weed-killers and a study of the role of wetting and spreading agents in 
spraying work, some attention has been given to the question of soil sterilization by means of 
chemicals. The substances commonly used in weed spraying work are readily soluble in ~vatez 
and consequently are usually rapidly lcached from the soil layers inhabited by plant roots. For 
this purpose substances which are relatively insoluble in water but which are dissolved by weakly 
acid excretions from roots and which are held reasonably permanently in the soil are desired. 
By adding solutions of two water-sohlble salts and inducing precipitation of an insoluble toxic 
substance in the soil, some promising results have been obtained. Ferrous arsenite and copper 
arsenite, applied in this way, have proved more effective than sodium chlorate and copper sulphate, 
and nlay l)e useful for sterilizing banlis of irrigation canals, for footpaths, kc. They have the 
advantage of being less poisonous to animals than are soluble arsenic compounds. The possibility 
of developing an instrument capable of measuring the moisture content of plants in the field is 
being studied, and when developed will be used in deciding the tinie a t  which to apply spray 
solutions. 

Analyses in connexion with life history studies of weeds have been carried out to follow 
the mineral a n d  carbohydrate metabolisin of the plants. In  addition some attention has been 
given to the problem of arsenical spray injury in apples. 

V. ANTMAT, HEALTH AND NUTRITION INVESTIGATIONS. 
1. General.-Development of the work along the lines indicated in the previous report 

has continued in all the States, with the main centres for laboratory work in Sydney, Aielbourne, 
and Adclaiclc. The Research Station a t  Townsville reverted to the coi~trol of the Queensland 
Department of Agriculture and Rtock from 1st Oct,ol~er, 1936. The laboratory studies on 
pleuro-pneumonia have been continued in &Ielbourne, while work on certain aspects of the tick 
fevers and studies on pcg-leg disease have beer1 continued in Queensland in co-operation with 
oficers of the Department of Agriculture and Stock. - - 

During the year, plans were prepared for the new Animal Health Laboratory in Melbourne, 
and building operat)ions were started in the grounds of the University Veterinary Research 
Institute, Yarl<ville, early in 1937. It is anticipated that the building will be ready for occupation 
towards the end of the year 1937. The general administration of the Division will be centred a t  
Parkville as previously. The administrative staff has I,een strengthened during the year by the 
appointment of a Divisional Secretary to assist the Chief. 

Progress has been made in the establishment of the field station on the property purchased 
near St. Mary's, New South Wales. Subdivisional fencing, yards, shearil~g shed, dips, dams, 
one cottage, and a hut were all completed before the end of the financial year, and the experimental 
sheep were transferred from " I~incl~inbrooli ". 

During the year, the Queensland Government very generously offered to make available 
an area on which to establish an experiment station for the investigation of economic problems 
in the sheep industry. As a result of inspections and negotiations subsequently made, it was 
finslly decided to accept the offer of the lease of an area in the Cunn:lmulla district. It is anticipated 
that active steps will be taken shortly to equip the area for the special purposes of the investigations 
to be undertaken of which studies in the blowfly problem are the most urgent. 

Discussions on the problc~ns in the pastoral industry were started in January, 1937, between 
the Australian TYool Board alld the animal health research organizations in Australia. It was 
decided that the rnore urgent problems should receive first consideration ; and the research 
organizations were invited to male application to the Board for financial assistance in the 
prosecution of their investigations. Very generous consicleration was given by the Board to the 
applications made on behalf of the Division of Anirnal Health arid Nutrition, with the result 
that new ~~rork  and the extension of work on prohlems already under investigation have been 
made possible. This assistance has enabled extensions in the facilities for investigational work 
to be made in the Nutrition Laboratory, Adelaide, and the field station at St. Uary's, while it 
has been possible also to negotiate for an early start on the establishment of the field station a t  
Cunnarnulla. 

In addition to the work carried out in the three main centres of Sydney, Melbourne, and 
Adelaide, the Division has continued to carry out investigational work in Tasmania in co-operation 
vitll the officers of the Department of Agricult~~re, and to assist financially and otherwise in the 
animal health prohlems under investigation in Western Australia by oi5ners of the Department 
of Agriculture. 



Following upon the Council's decision to proceed with the investigation of problems 
associated with the manufacture of dairy products, a research officer was appointed and commenced 
work in March, 1937. Arrangements were made for him to be stationed at  the Dairy Research 
Institute, Palmerston North, New Zealancl, where excellent facilities for this type of work are 
available. These arrange~nents are in accordance with the agreement by the Council and the 
Ee~v  Zealand Department of Scientific and Industrial Research for an interchange of officers. 

On the 18th illarch, 1937, Mr. H. R. Marston, Officer-in-charge of the Nutrition Laboratory, 
Adelaide, left Australia on a visit to Great Britain and the Continent. He will represent the 
Comrno:lwealth at  the International Grasslanct Conference to be held a t  Aberystwyth in July, 
1937, work for some months at  Cambridge, and visit ~l~rtritior~al research institutes in Brit)ain and 
on the Continent. During his absence abroad, arrangements have been made for Professor 
M. L. Mitchell, of the University of Adelaide, to take charge of the nutrition work of the Division. 

2. Animal Health Research Laboratory, nZe1hourne.-(i) Pleuro-pneunzonia in Cattle.- 
Continued work on the artificial reproduction of pulmonary pleuro-pneunionia by exposure to 
atomized cultllres has confirmed the earlier observations. The lesions are not always of the massive 
progressive type, and appear to depend upon the \-iisalence of the strain to some extent ; usually, 
typical pleuro-pneumonia is produced. The technique has been applied to compare the 
resistance of cattle vaccinated in the tail by culture vaccine with those similarly treated but 
reinforced by a subsequent subcutaneous inoculation. Results indicate the superiority of the 
latter method. 

The culture vaccine in B.V.P.-0.8. is now widely used in Queensland and the Northern 
Territory. Over 400,000 doses have been distributed to date, including 130,000 in the last six 
months. No untoward tail reactions nor any authentic failures to immunize have been reported. 
A major difficulty with the production of pleuro-pneunionia vaccine is standardization. This i 

matter is uncl~r  investigatiori, but to date no satisfactmy method has been found. 
The complement-fixation reaction continues to give excellent results. A new antigen 

based upon centrifugates of cultures in J3.V.F.-0.8. has b&en evolved ; i t  is even more sensitive 
and inore regularly suitable for use than the Ebert and Peretz antigen. It is so sensitive that 
the anti-bodies can still be detected in the blood Inany months after tail inoculation. An 
a,pgliitirlation test using an antigen prepared fiorrl centrifagates of culthies in B.V.P.-0.53. 
glves positive results in a large nui~lber of acute cases of ple~iro-pneumonia ; but is not as reliable 
or as sensitive as the complement-fixation test. 

I 

(ii) Entero-toxaemia.-To determine the types of Cl. welchii responsible for this disease, 
a large number of strains have been isolated from the intestines of affected lambs in Tasmania, 
Victoria, and 8011th Australia. These strains have been examined culturallj~ and biochemically ; 
but final idcntification and typing cannot be completed until a supply of mice for inoculatiori 
becomes available. Strains for examination have also been isolated from soils. Field tests a t  
" Frodsley ", Tasmania, with vaccine against type D given in two ways, viz. (a) 2 millilitres 
followed in fourteen days by 8 millilitres, and (b )  8 millilitres follo-ived k~y 2 millilitres, gave no 
conclusive results, owing probably to the x7ery low incidence of the disease. An experiment a t  
Lismore, Victoria, has been cornmeiiced to test the value of pre-natal rnateriial vaccination with 
a potent vaccine followed by vaccination of the lambs. 

(iii) Black Disease.-Work is progressing on the comparison of human and bovine types of 
Cl. novyi. The object is to ascertain, by antigenic analysis, if differences exist among strains 
of the black-disease bacillus, and between this type and the human or classical type. 

(iv) Caseous Lymp1~c~denitis.--The study of the relationship of the causal organism to soil 
has been continued on the same property in South Australia on which the study was initiated some 
years ago. In spite of favourable climatic conditions, the organism was not recovered from the 
soil d~iring the spring months. Observations were completed on a small lot of 100 sheep which 
were protected from soil contamination of the rvounds&t shearing time by placing them immedia,tely 
off-shears into a clealz paddock with reasonably good pasture cover. The anlmals were selected 
as lambs, and passed througl~ three annual shearing operations before being sent to slaughter. 
Approximately a 50 per cent. reduction in the incidence of the disease was found in these an~mals. 
The effect on the incidence of the disease of other methods of protecting shearing wounds from 
soil contanlination is being investigated. 

Further serological studies have revealed marked differences between ovine and ecluine 
strains of the Preisz-Nocard bacillus. The possibility of type specificity residing in the 
polysaccharide fraction of the organism is being investigated. 

(v) Bovine Haematuria.--Observations on the effect of top-dressing of pastures with 
gypsum on the prevention of the disease were initiated on a property in the Mount Gambier 
district, South Australia, in September, 1933. Of six heifers grazed continuously on uutreated 
pasture, three have died from the disease, one has shown clinical evidence, and the remaining 
two have shown blood in the urine by microscopic examination. More recently, the six cows 



grazed on the pasture top-dressed with gypsum have shown blood in the urine by microscopic 
examination only. This is presumptive evidence of the presence of early lesions in the bladder. 
None of these animals on the pasture top-dressed with gypsum has shown any clinical evidence 
of the disease. 

On the assumption that the soil in these areas might contain a substance which, when 
excreted by the kidneys, leads to lesions in the bladder, experimental animals hand-fed on chaff 
have had soil added to their diet since September, 1935. So far they have shown no evidence 
of the disease. In order to elucidate this aspect fcrther, geo-chemical observations have been 
initiated and centred in the Nutrition Laboratory. 

The observations on the effects of top-dressing pastures with gypsum and superphosphate 
are being continued in Oippslttnd (Victoria). So far the animals on the property, previously a 
notoriously bad " red-water farm ", have shown no departure from the normal.. 

(vi) Myxomatosis of Rabbits.-The virus was received in August, 1936. Observations 
have been carried out on the pathogenicity of the virus for wild and tame rabbits. Included 
in these observations is a colony experiment conducted on wild rabbits living under semi-natural 
conditions in burrows. The disease was introduced into the colony consisting of 38 rabbits, 
ancl in 51 (lays the colony was completely exterminated. A second colony experiment was 
cornnlenced in February, 1937, to determine if the disease had the capacity to continue of its own 
momentum and without modification over a period of months. The disease was introduced into 
an established colony of 30 rabbits, and an attempt Elas been made to maintain the colony a t  
this strength by adding fresh rabbits twice 1%-eekly. Up till 30th June, 221 rabbits had been 
added to the colony. The single introduction of the disease into the colony has been sufficient, 
and the disease has progressed without any modification up to the present time. 

In addition, a representative collection of native animals, including birds, has been 
inoculated with the virus without in any case the development of ally departure from normal. 
Wild hares have also been testnd and found to be completely refractory to the disease. All the 
domesticated animals, including Irirds, have also been found to be completely refractory to the 
disease, even after artificial inoculation of large doses of virus. 

(vii) Bovine Mastitis.--During the year, the numerical strength of the experimental herd 
was established at  50 head. At tlle Grid of June, 1937. 41 cows were in milk, 13 of them in their 
second lactation period. Most of the heifer progeny of the milking herd have been retained 
and a t  present number seventeen. The herd has been kept free from tuberculosis and contagious 
abortion, and the animals are' regularly tested. Systematic bacteriological and cytological 
examinations of the secretion of each quarter of every cow have been continued. The health of the 
herd has been good. Systenlatic bacteriological examinations of the milk from each cow had 
shown, during 1036, the occasional sporadic occurrence of Xtreptococcus a,yaZactiae ; but only in 
one animal had the organism become established in the udder over a period of several months, 
without, however, the production of clinical symptoms. During the latter part of 1936 and the 
beginning of 1937, no isolations of streptococci were made from the secretions. From Jlarch, 
1937, onnards, streptococci reappeared in the herd and were isolated from the milk of some of 
the cows. Since then two clinical cases of streptococcal mastitis due to St~ep.  agalactiae have 
occnrred, and in each case the affected quarter has ceased to function. 

- 

Staphylococci have continued to play the major part in the microflora of the udder. 
High counts of these micro-organisms are sometimes found in the secretion of one or more quarters 
of a cow a t  the time of calving ; but there is usually a fa11 in the numbers during the first week, 
after which the secretion may becorne sterile. Later in lactation, a rise in the bacterial count 
may occnr, due to stapliylococci ; and this may become established over a period of months. 
Towards the end of lactation and during the dry-off period, a rise in the bacterial count may 
occur, a condition which is usually followed by a high bacterial count from the coinrnencement of 
the next lactation period. These changes take place without the development of any abnormality 
in the secretion or in t,he tissues of the udder. The correlation between these changes and the 
subsequent development of a streptococcal mastitis is being studied. 

The appearance of S. agalactiae in the herd, and the development of clinical cases of 
rnastitis, have necessitated a slight alteration of plans. It has become unnecessary to seek other 
herds in which to make any extended study of the epidemiology of the disease, at  least for the 
tirrle being. 

Classification of the streptococci isolated by biochemical and serological methods has been 
placed on a satisfactory basis. 

During the year, we received assistance from Mr. Forsyth Stewart in the initiation of the 
serological rnethods of classification of streptococci ; the Council is indebted to the Queensland 
Minister of Agricrrlture for making the services of Mr. Stewart available for a few weeks. - - 

The present studies are only of a preliminary nature, and a progress report will be published 
in the near future. 



(viii) Toxaemic Jaundice.-During the year, an investigation into the occurrence of a 
disease in sheep grazed on an irrigation area was commenced in co-operation with the University 
Veterinary Research Institute and the Department of Agriculture of Victoria. The disease is 
characterized by the development of jaundice and haemoglobinuria, and by a high mortality. 
The evidence strongly supports a diagnosis of chronic copper poisoning, but the investigation is 
still incomplete. 

3. The McMaster Animal Health Laboratory.-(i) Parasitological Investi,qa!io,u. -(a) The 
E'ect of Ad9,~inistratiora qf Iron, Copper, und Cobalt on Haemonchosis.-The influence of the 
administration of iron ; iron and copper ; and iron, copper, and cobalt, on a group of lambs exposed 
to daily infestation with larvae of H. contortus was investigated over a pzriocl of some months. 
There was strong evidence that the combination of iron, copper, and cobalt markedly reduced 
tlie degree of infestation set up when compared witlr that in control lambs not receiving such 
supplenlents. An investigation is now being made into the possibility of supplyiiig such 

I supplements in the food. There was no evidence that allowing the animals continuous access 
to a lick of one part of tobacco dust, having 3 to 4 per cent. nicotine content, and five parts of 
salt, had any effect i11 reducing the degree of infestation set up in animals exposed to infestation 
in the sarne manner as the animals mentioned above. 

(b) Treatment of 0esophagosto~niasis.-Extensive tests have been made of the efficiency of 
oral administration of copper tartrate and copper arsenate for the removal of Oeso~~hagos~onau~z 
colu~nbianu?~~, the nodule worm. A very high efticiency may be attained in individual sheep, 
both under laboratory and field conditions, but in other animals treatment rnay be quite ineffectual. 
It is not yet possible to say on what this individual variatioll is due, and further study is beillg 
nlade of this point. I11 the meantime, however, i t  is thought advisable, in the ab~ence of any 1 other method of oral administration, to recommend this treatment. The efficiency, previously 
demonstrated, of rectal administration of large volumes of a solution of sodium arsenite has 

1 been confirmed in the case of Oe. columbianuvz, and shown to hold for Chabertia ovina also. 
(c) Treatment of Trichostrongy1osis.-Further tests of anthelmintics have been carried out. 

A mixture of copper sulplrate and pure nicotine sulphate (as opposed to Black Leaf 40) has been 
I tested, and from a limited number of experiments appeared to be less constantly efficient than 

the copper sulphate, Black Leaf 40 mixtures used. 
(d)  Treatment of ~ictyocaulus $laria.-Critical tests were carried out of the value of 

treating lungworms (D. j'ilaria) in sheep. A mixture recommended by the Department of 
Agriculture, New South Wales, was tried : it consists of creosote, cllloroform, turpentine, and 
olive oil. As an alternative, an iodine solution, as recommended by a Russian worker, was tried. 
The constituents were iodine, glycerine, and distilled water. In both cases, ilitratraclleal injections 
were given in the doses recommended. With the Russian method, as recommended, the sheep 
was turned on its back while the injection was given. The reslllts were rather disappointing, 
several of the treated sheep dying from the heavy infection, and the remai~~der showing worms 
in the bronchi on post-mortem examination. 

(e) The E#ciency of the Baermanfi Isolation Technique as Applied to Soil Isolation.- 
Experiments were carried out to determine the efficiency of the original Baerrnann isolation 
technique when applied to soil isolation. In a series of experiments, soil samples measuring 
71 rnillinletres in diameter (which represents 1/1,000,000 of an acre) were used. A given number 
of mature, free-stage, nenlatudr lurvai. were evenly spread on the st~fiice of the saliiple, and the 
percentage recovery by the isolation technique was ascertained. The recovery was not up to 
expectation, so experiments are in progress to improve the result by improving the technique. 
The isolation of larvae is important, in view of the fact that by this means the degree and type 
of infection can be determined on sheep-grazing areas. 

(f) The Longevity and Resistance of the Pree-living Stages of Gastro-intestinal Nematodes of 
Sheep.-This work has been continued, particularly in respect of the effect of low a i d  sub-freezing 
temperatures on eggs and larvae of Haemonchzts contortus, Trichostrongylus spp. and Oe. 
columbianum. The much greater susceptibility of eggs and larvae of the latter species >o the 
lethal effects of colrl indicates that measures for the control of this species, if practised during 
winter on the Northern Tai)lelands of New South Wales, rnight make it possible to  tiiyt~ct cixdicntio~l 
of the parasite. 

(g) Infestatio~ts by Ne~natodirus felico1is.-Additional experiments were carried out on the 
pathogenic effect of this parasite, further evidence that the parasite is relatively benign being 
obtained. AltE~ough heavy infestation was not produced, 6,300 and 3,500 worms did not produce 
any clinical ill-effects or any pathological change in lambs up to two months of age. Further 
experiments are to be carried out before final coliclusions are drawn. Heavy infestations, similar 
to tl~ose which arc not infrequently met with in the field, will be established, and a larger number 
of e~periment~al animals will be ised. 



(ii) The Effect of Grazing SuperJine-Woolled Sheep on Improved Pasture.-An experiment 
was conducted for twelve months in which superfi~le Merino sheep were run both on natural and 
improved pasture. In spite of tlre fact that the improved pastures maintained three sheep per 
acre (an increase in carrying capacity of two sheep per acre), that the sheep gained 20 lb. more 
in live weight, and produced 2 lb. more greasy wool per head than comparable sheep on natural 
pasture, there was no major change noted in wool quality, other than in length of staple. This 
experiment suggests that genotypically fine-woolled sheep may continue to produce fine wool, 
even when maintained on a greatly ilriproved plane of nutrition on rich pastures. With certain 
modifications, the experiment is being continued for a second year. 

(iii) Studies in Fleece Cl~emistry and Fibre ~1leasurernent.-This work is now centred a t  
the McbJaster Laboratory, and is conducted in close associatiol~ with other investigations in 
progress in the Division. Opportunity is thus presented to examine in detail a11 changes in the 
fleece resulting from the various experimental treatments. The examination includes tests on 
the wax, suint, and other characteristics of the staple, all of which have an economic importance 
in their effect 011 sucl~ qualities as colour, handle, and clean-scoured yield of the fleece. I11 one 
experiment saniples of fleece were obtained from sheep running on improved pasture for six months 
until April, and then on natural pasture for a further six months, as well as from sheep rotated in 
the opposite way from natural to improved pasture. Samples were also taken from sheep of 
the same type running continuously on the two classes of pasture. The distributiqn of the fleece 
constituents along tile staple was determined, and the ratio to the clean dry wool estimated. The 
skin of tlie sheep under the conditions of the experiment was more actively productive in the 
summer period than in the winter period. Such large variations were noted in all re,;ults between 
individual sheep, that no differences in the fleece constituents were apparent between sheep run 
on natural and those on improved pastures. The results, however, do show differences between 
sheep run on the improved-natural pasture sequence ant1 those on the natural-improved sequence. 
The latter, on account of seasonal effects, provided a good diet through the whole year, while 
in the former it was good in the first six months but poor subsequently. 

A large number of physical measurerrients of the fibre have heen conducted during the year 
on wools collected from north-eastern Asia, and on material from sheep under nutritional and 
pasture rnanagemeiit experiments. 

(iv) Physiological Studies.-The Passage of Fluids through the Ruminant Stomachs.- 
Radiological observation has been applied to the problem of determining the passage of fluid 
when swallowed by the sheep. It has been shown that, in normal drinking by the weaned lamb, 
fluid will pass into the ruinen and reticulum. On the otlier hand, when the lamb is running with 
its mother, the sucliled milli- passes to the abomasum. Further studies are being directed to the 
question of this change with age, and the part played therein by the oesophageal groove and the 
possibilities of controlling the passage of fluids into the ruminant stomacl!~. 

When sheep are drenched, however, in about 60 per cent. of the cases, the fluid passes 
direct to the abolnasum, because the particular ~iiet~liod of administration has an active effect 
on the act of deglutition. Medicaments administered in the drinliirlg water will most probably 
pass to the fore stomachs. 

(v) Bacteriological Investigations.-(a) Foot-rot.-Investigation has continued along two 
main lines :-(1) tlie control of the disease in the field ; (2) seeking to incriminate a causal microbe. 
The scheiiie for controllilrg the disease in the field depends on the apparent inability of the infective 
agent to rerliain viable for very long apart from the sheep's foot. A considerable number of 
tests have now been carried out to determine the viability of the infective agent under a variety 
of conditions. In one instance, i t  remained infective for two weeks in mud obtained from a 
property where the disease is endemic, but in most cases it died more quickly. Thus it seems 
fairly certain that, in districts where foot-rot occurs periodically, the infection survives the 
intervals between outbreaks not in the soil but in the sheep's foot. Unfortunately, field trials 
which were carried out to test the method of controlling the disease by eliminating all infected 
animals were fruitless, owing to an unusually dry season anit tlre absence of an outbreak of foot-rot. 
During January, 1937, nine field trials nTere again initiated, but so far the seasonal conditions 
have been no more favorable than last year. However, one trial, a t  Werribee State Experimental 
Farm, is being carried out on irrigated pasture, and so is independent of seasonal conditions, 
the results there so far being encouraging.. It has still not been possible definitely to incriminate 
a causal organism. A spirochaete previously reportctl has been isolated, fully studied, and 
named S'pirochaeta perio~tha. This org.anism has continued to be found constantly present in 
lesions of tile disease in several districts in New South Wales and Victoria and also in New Zealand. 
In addition to the spirochaete, a f~~siform organism has been found to be also constantly present. 
This organism has been isolated. It has not yet been possible to produce the disease with 
cultures of either of these organisms, or of any other organisms isolated from the disease. 
Filterable viruses and some related organisms have been fairly conclusively eliminated as 
possible causal organisms. 



(b)  Scabby Ulcer.-" Scabby ulcer " is a superficial, erosive dermatitis of the vulva of 
ewes. A brief investigation mas carried out without, however, any definite conclusion being 
reached. The condition could not readily be transmitted from one animal to another, although, 
in a few instances, the application of material from natural lesions to the vulva, together with 
scarification, produced a lesion which resembled that of natural cases, but which healed 
spo~itaiieously after two weeks. (' Scabby ulcer " is probably more comrnon in very wrinkly 
sheep ; but it also oceurs in perfectly plain sheep even when these have fairly short wool. It 
does not appear, therefore, that the condition can be explained entirely as being due to retention 
of moisture by wrinkles, as has been claimed. 

(c) Epididymitis.-A number of senien apples, collected by Dr. R. M. C. Gunn from 
rams affected with epididymitis, liave been examined bacteriologically. Prom a few samples, 
streptococci were isolated, and froin others various Gram-negative bacilli. I t  does not appear 
that the condition is due to any one specific bacterium. 

(d) The Antigenic Relationship between Corynebaderium ovis, Corynebacterium diphtheriae, 
and Certain Patho,qenic Diphtheroids from Hunzan Throats.-Rabbits liave received courses of 
intravenous inoculation of living, untreated organiqms of these strains in order to prepare 
precipitating sera for cross-precipitation experiment:;. It was found that, by long courses of 
inoculation with gradually increasing doses, sera with a fairly high precipitin content can be 
obtained, and cross-precipitation tests are now in progress. It is worthy of note that a t  least 
some rabbits treated i11 this way appear capable of withstanding both the toxic and pyogenic 
effects of live C. ovis, both of ovine and equine origin ; though many succumb to localizations in 
bones, more particularly of the vertebral colulnn leading to pari~lysis of the hind limbs. 

(vi) Fertility in S7leep.-It was stated in the previous report that analyses of stud flock 
records had shown observed levels of fertility to be affected by infective, environmental,*and 
hereditary factors. It was also stated that an experiment flock of approximately 400 sheep 
had been established further to survey the position. These sheep, which are Merinos and Uorset 
Horns of high, normal, awl low levels of fertility, were ir~aintained under identical environmeiital 
conditions througllout the year, when group differenced in each succeeding reproductive process . 
were observed and recorded. Results obtained during the first year have been prepared for 
publication in the Council's Bulletin series. The observations are embodied in six studies : 
(1) ihe incidence and character of oestrus ; (2) the behaviour of ewes on heat and their discovery 
by rams ; (3) the association of oestrus with ovarian morphology ; (4) the rate of movement of 
the gametes in the feniaIe genital tract ; (5) mating experimental flock and observations arising 
therefrom ; and (6) the fertility levels of sinlilar ewes when hand-mated, paddock-mated, and 
artificially inseminated. These reported studies, though related, are not consecutive ; together, 
they form a series throughout which the general procedure adopted was to establish normality 
for each reproductive process and to determine depar-tures from it. By this method of survey, 
which is being continued, i t  is hoped to isolate the specific problerrls of reduced fertility. 

4. Observations Centred in Queens1and.-(i) Peg-leg Disease.-Investigations on this 
disease have been continued ; and since October, 1936, the Division has had the assistance and 
co-operation of the Officer-in-charge of the Aiiirnal Health Research Station, Towiisville (of the 
Quecnsland Departrnellt of Agriculture and Stock). 

Earlier Gork indicated-that the optimum supplement of phosphate to the diet of cattle 
a t  (' Helenslee ", Queenslt~nd, was 20 grams (of P,O,) per day. The present serics of experiments, 
which are under way, are designed (a) to compare the effects of dicalcic phosphate and of bone 
flour in equivalent amounts when given per os ; (6) to determine the effect of monoammoriium 
phosphate given in the drinking water in optimum concentration ; and ( c )  to determine the value 
of phosphatic licks giveii ad Lititr~m. The animals were carefully selected, comprise both steers 
and heifers, and liave been allotted, f~llowing statistical analysis, to groups after a long 
pre-experimental observation period. Monthly weighings and quarterly rneasurements are taken, 
and the results analysed statistically. To date, no significant differences have been observed ; 
but the long dry season is expected to show up differences. 

(ii) Tick Peuers.-Investigations have been confined to an experiment to determine if 
winged insects can transmit Anaplasma. Observations have been made over a pcriod of nine 
months, but no evidence of the parasite being transmitted in this way has been forthcoming. 
These observations are being carried out with the assistance and co-operation of the 
Officer-in-charge of the Animal Health Research Station, Townsville, and are being continued. 

I (iii) Zebu Eybridization.-Breeding activities have been continued in the four experimental 
1 herds. In these the hybrids now number 250, of which 224 are half-breds, seventeen are quarter, 

and nine are three-clusrter-bred Zebus. All the imported animals are alive and well. The 
second progress report has been prepared in mimeographed form for limited distribution. It 
records observations to date ; but, because these are not sufficiently advanced, no conclusions 



are drawn. Evidence is given, however, supporting the opinion that pure bred Zebus have a 
hereditary resistance to the effects of infection with Piroplasma bigemifza. Observations also 
show that they are tolerant of heat, and that, under drought and adverse conditions, the hybrids 
(crosses wit11 British cattle) maintain or increase their body weight. 

5. Dairy P ~ o d z ~ t s  Research.-Following upon the Council's decision to proceed with the 
investigation of problems associated with the manufacturing side of the dairy industry, 
llr. W. J .  Wiley was appointed as Dairy Research Oficer and conlmencetl work in March, 19:fi. 
As a result of an invitatiorl from the New Zealand Depart,tncnt of Scientific and Industrial Hesearch, 
arrangements were made for him to be stationed at the Dairy Research Institjute, Yalnlerston 
North, New Zealand, where excellcnt facilities are available for work of this type. The iinnlediate 
problem under investigation is that of the keeping quality of unsalted butter, particularly as 
affected by the acidity of tlie cream from which it is made. A comprphensive investigation is 
already in train the object of obtaining information on the following matters : (a) the effect 
of acidity on keeping quality; (b) the effect, if any, of bacteria as distinct from the acidity they 
produce; and (c) the relative efficiency of certain storage temperatures. It would appear that there 
is need for a critical examination of factory processes in the light of recent work on neutralization 
and pasteurization, and such will be undertaken. The use of the pH determination, in conjunction 
with tile present grading system for export butters, as an efficient indicator of probable keeping 
quality, is a t  present under consideration. 

6. Investigations in Western Australia.-Co-operation with the officers of the Western 
Australian Department of Agriculture has continued during the year. 

Botulism (Toxic Pa~alysis of Sheep).- The vaccine prepared at  the Animal Health 
Laboratory, AIelbourne, gave very good protection under experimental and field conditions. 
A more extensive field trial was carried out with a vaccine prepared in the same way under 
commercial conditions. Complete results are not yet available ; but so far all reports have been 
favorable to the use of vaccine in the control of the disease. 

Gingin Diseuse (Ataxia in Lambs).-The results from the more crucial experiments started . in 1936 were disappointing, as seasonal conditions were unfavorable to the occurrence of the 
disease. Experiments started in 1937 have already given results which will probably prove of 
great interest. The observations are not yet completed. 

7. Investigations in Tasnzania.-Co-operative investigations have been continued with the 
animal health officers of the Department of Agriculture. 

Rotational gmzing, " Frodsley ".-Previous field trials a t  " Frodsley " indicated that larnbs 
did not make satisfactory g~ains in weight or fleece production on natural pastare, even when 
control of parasitic infestation was attempted by the use of anthclmintics. Subsequent trials 
showed that lanibs maintained on improved pasture at  thcl rate of one sheep to 8 acre made very 
much better weight gains, and produced approximately 2 lb. more wool per head, than similar 
sheep on natural pasture a t  the rate of one sheep to acres. Observations on rotational grazing 
have shown that much better results arc obtained, as judged by growth and wool production 
as well as by the control of parasitism, than by continuous grazing a t  the same rate of stocliing. 
The longer period of rotation gave better results than the shorter. The results of the observations 
are beil~g published in detail. 

8. Animal Nutrition Laboratory, iJ de1aide.-(i) The Phosphorus Metabolism of Sheep.- 
(a) The Co~?zparison of ,lIo?zo-, Di-, and Tri-calcic Phosphate as Sources of I'hosl~horus Xzcpply,for 
Sheep.--The dctr*ils of this investigation were given in thc last Annual Report. During tlie last 
twelve months, two animals in the moilocalcic (superphosphate) group have died and a third is sick. 
This is undouloteclly due to the relatively high fluorine content of the " super ". The Christmas 
Island rock phosphate also contains fluorine as ttn impurity, but in less amount. The sheep 
receiving this tri-calcic supplement show erosion of the incisor teeth, but the amount of fluorine 
has not been sufficient to affect the general heaith of the animals. 

The experiment has now been in progress for two and half years. There has been no 
significant difference in growth between the " tricalcic " " dicalcic ", and control groups, the 
last-named receiving only 0 . 6  grams of pl~osphorus daily. The lack of difference in cordition 
betwccn the control group and the " tricalcic " and " tlicalcic " group3 is in marked contra4 to 
the inorganic phosphate contents of the blood. During the first year, the figure for the control 
animals has averaged 2.8 milligrammes pclr 100 millilit re., while for the others it has ranged 
consistently between G and 8 niilligrairlmes per 100 rnillilitres. 

Thc ability of the sheep to assirnilate phosphorus from the different supplements has been 
investigated with animals confined in ~netabolisrrr calres. The experimental periods haw? now 
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been completed, but part of the analytical work remains to be done. 

In the near future, it is proposed to mate the sheep in order to observe the effect on their 
phosphorus nletabolism of the extra strain of pregnancy and lactation. 



(b) Phosphorus and  Calcium Retention in Lambs.-An experiment was begun in July, 1935, 
to determine the maximum retention of calcium and phosphorus of which Merino lambs are capable 
during the growing period. Three Merino lambs, trained in metabolism cages, were bottle-fed 
with cows' milk, and in addition were offered a mixture of hay, chaff, lucerne, and wheat bran. 
Balance periods of fourteen days were conducted continuously through the stages of rapid growth, 
and subsequently a t  monthly intervals. 

At four months, just before weaning, they retained 0.7-1 . 0 grams phosphorus per day and 
as much as 1 . 1 5  grams calciuin per day. After wcaiiing retention fell away to less than 0 . 1  
grams phosphorus, calcium retention to about 0 .7  grani per day. At twelve months the 
phosphorus retention in all cases was fairly steady a t  approximately 0 .4  gram per day, with 
calcium at  0 . 7  gram per day. The remaining analyses 01 collected material will be completed 
shortly. 

(c) The Influence of High Concentrations of Calcium and Magnesium on the Assimilation 
of Phosphorus by Grouing Sheep.-The results of this investigation, details 6f ~vhich appear in 
previous reports, will shortly appear in the form of a Bulletin. 

1 (d) Phosphatic Licks in the Pastoral Industry.-Work is being continued with the object 
of det'ermining whether it is necessary or advantageous to supplement the diet of grazing sheep 1 with phosphatic lich. No conclusions can he drt~m~il a t  the present time, as the results of tlie 
experiments will not be available until they haye bcen in progress for a t  Icast two years. 

At Penola, south-eastern South Australia, a field experiment is being conducted on the 
property of Mr. R. R. Rymill. A flock of ewe lanibs was divided into two groups, one of whicll 
has access to salt only, while the other has access to a lick composed of dicalcic phosphate and 
salt. Half the sheep of tlie former group has been given potassium phosphate, by frequent 
drenching, in quantities suficient to supply the animals with their full requirement of phosphorus. 
Of the latter group, half has been given potassium cllloride in similar nianner to supply an arrlount 
of potassium equivalent to that being received by the group treated with potassiu~n phospliate. 
Observations on the growth rate, general health, wool production, and the content of phosphate 
in the blood are being made. Later, the ewes mill be liluted to observe the effects of the 
treatments on fertility and on the growth and general health of the second generation of lambs. 

At " Wambannmba", Young, New South Wales, a second field trial is being undertaken. 
In  this experiment, two groups of 1a:nbs are being used. One group receives regular dosing with a 
solution of potassium phosphate, while the control group siniilarly receives a solutioli of potassium 
chloride. Observations on these sheep will be made in the same manner as indicated for the 
experiment a t  Penola. 

It is proposed to supplement the present field trials a t  " Wanbanumba " by an investigation 
into the effects of phosphatic licks upon sheep grazing on rich pasture. As a preliininary step, 
an area of 50 acres of improved pasture has been sown. 

At " Manuka ", Winton, western Queensland, a third lick trial, undertaken in co-operation 
with the Australian Estates Company, is progressing satisfactorily. Mr. J .  F. Kennedy, B.Sc., 
an officer of the company, is in charge of this investigation. 

Somewhat similar field trials are being conducted a t  Avondale, Merredin, &c., Western 
Australia, by the Departulent of Agriculture. 

(ii) Pasture Experiments at " Wambanufnha ".-In order to determine the effect of sulphur, 
soluble phosphate, and insoluble phosphate on the yield of natural pasture a t  " Wambanulnba ", 
a replicated manurial trial is in progress. Sixteen treatments have been given, and yield data are 
to be collected five times during the year. 

(iii) Coast Disease I?zuestigations.-(a) General.-During the past year, considerable 
advances have been made in the study of coast disease. Although the work is not sufficiently 
far advanced to draw final conclusions, the more recent studies have indicated that the disease 
is probably due to a deficiency of cobalt and copper in the pastures of the affected areas. TVhile . 
it is possible that other elements may be necessary to maintain sheep in health for long periods 
on these areas, it does not appear that they are involved in the primary cause of the disease. 
A detailed account of the investigations on coast disease, undertaken during tlie past five years, 
will be published shortly in the form of a Bulletin. Experinlents are now being undertaken to 
investigate methods for the practical control of the disease ; and further studies, microscopic and 
chemical, are being made to obtain a more intimate understanding of the essential nature of the 
condition. 

1 (b) Investigations at Robe.-The work described in the previous report a t  the Robe field 
station has been continued and considerably extended ; the exccllcnt facilities made available by 
RIr. R. Dawson on his property have in a large measure contributed to  the success of these 1 investigations and has made possible their extension. 

1 B.6182.-3 
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It had been found earlier that coast disease could be cured and prevented by frequent 
drenchings with solutions of pure cobalt and copper salts, the addition of iron to the curative 
solutioil appearing to exert no appreciable effect. I t  was accordingly decided to investigate the 
individual roles of cobalt and copper ; and it has been shown that copper alone will not prevent 
the onset or delay the fatal progress of the disease. Administration of cobalt alone has prevented 
the death of the animals ; but they have failed to grow normally, and have become anaemic. 
On the other hand, the administration of cobalt plus copper, with or without other mineral salts, 
has continued to maintain sheep in normal health and permitted normal growth. Ob~erva~tions 
on the surviving sheep in this experiment will be continued for a t  least another year. 

In the experimental work outlined above, i t  has been the practice to administer the solutions 
to be tested three times weekly. Having found that this treatment could prevent the occurrence 
of coast disease, an experiment has recently been comnienced to determine whether less frequent 
dosing would also prove effective. 

8urther work has been initiated in an attempt to determine the nature and cause of ataxia, 
a nervous disorder of lambs and youiig sheep, which frequently occurs 011 areas where coast 
disease is enzootic. Healthy ewes have been depa,stured a t  Robe and mated to healthy rams. 
Half the flock has been treated to prevent the onset of coast disease, while the other half has been 
left as a control group without treatment. The occurrence of ataxia in the lambs born from these 
ewes will be carefully observed. Dr. E. Weston Hurst, Director of the Medical Research Institute 
a t  the Adelaide Hospital, hw generously offered to undertake a neuro-pathological examination 
of any lambs which develop ataxia. 

(c) Investigations at " Hawk's Nest ", Kangaroo Island.-The lambs of the first generation, 
raised and maintained on " coasty " country with access to a salt mixture containin8 iron, cobalt, 
copper, zinc, and manganese, have maintained 3 heavier weight than the control animals. They 
also cut 1U per cent. more clean wool, which was more attractive and better Frown than that 
shorn from the controls. When two years old, the ewes reared 83 per cent. 01 lambs and the 
controls 67 per cent ; the second lot of lambs is just being dropped. 

The owners of the property have given their main flock a similar lick since April, 1935 ; 
in 1933 and 1934 their sheep cut a t  the rate of 32 bales per 1,000, while in 1936 the cut was 39 J 

bales per 1,000. 'I'he percentage of lanibs weailed has risen from 60 to 65 per cent to over 80 per 
cent., arid there have been no cases of wasted or atactic lambs. As ataxia occasionally failed to 
appear in former years, however, some uncertainty still attaches to the significance of this latter 
observation. The owners are satisfied that the improvement in productiveness of their flock is 
attril~utable to the lick. 

(d) Coast Disease Investigations at the Laboratory.-An experiment is being conducted t o  
determine whether coast disease may be induced in normal animals while confined in cement 
pens and fed on chaffed hay from ' &  coasty " areas, supplemented with gluten. If the disease 
develops, the sheep will be used for a more intensive investigation of the condition than is 
practicable a t  field stations. The animals have now been on the diet for over six months, but as 
yet there are no signs of the development of anaemia. 

A group of young lambs is being fed upon an exclusive diet of cow's milk in an endeavour 
to produce " milk anaemia ", due to lack of metals. It is hoped that the study of milk anaemia 
in larrlhs may throw fresh light upon the blood changes associated with coast disease. 

0l)servations will be continued on the tissues of " coasty " anirnals, both in regard to 
micro-pathology and chemical changes. Mr. A. 6. Oertel, an officer of the Division of Soils, has 
kindly offered to undertake a spectrographic analysis for cobalt in the tissues of normal and 
affected sheep. This should assist in overcoming the difficulty that has been encountered in the 
determination of cobalt by ordinary chemical methods. 

(e) Pasture Experiments at Robe and on Kangaroo Island.-At Robe.-Results from field 
trials conducted at  Eobe in 1936 indicate that the number of pasture species suitable for this 
highly calcareous soil is limited. Unfavorable clirnatic conditions in the early part of the year 
were partly responsible for the poor growth made by many of the species. Wimmera rye grass 
and black medic (Medicago lupulina) showed most promise, but their yield was not increased 
by phosphatic or nitrogenous fertilizers. There was some slight improvement with the application 
of a small quantity of sulphate of potash. Further species and manurial trials have been started 
for observation purposes. 

On Kangaroo Island.-In field trials conducted in 1936 on freshly cleared ironstone soil 
a t  Hawk's Nest and Karinga, the growth of Wimmera rye grass was particularly poor when 
phosphatic or nitrogenous fertilizers were applied alone. When applied together, very marked 
increases in yield were obtained, but these were not further increased by elemental sulphur. 
With all treatments subterranean clover remained unhealthy, and i t  was found that in general 
the plants were not infected by root-nodule bacteria. Investigations on artificial inoculation 
with selected strains of Rhizobiuln have been undertaken by the Division of Soils. 

.- - 
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Yield data were obtained from the species trial on improved ironstone soil a t  Hawk's 
Nest in 1936, and further cuts are to be made. 

(iv) The E$ects of Ingestion of Pluorine by Sheep.-(a) The E'ects of Continual Ifigestion 
of P1uorine.-The results of these investigations will soon be ready for Sheep which 
received 60 or 120 milligramn~es of fluorine each day for three years suffered no apparent impairment 
of general health. The smaller of these doses is rather more than woulcl be taken under field 
conditions with a lick composed of salt and Nauru rock phosphate. The two groups of sheep 
showed considerable erosion of their teeth ; and in addition the concentration of fluorine in their 
bones and teeth was a t  least ten times that in similar organs of the control sheep. Nevertheless, 
the sheep receiving these amounts of fluorine grew normally. Continual ingestion of 160 
rnilligrammes of fluorine as Nauru rock phosphate and 170 milli$rammes of fluorine as Florida 
rock phosphate resulted in still higher concentrations of fluorine in the bones and teeth, and in 
addition there were harmful effects on general health and growth. 

The remaining animals are now being given a fluorine free diet, and after two years the 
animals will be killed and various organs examined for their content of fluorine, in order to 
discover what degree of recovery takes place after the intake of fluorine has ceased. 

(b) The meets of Intermittent Ingestion of Fluorine.--It is not improbable that sheep which 
continually ingest sufficient fluori~le to lead eventually to chronic fluorosis would suffer no untoward 
effect if the periods of fluorine intake mere alternated with periods during which little or no 
fluorine was presei~t in the diet. Such a state of affairs may be encountered when licks are 
offered under grazing cortditions with alternating green and dry pasture due to seasonal changes. 

To investigate this point, an experiment was started in December, 1936, with 30 ewe weaners 
generously donated by Mr. R. T. Blelrose, of Rosebank, South Australia. These sheep were 
divided into three groups of ten. One group receives as a phosphatic supplement pure calcium 
phosphate, free from fluorine. Another receives Nauru rock phosphate in sufficient quantity to 
supply 60 milligrammes of fluorine daily, throughout the experiment. The third group alternates 
in six-monthly periods between a daily amount of rock phosphate containing 120 milligrammes 
of fluorine and a corresponding amount of the fluorine-free phosphate. The sheep will be allowed 
to graze for the entire period of the experiment, which is expected to last three years. A regular 
record of weights will be kept, and it is hoped to mate the animals in the final year. ,4t the 
conclusion of the experiments, some animals from each group will be killed, and fluorine 
estimations will be made on the bones and teeth. 

(v) Energy Metubolisfn, P~oteirz Metabolism, and Wool Growth.-The inter-relation of these 
factors has been studied intensively during the year in a strong-woolled Merino sheep. This 
information forms an essential background for the assessment of the value of rations for hand 
feeding in times of drought. Papers on these studies and on the technique of accurate measurement 
of energy balances and wool growth are being prepared for publication. 

To ascertain to what extent tliese findings are generally applicable, the observations are 
being repeated on fine-woolled Merinos. It is al5eady apparent that the latter type of animals 
cannot maintain themselves for an extended period on tlle basal diet of two parts wheat straw 
and one part l~~cerne, as can the former. Supplementing the basal diet with cod liver oil, sodium 
bicarbonate, and salt has failed to maintain their appetites a t  maintenance level. 

The diameter of the wool fibres produced by the fine-woolled type a t  different levels of 
protein intake will be measured to ascertain whether increasing the ariiount of protein in the 
diet will cause a comparable increase in fibre diameter. 

(vi) Drought Peeding.-Observations a t  the laboratory over three years show that the 
Division's strain of strong-woolled Merino sheep can be maintained on a ration of two parts wheat 
straw and one part lucerne hay, supplemented with 6 inillilitres of cod liver oil, 7 grams of salt, 
and 25 grams sodium bicarbonate. As 40-60 per cent. of the total energy of the straw is utilized, 
it would appear that an econonlical method of hand feeding during drought ~vould be to supplement 
locally conserved roughage with purchased concentrates. Arrangements have, therefore, been 
made to measure the value of Mitchell grass hay as a fodder, and to test the effect on wool growth 
of a supplement of linseed cake. 

(vii) The Digestion of Roughage by the Merino Sheep.-When the rations used in the drought 
feeding experiments are c'onipared with the standards for sheep laid down in European and 
American text-books, it would appear that the Australian Merino sheep utilizes roughage much 
more efficiently than do other breeds. To confirm this, stitdies have been commenced to determine 
the extent to which our sheep digest the crude fibre and cellulose factions of roughage-particularly 
of wheat straw-a large amount of which is available in this country. 

It has been found that the ligniri of fodders is unnttacked in the sheep. As this fraction 
comprises 8 to  12 per cent. of the dry matter, it affords a suitable base from which to measure 
the digestion of other fractions as the food passes through the alimentary tract. It has already 
been shown that the greater part of the digestion of crude fibre occurs in the rumen, apparently 
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as a result of bacterial action ; and the production of methane by this fermentation has been 
measured. Nevertheless, a considerable amount of fibre also disappears during its passage through 
the large gut. About 45 per cent. of the crude fibre remains undigested, and 10 per cent. is lost 
as a mixture of methane and carbon dioxide. Tile remaining 43 per cent. is utilizcd by the 
animal. 

During the year, investigations were started into the extent and rate of cellulose breakdown 
in the rumen and the factors influencing the process. It is hoped that these studies will reveal 
the conditions most favorable to the ntilization of the crude fibre of the fodders. 

(viji) Bouine Haematuria.-Preliininary investigations into the po~qible causes of bovine 
haematuria were started in this laboratory in October, 1936. The problcm has been approached 
entirely from a geo-chemical aspect, as it seemed possible that some mineral deficiency or toxic 
inorganic substance in the soil or pasture might be responsible for the disease. This view is 
suggestcd by the observed persistence of the dlsease in certain restricted areas. By a study of 
the geo-chemical aspects of tlie soils from as many regions as possible where the disease is known 
to occur, i t  is hoped that some conlmon factor may be established which may have a bearing 
on the cause of the disease. The observations already made have shown that, in the majority 
of the areas where the disease occurs, the soils are directly or indirectly derived from certain 
types of basic igneous rocks, the peculiar chcmica,l composition of which is reflected in th,: resulting 
soils. Jn some iustances, anoii~slies occur, and the above generalization is apparently not 
applicable. It is hoped that further work will throw some light on thesa apparently anomalous 
occurrences. 

The geo-chemical investigations have been supplemented by chemical analyses of soils from 
typical " recl-water " areas a t  &fount Ganlbier, Mount Schanck, and Thorpdale (Victoria). Field 
observations have been ]]lade in the Mount Ganlbier and Jlount Schanck areas. 

At the present stage of the investigations there is no definite evidence suggesting the 
actual cause of the disease ; but the work already done has indicated the lines along which further i 
investigations should be undertaken. i 

(ix) The Role of ill~'tlli~l~il~e in Nutrition.-The high percentage of cystine in wool and the 
comparatively small amount prcsent in plants make it important to detcrmine whether, as has 
been suggested, methionine can be converted into cystine by the animal, thus increasing the 
effective supply of tlie latter amino acid. Experiments carried out elsewhere with this end in 
view have been inconclusive, because the basal diet has not been cornplctely cystine-free. The 
question is being re-illvestigated, and for that purpose a cystine-free llydrolysate of casein and 
vitanlin B extracts of negligible sulphur content have been prepared. Rats can, therefore, be 
fed on a cystine-free, bnt otherwise adequate, diet, and this will be supplemented with either 
cystine or methionine. It is hoped that a definite answer mill thus be obtained to the vexed 
question of the replacement of cystiiie by lnethionine in the diet, 

(x) Y'he Biological Quality of Podder Pr.oteins.-This work is being carried out by Miss 
1\11. C. Dawbarn, ilI.Sc., chemist of the Animal Products Research Foundation of the University 
of Adelaide, who is working in the Nutrition Laboratory. 

A technique having been evolved for estimating the biological value of protein for growth, 
maintenance, and fleece production by means of feeding experiments with rats, i t  is proposed to 
use it for determining the quality of certain fodder proteins. It is considered desirable to separate 
the nitrogenous constituents of the plant from the fibre which is indigestible by the rat. To do 
this, repeated grinding, crushing, and washing are required. The precise treatment necessary 
will have to be determined for each species of plant. The first species to be investi~ated will be 
VTimmera rye grass. Through the courtesy of the Director (Professor A. E. V. R~chardson) a 
suitable area of the grass has been sown a t  the Waite Institute and will be ready for reaping a t  
the beginning of September, 1937. 

(xi) The EfJ'ects of " Rugging " ojt Sheep.-One of the claims made by the advocates of 
" rugging " of sheep is that the lambs of rugged ewes grow more rapidly than those of unrugged 
ones. As this implies a superior milk supply in the former, an attempt is being made to investigate 
the question. Twenty-four ewes were rugged after the 1936 shearing, and the same number of 
similar sheep were left as controls. The yield and composition of the milk of a proportion of 
each group is being determined this year ; and in addition tlle gains in weight of the lambs of 
both groups up to the time of weaning will be noted. 

(xii) Pcisture 11tvcsl;gcltion at " Ar~afna ", Clare.-The species trial a t  " Anama " is being 
continued for the third year. Botanical composition and yield were determined in December, 
1935, and three times during 1936. 

TI. SOIL INVESTIGATIONS. 
1.  General.-The Division of Soils has its head-quarters a t  the Waite Agricultural Research 

Institute about four miles from Adelaide, and is housed there in the Uarliii~ Laboratory and part 
of the Melrose Laboratory. The recently endowed ltanson Mortlock Laboratory will provide 



further accommodation for the Division. A considerable part of the Division's work is, of course, 
conducted in the field. As the production of wealth in Australia's pastoral, agricultural, and 
horticultural industries is dependent ultimately on the soil, the investigations of the Division 
of Soils, aiming a t  accurate knowledge which will permit of intelligent and economic methods of 
soil rulanagc~ment, treatment, and improvement, are obviously matters which, in the interests of 
those great industries, cannot be neglected without serious consequences. 

The main objects of the Council's soils iiivestigations are, therefore, twofold, viz. :- 
(a) To provide a centre for the systenlatic investigation of Australian soils and soil problems 

in order to provide a fundamental basis for the advisory ~ ~ o r l r  of the State Departments of Lands, . 
Irrigation, and Forestry. - 

(b) To make soil surveys of virgin areas for future settlement and development, and of such 
recently settled areas as present problems of imnietliate importance and which may provide a 1 groundwork of information for further settlements of a similar character. 

$;2'hile losses in certain land settlement schemes may be due to a variety of factors, in many 
instances, as in the irrigation arcas, a major contributing factor has been the lack of information 
regarding soils or a l;ii.l< of appreciation of xhe nature of the soil problems involved. Tlre work of 
the Divislon in the irrigation areas, correlated with that ofthe Research Stations a t  Griffith and 
Merbein, indicates not only that much loss of money and of individual effort could have been 
avoided had the necessary soil investigations been made, but also that future developments can 
be undertaken with a reasonable degree of confidence due to our enhanced linowletlge of the soil 
conditions esseiitial for successful production. One prominent instance lies in the appropriate 
selection, after survey, of sites for irrigation and manuring experiments and the ready application 
of results to similar soils mapped on the settlement. 

The most recent developnieiit in some of the irrigated settlements along the river Murray has 
been the provision of extensive drainage schemes to which every farm will have access. The 
soil surveys are likely to prove of service in the planning of the drainage systems requfred for the 
individual farms. 

2. Soil Surveys and Chemical Investi,qations of Soils.-During the year the laboratory work 
associa;ted with the surveys in the irrigated areas of New South Wales, in the Denmark district 
of Western Australia, and in the nortli-west of Tasmania was completed, which has enabled the 
data obtained in the field and in the laboratory to be co-ordinated and prepared for publication. 

Field surveys in the 12ildura district have occupied the attention of the Division, work on 
the Merbein Settlement having been completed. Progress in the Mildura area proper is to be 
reported, and i t  will be the policy to maintain a party in tEiis area until the surveys are completed. 
During the past year 5,500 acres have been surveyed ill this district. 

Vurther work in Victoria has arisen from a request from the Kerailg Seepage Investigation 
Conlrnittee for a survey which will be a basis for experimental work i11 connexion with the 
reclanlation of deteriorated land in the Kerang district. An area of 40,000 acres is involved, 
of ~t-hich 13,000 acres have been chosen for detailed work as representative of the district, to be 
fol1o:ved by a less detailed survey of the remainder. Ten thousand acres of this survey were 
completed durir~g the year. It is hoped that sufficient information on the affected soils will be 
obtained to indicate the probable solution of the fertility problems involved. 

In the State of Victoria, a t  !\lilch~ra and a t  Kerang, the surveys are of a co-operative 
character, field work being carried on mainly by the Division of Soils and laboratory work by 
chcinists of thc Vic.toria11 Department of Agric~lt~ure working in the State Chernical T~aboratoriss 
in iVelhourne. 

Following on the report of a Koyal Commission on Forestry in South Australia, the 
Department of Woods and Forests in that State requested that a survey be made of the soils 
devoted to soft-wood afforestation in the south-eastern district. The principal species concerned 
is Pinz~s radicrta, Work was begun in April on areas alrea,dy planted ; and 7,000 acres were 
mapped a t  the end of the year under review. The adjacent grazing lands will also be examined, 
and the surveys will be linked to those previously carried out in this district. Surveys in these 
forest areas will be continued during the summer months, 1937-38. 

As an aid to this work and as a record of forest growth, an aerial photographic survey over 
an area of 340 square miles was carried out on behalf of the Division by the Royal Australian 
Air Force. The photographs are taken with a sufficient degree of overlap to enable stereoscopic 
methods of examination to be adopted, and, with the assistance of the Federal Forestry Bureau, 
to enable the photographs to be used as an aid to forest assessnlent. 

In Tasmania, a general reconnaissance of Flinders Island was carried out for the purpose 
of assessing the major soil and agricultural problems of the island ; and surveys were undertaken 
a t  Illawarra and Maitland in the Longford district as a basis for the field trials conducted by the 
Department of Agriculture on the establishnient of subterranean clover. Laboratory investigation 
into the properties of the basaltic soils of the north-west coast were completed. 
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In view of the steadily increasing demand for soil surveys, it has become the policy of the 
Division to strengthen its staff each year by the addition of one or two field officers. Co-ordination 
with the work in other States and countries has been secured by the seconding of officers to and 
from the State Departments interested, and by sending an officer for study in the United States 
of America. 

In the laboratory, apart from the examination of the soils associated with the 
abovementioned surveys, work has been continued on the examination of soils characteristic of the 
red-brown earths of South Australia and of soils from the desert and semi-arid pastoral regkns. 

In view of the importance of elements requircd by plants and animals in minute quantities, 
the study of spectrographic methods of examination of soils and plant materials has been taken 
up. Up to the present the work begun in the Uiliversity of Melbourne and now attached to 
the Waite Institute has been restricted to a study of the practicability of the method and of its 
possibilities and limitations. E n o ~ ~ g h  experience has been gained, however, to make use of the 
method for gencral exploratory work for this and other Divisions, and to indicate the possibilities 
with regard to quantitative estimations of particular elements in soils. The irnportarice of the 
element cobalt for example in the group of stock diseases including bush sickness in New Zealand, 
coast disease in South Australia, and wasting disease in Wedtern Australia is an example of the 
need for detailed studies with soils and past~tres. There is evidence that one or two parts of 
cobalt per million of soil is a quantity sufficient to ensure reasonably healthy col~ditions in stock. 

3. Bacteriological Investigations.-The investigations, mentioned in the last Report, of the 
nodule-producing strains of bacteria associated with leguminous plants have been continued, and 
have been followed by field experiments, notably on Kangaroo Island, where over a period of 
many years considerable difficulty has been experienced in the establishment of subterranean 
clover. The undeveloped soils of the island are extremely deficient in phosphate and nitrogen, 
and carry in their native conciition a scleropllyll scrub. On freshly cleared land, repeated failures 
have been experienced in the establishment of suitable pastures. There is evidence that the 
problem is associated with the absence of nodulation on the clover plants, an absence which is 
in part associated with the lack of the proper organisms in the virgin soil and in part with the 
extreme poverty of the soil. 'I'he field trials conducted during the year have been designed to  
throw light on these problems, to gain experience in the methods of inoculation suitable for 
field work on a large scale, and to test the strains of bacteria which have been selected as a result 
of work in the glasshouses a t  the Waite Institute. 

As a result of tests made with strains of Rhizohia from various sources, i t  has been found 
that commercial strains effective for white clover may he ineffective on subterranean clover and 
vice versa. Cultures of the strains tested as efficient for subterranean clover have been made 
available to State Departments of Agriculture in Australia, and to the New Zealand Department - 

of Agriculture. 
The work is being extended to test the effectiveness of strains of Rhizobia for other crops 

important in southern xustralia, such as lucerne, tick-beans, and field peas. 
A 

VII. IRRIGATION SETTLEMENT INVESTIGATIONS. 
A. VITICULTURAL RESEARCH STATION (MURRAY IRRIGATION AREAS), MERBEIN, VICTORIA. 

1. General.-The Commonwealth Research Station, Merbein, is established centrally in 
respect to the Murray irrigation settlements producing fruits. The Station comprises about 60 
acres of land, on which a new laboratory has recently been erected. Of the irrigable portion, 
approximately 33 acres are planted with vines. The various plots are utilized as experimental 
fields ; and the fruit for investigation of fruit processing problems. The major portion of the 
work of the Station is carried out in the field, supplemented by such laboratory determinations as 
are required. 

As the production of the annual crop, the processing of the products, arid the preservation 
of soil fertility are obviously matters requiring continual attention, the staff of the Station has 
a wide and useful field to which its activities may be directed. In particular, mention may be 
made of the investigations relating to the preservation and reclamation of the irrigated soils of 
the Murray. Until recent years, loss of productivity was accepted as inevitable on portions a t  
least of all the irrigated settlements, with declining capital value accompanied by loss in revenue. 
As investigations gradually clarified the position, and ameliorative measures for prevention of 
salting and the general misues of irrigation water became known, reclamation work has become 
prominent. The significance of the changed viewpoint is best illustrated by the steps now in 
progress for soil preservation in the various irrigated settlements. 

With the awakening of an irrigation conscience, there have been decided improvements 
in the incidence and method of irrigation, accompanied in most instances with increased efficiency 
a t  reduced costs. There is now a general recognition that surplus waters, arising either from storm 



waters or excess irrigation, must be removed ; and comprehensive drainage schemes are in the 
course of construction in most of the important irrigation areas producing dried fruits. The 
relatively large expenditure, and the ~~dlingness of the settlers to col~tribute, are well illustrated 
by reference to the Mildura district. The total irripble area (including Red Cliffs and Merbein) 
is about 33,000 acres, for which a comprehensive drainage scheme a t  a cost of approximately 
£400,000 is in course of construction. The settlers' contribution to the drainage mains is £5 per 
acre, and in addition the cost of the internal drainage is borne by the settler. Smaller works are 
in operation or in course of construction a t  Barmera, Waikerie, and Berri (South Australia), and 
in Woorinen (Victoria) ; in addition, investigations are in progress in Renmark (South ilustralia) 
and Nyah (Victoria) to determine the type of drainage suitable to these districts. 

The part played by the Station in these works is to investigake the drainage potentialities 
of the various soil types ; to assist in the examination and location of unproductive areas ; arrcl to 
suggest remedial measures. In addition, the Station is closely associated, throclgli v;~rious State 
and local committees, in the planning of the drainage schemes suitable for each particular 
environment. The work covers a wide area, embracing the settlements along the Murray between 
Waikerie in South Australia and Kerang in Victoria, a distance of approximately 400 miles. 

Soil investigations relating t'o soil preservation under irrigation conditions include the 
measurement of concentration, and t h e  location in t'he soil horizons, of injurious salts in various 
irrigation and drainage environments ; and irrigation methods in reference to reclamation. The 
depth and spacing of drains, in relation to the soil profile is an important feature of this work. 
Other intensive investigations include a study of the rate of ~noistrlre losses a t  different seasons 
of the year ; and it has been found possible to relate this work to the periodicity of irrigation. 
Pertilizer experiments, more particularly tlie nitrogen supply iu relation to the regular growth of 
cover crops, are being carried out, and the resultant reactions to vine growth and fruiting studied. 

In purely vit&ultnral works, attention has been especially directed to the renctions of 
such routine operations as pruning, shoot removal, and the general effects of controllable operations 
wbich affect the balance of foliage and fruit. These inquiries have been particularly necessary 
in the viticultural areas of the Murray Valley, on account of recent altered growth environments 
associated with changes in irrigation and fertilizer practices, drainage, and, in particular, the 
more regular use of leguminous cover crops as affecting soil nitrogen. It now appears possible 
that by controlling fruiting in relation to foliage development, a satisfactory annual yield can be 
obtained ; and in addition the nutrition of the vine kept a t  a sufficierltly high standard to ensure 
satisfactory development of fruiting wood including buds for the next year's crop. 

The work on fruit processing has been continued, and the overseas realization, in the case 
of the main crop-sultanas-has been well maintained in relation to other competitive countries. 
It has not been possible to hold the advances made in the quality of the Zante currants, which 
is still unsatisfactory in comparison with the produce of the Levant. The very variable nature 
of the Australia11 climate is responsible for this condition, as damaging January rains have been 
recorded in the producing centres in three of the past five years, compared with two bad seasons 
in the previous seventeen years. A return to average sumrner rainfall is necessary before further 
progress can be made in improving the currants. - - 

Further investigation; have been undertaken on the question of dipping solutions for sultana 
grapes. Proprietary lines of fine stable emulsions are now on the market, and are proving an 
advantage over the coarser home-made emulsions formerly used. 

The association with State oficials in horticulture and irrigation investigations has been 
maintained, and practically all the problems under investigation by the Station are being studied in 
co-operation with the State Departments concerned. 

2. Irrigation and Drainage Investigations.-The steps taken for amelioration of lands 
rendered more or less unproductive by irrigation waters fall under three general phases. The 
work on irrigation, including measurements of soil moisture, is primarily to define the irrigation 
needs of the soil, in relation to  the plants being grown, so that excess irrigation may be avoided. 
The investigations of the movements of injurious salts are for the correction or prevention of 
salt accumulations near the surface of the soil, which results from excess irrigation on certain 
soil types. Drainage investigations are designed to form a basis for tlie removal of excess water, 
and in certain cases for the leaching into the drains, owing to the deep sub-soil, of injurious salts. 
Drainage systems vary with the general environment ; and in this conliexion, the nature of the 
soil and sub-soil, the elevation of the irrigated lands, and the geological formation are considerations 
on which each drainage system is planned. 

There are two major considerations in defining a suitable drainage scheme for a community 
settlement requiring agricultural (or subsoil) drainage. The first necessity is an economic means 
of disposing of drainage waters as they are collected ; the second is a suitable method by which 
the free water of the subsoil can be drained out and collected. 



I n  the Murray Valley in Australia, there are three general systems for the disposal of 
drainage waters :-- 

(a) A system of deep-seated pipes, with a gravitational ontfall to a natural depression or 
n stream (as has been installed in the Mildura district). The subsoil ~vaters collected by internal 
drains within the irrigated areas are discharged to these deep seated pipes. 

(b) Pervious layers, of limestone or of sand, have been found underlying some of the 
irrigation settlements. In such cases deep wells are surlli to the depth of the pervlous layer, and 
the drainage waters discharged into the wells. - - 

(c) In  cases where the contour and elevation does not permit underground gravitational 
discharge as in (a), and the geological formation does not iiiclude a pervious layer as in (b), the 
drainage waters are raised, by pumping, and then discharged by gravitation, in channels leading 
to a suitable depression or to a natural stream. 

The free water in the subsoil is' collected, for disposal as mentioned in (a), (b) or (c) above, 
from the subsoil. In Australia, three general systems are u5ed :-(i) a system of underground pipes 
(agricultural drains) are suitably placed in the subsoil. and these pipes lead to the point of disposal, 
(ii) open drains, to which the subsoil waters may penetrate, are similarly used, and (iii) the subsoil 
may be sufficiently pervious to permit the lateral movement of free water direct to the points a t  
which the waters are discharged, in which case, neither agricultural drains or open drains are 
required. 

The work of the station in recent years has been to determine, in co-operation with the 
State authorities concerned, an economic method of disposing of drainage waters ; and more 
particularly to study the internal drainage requirements of the defined soil types of the irrigated 
lands. Such studies have been carried out in the Wailrerie, Berri and Barniera districts, South 
Australia, and in Mildura, Red Cliffs, Merbein and Nyah, Victoria, and have followed free water 
and soil profile stnclies designed to explore the extent and nature of free subsoil water in relation 
to loss of soil production. Preliminary studies are in progress in the Nyah, Icerang, and Chouna 
districts, Victoria, with a view to examination of soil reclamation methods which may be suited 
to these districts. 

In all t,he districts where subsoil drainage has been established, the removal of free water 
in relation to the soil type and to the depth and spacing of drains is being examined. On the station 
vineyard, in an area especially designed for the purpose, drainage investigations are intensified, 
and include the measurement of water applied to the soil, and the amounts of subsoil 
water collected by the drains. 

3. Salt Investigations.-An area of land on which the salt content prior to irrigation has 
been intensively mapped has now been irrigated for five seasons. The changed location of the 
salts resultant on irrigation has been mapped for each of the last five years. The data disclosc 
that the translocation of salt, and the preservation and improvement of soil fertility, hear a close 
relation to the method of irrigation. the quantity of water applied, and agricultural drainage. 
The annual survey has disclosed fairly consistent results, and it is proposed that future surveys 
shall be carried out less frequently, probably at  two or three year intervals. The work on the 
" salt field " has been intensified, and now includes the leaching of salts by heavy applications of 
irrigated water on drained soils, and the specific reactions to soil conditions and the  growth of 
vines on a site where the quantity of water applied has been coiitrolled, and the depth of drainage 
varied. The investigation has primarily established that potentially salty land of this type 
deteriorates with the advent of irrigation without agricultural drainage. In the drained portions, 
pr~duct~ivity and the general health of the vines are excelleut, 

4. Irrigatio?z Methods.-Investigational work dealing with moisture changes during the 
inter-irrigation periods throughout the season have been continued, in reference to defined soil 
types. The results of the investigations dealing with the method and frequency of irrigation are 
now being utilized increasingly over a wide range of irrigation settlements. An important 
feature of recent years has been the alteration of the periodicity of irrigation so as to include 
facilities for the satisfactory growth of leguminous plants as cover crops. 

5. Viticultural Studies.-Experiments on the sultana vine dealing with the relations between 
shoot growth, the accumulation of starch and nitrogenous compounds, the current season's crop, 
fruit bud formation, and yield in the following season, have been continued. It has been found 
that the mean weight of prunings may he taken as a useful index for defining the vcgctative 
vigour and also the yield potentialities of a blocli of vines. On the other hand, except in tbe case 
of vines of low vigour, there is little correlation between the amount of shoot growth and the 
yield of the followil~g season in individual vines of the same vineyard. The quality of the shoot 
growth is more closely associated with the amount of fruit produced. Uninterrupted and 
sustained shoot growth during the period September to February is conducive to the accumulation 
of reserve starch, the proper maturation of the shoots, and the formation of fruit buds. These 



findings are not in agreement with a current concept,ion that the vines require a mid-summer 
rest in order to obtain the best results. One of the most important of the factors which depress 
shoot growth, and which retard the accumulation of reserve starch and the for~nation of fruit 
buds, is the presence of the current season's crop. The heavier the crop the nmre necessary it 
becomes to maintain continuous shoot growth during the September-February period, in order 
to ensure the proper development of fruit buds for the following season. The cluestion of the 
renewal of shoot elongation growth subsequent to February (i.e., during period March-April) 
is being investigated. 

Pield investigations, in reference~to the balance of fruiting wood, topping, and the removal 
of barren shoots, are being continued. The general results indicate that yields are rllore intimately 
associated with the growth environment than with treatment. On the other hand, an over-supply 
of fruiting ~ ~ o o d ,  and the removal of portion of the leaves by removing barren shoots, have been 
shown to be detrimelztal. 

Fertilizer experiments on a field scale have so far proved inconclusive, excepting that, in 
cases where gromtll is restricted, an increased growth accompanied by increased yields has heen 
obtained by the application of a nitrogenous fertilizer. 

Increased attention has been given to the nitrogen relations to growth in the first five weeks 
after sprouting. in early spring. Preliminary results suggest that the nitrogen ~upply of the 
growing tissue is obtained to a considerable extent from the stored reserves. This may modify 
present views on the question of nitrogen app1ii;atious during the growii~g period, partic~~larly 
the Autumn period, during which reserves may be built up. AIcasurements of soil nitrates 
have again demonstrated that cover crops, regularly grown, modify the need for nitrogen 
fertilizers as supplementary manures. 

In reference to the reactions of the vine to nitrogen, potash, and phosphates, singly or in 
all combinations, it is extremely difficult to discern significant yield differences except in the 
special case of a shortage of soil nitrogen. On the other Irsnd, there is evidence of other reactions 
resulting from fertilizer treatment. It has been notccl that i-ines receiving niirogei~ llold their 
leaves and remain green longer a t  the " fall " period, and that the fruit from these plots is relatively 
more susceptible to wastage and moulds. . 

6. F ~ u i t  Processing.--The incorporation of olive oil in the dips used prior to drying grapes has 
in the past been in " home-made " emulsions. Finer ennrlsions, prepared by proprietary finns, 
are now on the market, and the standardization of these preparations in the dips has been continued. 
The inquiry is particularly necessary in the case of the " cold dip ", as both the fineness of the 
emulsion and the quantity of oil used react rnarliedly on the fruit during tlre drying period. As 
this work necessarily includes storage trials, periodic exnininations have been continued during the 
full period over which the fruit is sold. The complete investigation comhines laboratory and 
field examination in respect to the chemical changes and composition of the fresh and dried grapes, 
and of the substances used in processing. The results of these investigations are now being 
generally applied in the 3lildura district. 

The measurement of moisture content, an important factor in keeping qualities, has been 
instituted by the standardization and incorporation in colnnierril~l practices of an electrical 
moisture meter. 

The fumigant, ethyl formate, has also been standardized, and is being used extensively 
throughout Australia. Further work is being done in testing the possible usage of  other fuinipnts 
for stcrilization of individual boxes of dried fruit. 

7. Pasture Plots.-A series of pasture plots have been sown a t  the Research Station, 
Merbein, to demonstrate the type of pastures that could he established in the Mildura district, 
and to secure appropriate measurements as a guide to carrying capacity. It is considered that 
certain lands of marginal value within, and around, the settlements could be put to better use 
than a t  present, by providing grazing for working horses and for the cows kept on some holdings 
for house supplies. The pasture plots were established in September, 1935, on a basis of 
simple groups suggested as liltely to be suitable to the district. 

8. Pinancial Assistance.-Various bodies connected with the dried fruit industry grant 
financial assistance to the 39erbein Stntion. The total annual contributioiis now exceed 23,000. 
The contributing bodies include the Australian Dried Fruits Control Board, the four chief paelzing 
cornparlies of the 31ilcl~u-a district, and the Nyah-Woorinen settlsrs. The Dried Fruits Board of 

. South Australia, the State Rivers and MTater Supply Commission of Victoria, the Lands Department 
of South Australia, and the Renmark Irrigation Trust, also contribute, by canstructional work 
and the supply of water, to the upkeep of various experimental plots, 



The Griffith Research Station was established twelve years ago in an extensive area of 
horticultural crops under irrigation. Citrus is a major product of the district, and the station has 
34 acres of oranges which serve for experiments in green manuring, fertilizing, bud selection, 
citrus preservation, &c. In recent years attention has been paid to irrigation design and practice, 
and to more fundamental soil studies. RIethods have been developed whicll will allow the rapid 
application of this information throughout the area when the soil survey conducted by the Council's 
Division of Soils is completed. 

The New South Wales Water Conservation and Irrigation Commission contributes £1,250 a 

per annunl towards the working expenses of the station. Very helpful contact is also maintained 
with the Griffith Producers' Co-operative Company Limited, especially in the provision of 
special cool storage facilities for citrus preservation work. 

1. Greefz M(clt,erre Investigations.-- It has been found that a winter-growing, leguminous, 
green manure such as tick beans considerably increases the growth and yield of citrus trees. The 
influence of the green manure is noted very early in the life of the tree. Summer-growing green 
crops for green manure, such as cow peas, are not so effective, as the cornpetition of the crops for 
soil moisture offsets the beneficial fertiIizing effects. 

An extensive survev shows that the green crops cause an increase in the nitrate content 
of the surface soil after the crops are ploughed under. However, where the soil is lrept clean- 
cultivated and no green nlanure crop is grown, the total amount of nitrate throughout the root 
zone is greater than when green manure crops are grown. The beneficial effect of the green 
manure crop, therefore, is not explainable on the basis of simple nitrogen iiutrition. It is also 
found that heavy dressings of inorganic nitrogenous fertilizers fail to have the same effect as 
legunlinous green manure crops. 

Besides this distinct fertilizing effect, continued use of green manures has certain beneficial 
effects on the soil. lifter soils have been under cultivation for some time, the original st'ructure of 
the soil is destroyed. The effect is to make the soil appear heavier, and i t  becoines less easily 
cultivated and less permeable to water. Continued use of green manure tends to protect the 
soil against this serious loss of structure. Thus the soil of the green manure plots is now more 
easily worked, and will absorb irrigation and rain water much more readily, than will the soil of 
the clean-cultivated plots. Standardized methods of deterrrlinirlg the rate of percolation of water 
into the soil have yielded important and interesting information on these quedtions. Trials 
have shown that the most suitahle winter-growing leguminous crop to use for green manure is 
tick beans. 

2. Irrigation 1nz~estigations.-The amount of water used in irrigation often departs widely 
from the optimal range possible under practical conditions. with resultant injury to the plant, and, 
in the case of excess water, possible severe damage to the soil. Resultant reduced growth and 
yields are particularly serious where establishment costs are heavy, as in vineyards and orchards. 
The rational application of irrigation water, however, is a much more complex problem than appears 
a t  first sight. Controlling factors, such as soil, slope, and lay-out, vary greatly both between 
farms and within individual farms ; and irrigation practice must be varied accordingly. 

During the year another series of furrow irrigation experiments was conducted to elucidate 
the relation between these variables. The slope, flow, and length of run factors were also considered 
in relation to the velocity, wetted perimeter, and the dynamics of erosion in furrows. Several 
important principles have been determined. and the preliminary results of this investigation have 
been prepared for publication. 

VITith the co-operation of the Council's Division of Soils, preliminary results of the Division's 
soil survey of the Murrurnbidgee Irrigation Areas are being utilized for determinations of the 
field permeability of various soil types. A comprehensive study is also being made of the various 
factors affecting soil permeability, a property which is of importance in drainage and soil erosion 
investigations as well as in irrigation. Soil texture is generally the chief factor involved, but, 
in many of the soils in this district, soil structure is important. With some of the heavier types, 
it is the predominant factor. A detailed study is therefore being made of the morphology and 
structure of the various soil types. This has involved the comparison of methods for taking 
soil monoliths-a difficult procedure under local soil conditions-and certain quantitative measures 
of structure, including porespace determination of undisturbed soil blocks. Methods of aggregate 
analysis are also to be used. 

Investigations are in progress on methods for obtaining greater control of water in 
irrigation practice, and the general application of correct irrigation principles to soil conditions . 
throughout the area. A more satisfactory basis of this work will be prorided by the combination 
of existing contour maps with soil maps soon to he available. 
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3. Fertilizer Experirne9~ts.-The fertilizer requirements of citrus trees are being studied, 
both from the point of view of the effect on the size, yield, and health of the trees, and on tlie 
quality and chemical composition of the fruit. The soil can supply sufficient mineral nutrients 
when the trees are young ; but mature trees require heavy dressings of nitrogenous manures. 

4. Alternate C~opping qf Valencia Oran,qe.v.-The investigation of the objectionable habit 
of Valencia oranges in bearing alternate light and heavy crops is being carried out in co-operation 
with the Division of Plant Inudstry. Not only does this biennial bearing lead to marketing 
djfficulties,.but the fruit of the light year crop tends to be over-large and coarse, while the fruit 
of the heavy year is often unduly small. It has been found that by removing some of the fruit 
of the heavy year crop while still small, the crop of the followiiig year is increased. It has been 
found, however, tllat renioving somc of the fruit early has very little effect on the ultimate size 
obtained by the remaining fruit. Allowing fruit of the llcavy crop to remain on very late (until 
February) slightly decreases the size of the fruit of the next crop, and slightly decreases the number 
of fruit set a t  the next heavy crop. These are important findings in view of the custom of allowing 
some fruit to hang late to supply a good market in late summer. Carrying out the practice on 
the heavy crop year tends to reduce the unevenness of the crops and the excessive size of the fruit 
the following light crop year. The effect of the time of application of nitrogenous manures on 
the alternate bearing habit is being studied. 

5. Colcl Storage of Citrus Fruits.-The citrus preservation work being carried out a t  Griffith 
forms part of the ext'ensive investigations conducted at  different centres by the Council, in 
co-operation with State authorities. The station's investigations deal mainly with the effect of 
the orchard enviror~rrlcnt~al factors on the keeping qualities of oranges, and the variation in the 
keeping qualities due to environmental conditions. Such factors as time of picking, method of 
picking, and tlie effect of heavy and light irrigation, are being studied. 

6. Relation of Rice Fields to Local Hutnidit?y.-With the extensive cultivation of rice on 
the Murrumbidgee Irrigation Areas, the question arose as to the possibility of damage to vineyards 
adjacent to rice-fields. It was t h ~ l ~ ~ g l ~ t  by some that the close proximity of the rice-field may 
cause,increased damage by inducing tJhe splitting of grapes or by encouraging fungal diseases. 
The question was investigated in co-operation with-the Water Conservation and Irrigation 
Commission. It was found that althongh rice-fields caused an earlier deposition of dew and 
increased humidity, the effects wcre very localized, and no menace to neighbouring vineyards 
existed from this cause. 

7. Frost.-In addition to work on the incidence of frost previously reported, successful 
trials and demonstrations on orchard heating were carried out during the year. In these trials the 
New South Wales Department of Agriculture co-operated. 

8. Permanent Pastures.-A trial and local demonstration of permanent pastures lias been 
laid down. These include variety and mixture trials and fertilizer plots. 

9. Soil Salt Studies.-The movement of soil salt due to soil moisture relationship is being 
studied by means of specially constructed columns of soil in its undisturbed state. It has been 
found that, where a water table is maintained near the surface by means of supply of water from 
below, salts quickly accumulate a t  the surface ; but, where the water table is maintained by addition 
of water to the surface, the rise 01 salt is very slow. 

10. Soil Temperatures.-Extensive and complete records of the soil temperature a t  varying 
depths from the surface down to 8 feet are kept. The data are being. compiled and tabulated for 
publication in a form that will permit an accurate picture to be obtained of the soil temperature 

, under a variety of conditions. Such information is of value to investigators in many fields of 
soil and plant research. 

VIII. FOREST PRODUCTS INVESTIGATIONS. 
1.  General.-The outstanding factor in the year's work was the removal of the Division 

to its new quarters. The move begzn in October and occupied some months, as an attempt was 
made, as far as possible, to keep the sections a t  work. There were, however, many hold-ups 
due to faults developing in the newly erected plant. The result was a considerable interruption 
of the work, but this period has now passed and the Division is settled down in its new home. 
The building is giving great batisfaction, and its demoi~stration of the great beauty and utility of 
Australian timbers has attracted a pea t  deal of attention. It is hoped that, with properly planned 
laboratories and reasonable room for necessary operations, the work of the sections will steadily 
grow in effectiveness and extent, and that still more satisfactory assistance can be given to the 
timber-using industries. 

During the year, there were two important developrnents in the timber trade in which the 
Division was greatly interested, and in which i t  played a part. The first of these was the formation 
of a Timber Development Association in Victoria, which is attempting to unite all bodies interested 
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in the utilization of timber in a campaign to counter the over-development of materials which 
replace timber from its legitimate field. While the Division is not officially a member of this 
Association, the Chief of the Division and other officers have materially assisted in its work. 
The Chief of the Division has visited the majority of the municipal councils in the Melbourne 
metropolitan area, and has delivered addresses on the use of timber in house construction, the 
abolition of regulations re briclr areas, and the unification of building by-laws on rational lines. 
Tllcse addresses ].lave been very well received and, it is hoped, will help materially in overcoming 
many prejudices against the use of timber in buildings. Officers of the Division have prepared 
a Dictionary of TVoods for an advertising campaign of the Timber Development Association, 
and have also co-operated wit11 its slum abolition Committee. 

The second development sprang from the ~?lbove, and resulted in the holding in Sydney of 
the first All-Australian Timber Congress. This was attended by a large number of delegates from 
all States, and was a pronounced success. The main result was the laving of the foundations for 
an Australia-wide Timber Development Association and of plans for $nnual conferences. 

- Many gifts were received during the year in the form of money grants or materials. The 
Queensland Forest Service made a grant of £250 and tlie Queensland Ply~r-ood and Veneer Board 
£100. As a recognition of the value of the Division's work in preservation, the State Electricity 
Commission of Victoria indicated its intention of granting £100 per annum for five years and 
forwarded its first instalment. The New South Wales Forestry Comwlission donated $100 towards 
the cost of poles to complete the roadway over the canal. Donations were also received from 
14Iessrs. Henry ,Jones and Company, Hobart; Nessrs. Gihbs, Bright arid Company, Atelbourne; 
Australian Wood Pipe Company, and Messrs. Gunnersen, Nosworthy Proprietry Limited, 
Melbourne. Additional gifts of timber were received from the Tasmanian Timber organization, 
Messrs. 1). and J. lxvans, Messrs. J .  Sharp and Sons, Jlessrs. Strahan and navies, Messrs. 
Alstergren Liruiited, ant1 a special discount from Messrs. Beale and Coml?anp, Sytlney. 

Arrallgernents were completed with each of two companies proposing to manufacture 
paper from hardwoods in Australia for grants of 2500 per annum for a period of five years to assist 
the work on paper research. The third company is as yet not fully organized, hut has indicated 
that, when its arrangements are complete in the near future, it will contribute a like amount. 
J~$~ith tltis amount of S1,500 per annll!n, it will he possible to purchase much necessary ccjili11rne1lt 
and to malie per~nanent the present research staff in this section. The work dolie so far on 

L methods of analyses and on chemical and physical studies of the wood of Eucalyptus sieberiana 
has yielded results of very great promise. The object of the plan of work is to develop 
fundamental chemical and physical studies of the fibres of our hardwoods to assist in the soluticn 
of the problel~~s t'liat will uudoubtedly arise when these conlpaiiies arc in operation. It is very 
gratifying to record that as the result of many years of ground work on the part of the old 
Advisory Council of Science and Industry and of the present Council, the establishment of this 
important industry is now being actively entered upon, and several nlillions of pounds invested 
to  develop it. 

The Division has patiently awaited this development, as its belief in the possibility of 
establishing the industry has never wavered. It is perhaps necessary to make it clear that 
although all the basal work was done by officers of the Council, this was followed up by much 
worlc by the research chemists of the companies interested, without which present developrile~its 
collld i:ot have been possihle. 

Another event of importance was the visit of Dr. L. Chalk, oftheImperialPorestry Institute 
of Oxford. This is the first time the Division has had the benefit of such a visit, and it desires 
to record its appreciation and to emphasize the value of the visit. Officers of the Division, 
especially those in the Section of Wood Structure, benefited greatly by their discussions: ~ v i t l ~  
Dr. Chalk. 

An outstanding feature of this visit was the first conference of Australian workers in wood 
structure, held in Sydney. This was attended by the workers in wood structure from the 
Commonwealth Forestry Bureau, the Forest Services of Queensland and New South Wales, and 
by the Senior Wood Anatomist of the Division. As a result there will be much closer co-operation 
in this section of the work between the States and between the Commonwealth and the Forestry 
Institute a t  Oxford. 

A scheme for identification of Australian woods was laid down, and arrangements planned, 
which have now been implemented, whereby this llivision acts as the co-ordinating centre for 
this work, and also for the preparation of slides, photomicrographs, anti index cards for other 
workers in Australia. 

Officers of the Division have continued to make contacts with the trade throughout the 
Commonwealth. The Deputy Chief of the Division visited North Queensland, where previously 
contacts had only been made by correspondence. EIe spent about three months visiting all the 
main centres in this important timber area, advising millers, giving lectures, and obtaining 
firsthand information on the problems of the districts. On this trip, for the first time, use was 



made of the motor truck, which was especially fitted out with lantern and screen and with necessary 
equipment for demonstrations. Judging by the number of direct inquiries following on this 
visit, the intercst created was considerable and much good will ensue. North Queensland has 
special interest .because of its great wealth of magnificent cabinet timbers, which are extensively 
used in Australia and abroad. 

Numerous visitors have spent some time in the laboratories, and it is gratifying that several 
firms have sent young members of their staff for periods of training. An officer of the New South 
Wales Forest Service has spent some months in the Division, and it has beell arranged that others 
are to follow him. 

The Division welcomes the establishment of a Technological Branch of the New South 
Wales Forestry Con~n~ission, and is arrangirlg to co-operate closely in its activities by training 
its officers, exchanging reports, and generally preventing overlap in the solution of special New 
South \Tales problems. This makes four States which now have utilization branches, and as 
these develop they will be able to relieve the Division of much routine work and enable i t  to 
ooncentrate more and more on purely research activities. 

I t  is pleasing to be able to report the continued active co-operation of the Commonwealth 
Forestry Bureau arld the Xtate Forest Services. MTithout this, indeed, it would not have been 
possible to lnalic the progress tliat is reported. Forest Products Laboratories throughout the 
Ernpire have also given considerable assistance lvhich is grateflllly acknowledged. LPll branches 
of the timber trade have freely assisted with material for test and with advice on various practical 
problems and also by allowing o6cers of the Division free access to their plants. The trade 
associntiorls have also been rnost helpful. 

2. Sectiorz of Timber Seasoning.-This Section, perhaps more than any other Section of 
the Division, suffered serious loss of ell'ective time owing to the change-over to the new premises. 
There has been no change in policy in this Section, which aims a t  the most direct and immediate 
assistance to the industry. Some years ago, its more definitely research activities were transferred 
to the Section of Timber Physics, where they would be less liable to interruption by routine work. 
Undonbtcdly the most urgent need of the industry is the help that can be given by direct contact, 
by the development of kiln sct~edules, and by educational work. The time, however, has arrived 
when i t  becomes increasingly desirable that more advanced study of some of the problelns of 
drying hardwoods should be undertaken. 

A thorough survey of Tasmanian kiln installations was made during the year, and many 
of those ill New South Wales and Queensland were visited by officers of other sections. The total 
number oi kiln installations of wbict~ the Division has records is set out in the following table :- 

State. 
Number of plants at xu,nber of K l l r , i  which l,i111? are 

operating. operating 

Each year shows a steady increase in the nurnber of kilns in operation, and also in the 
efficiency with which they are constructed and operated. 

The utilization branches of the Forest Services in Queensland and Western Australia have 
'co-operated most satisfactorily in maintaining contact with the trade, and it is h<ped that in tile 
near future the recently fornled branch in New Soi~th Wales will be actively a t  work and performing 
a similar function. This will by no means eliminate the need for the Division's services i11 
connexion with seasoning problems, but, on the contrary, should extend it. 

Schedules were dcvelopecl in thc laboratory Itiltls for the following timbers :-Eucalyptus 
rostrnta (red gum), Tarrietia peralata (red tulip oak), Eucalyptus pilularis (blackbutt-mature 
and immature), Syncarpia hillii (satinay), Eucal?yptus gra~zdis (rose gum--mature and immature), 
Eugenia gustauioides (grey satin ash), Eucalyptus rnaculccta (spotted gum-immature). 

Further tests of ( (  salt seasoning " were carrictl out, and are being followed by commercial 
trials in New South Wales. 

A major part in the work of the Section is the study of the drying problems of individual 
plants aud the preparation of plans for kiln installations. In addition, lilln operators are trained 
by nlcans of correspondence courses. A total of 192 have commenced this course, of wliorn 58 
received training throughout the year. 

Victoria . . . . . . . . 
Ku'ew South Wales . . . . . . 
Queensland . . . . . . . . 
Tttsrrl;:i~ia . . . . . . . . 
South Australia . . . . . . 
Wcstern Australla . . . . . . 

~ o t a l  . . . . . . 

37 
34 
25 
16 
8 
8 

- -- 
128 

145 
100 
84-t 
49 
33 
18 . 

-- - 
429 + 



The second part of " A Guide to the Seasoning of Australian Timbers ", and two trade 
circulars, " Faults in MTooden Floors ", and " Kiln Instruments " were prepared and issued; 
and a further trade circular on " Testing Seasoning f<ilns " was sent to the printer. A report 
on coatings for walls of reconditioning chambers has been prepared. 

3. Section of Timber Physics.-(i) Density.-This Section has carried out numerous 
determinations of basic density and shrinkage. The results of 1926 density measurements covering 
198 species were published in the Council's Journal. These figures included estimated ranges of 
value for many species. 

(ji) Shrinkage.-A pamphlet was prepared and published giving details of the method 
adopted for determining basic shrinkage and of various factors which affect this value. Results 
were also given for basic, t'angential, and radial shrinkages of 158 species represented by 4,958 
samples. Later work has extended these to 192 species and 5,952 samples. In  addition, many 
measurements have been made on standard 1 inch x 4 inch x 1 inch samples. Longitudinal 
shrinkage has also been studied, and progress made in establishing a standard procedure for such 
work. 

(iii) Moist?~re Neters.-The " blinker " moisture meter is now widely used in Australia, 
and correction figures continue to be estimated and issued to users. Correction figures have now 
been prepared for 1,235 species. It has been found that the light-duty batteries adopted for 
lightness do not give long enough life, and the tendency now is to adopt standard radio R batteries. 
Some firms are using the power mains through suitable rectifying equipment. This latter 
arrangement is satisfactory except when testing timbers below 10 per cent. moisture, in which 
case leakage is liable to give trouble. A new rneter has been developed in co-operation with the 
Section of Utilization. The outstandii~g feature of tliis instrument is its use in testing moving 
timber, e.g., boards passing through a planing machine, and the arrangement whereby 
i t  automatically signals boards a t  a moisture content above any selected maximum. 

(iv) Collapse.-A series of tests designed to investigate the effect of various drying schedules 
on the occurrence of collapse, and its removal a t  different reconditioning temperatures, have been 
completed. The value of using temperatures as 'nigh as practicable when reconditioning has been 
demonstrated. A (#omparison has been made of the extent to which collapse occurs in 1 inch x 
4 inch x 1 inch samples and in 1 inch x 4 inch boards respectively, and of the reconditioning 
treatments required in the two cases. Other factors investigated have 1)cen the effect of moisture 
content on reconditioning, and the effect of subjecting green timber to high temperatures on its 
subsequent collapse and reconditioning. Further work along these lines is contemplated. 

(v) Miscellaneous.-Other work has covered measurements of fibre saturation points and 
tests to determine the equilibrium moisture content conditions above concrete sub-floors, so as 
to decide whether the concrete is sufficiently dry for a timber floor to be placed above i t  without 
fear of the timber picking up moisture. 

4. Section of Wood Structure.-(i) General.-The outstanding feature of the year for this 
Section was the visit of Dr. Chalk which resulted in the first conference of wood anatomists in 
Australia, a t  which the foundations of future procedure for identification were laid. This scheme, 
i t  is hoped, will be satisfactory until an international scheme is finalized through the International 
Association of Wood Anatomists when, if necessary, it can be modifiect. 

The results of the investigation of the wood structure of some Australian timbers of the 
Rutaceae, which family includes the important Australian genus, Pliltdersia, have been analysed 
and prepared for publication. Australian timbers of the Lauraceae have also been examined, 
and when additional samples of several species are obtained, the results mill be prepared for 
publication. 

Forther+investigations have been carried' out to determine more definite means of 
identifying many of the light-weight pale-coloured woods of the genus Eucalyptus. This work 
has progressed slowly owing to the many problems met in the attempt to discover satisfactory 
distinguishing features. 

It has been found necessary to study in detail many of the timbers of New Guinea, since more 
and more of these are reaching the Australian markets under a great variety of names. To assist 
identification, arrangeinerits have been completed (through the co-operation of Professor S. J. 
Record of the Yale School of Forestry) whereby 350 samples of timbers collected in New Guinea 
have been obtained for examination and reference. 

During the year, the services of the Section were called upon for 300 identifications as well 
as for general information regarding trade and botanical names. Nearly 400 wood samples were 
added to the wood collcction dnring the period under review. The Section continues to carry 
out the photographic work for all Sections, and for some other Divisions of the Council. 

A ., 
(ii) Basic Density.-Studies of the variation within a tree were continued with samples 

from butt, centre, and top log sections of two trees of Eucalyptus sieberiana. In addition, numerous 
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routine determinations were carried out on the woods of the pale-coloured group of eucalypts. 
The information on variation in basic density within a tree and between trees will shortly be 
prepared for publication. 

(iii) Causes of Brittleness.-The investigations of brittleness were continued during the 
year. It was shown that, while prolonged exposures to high temperatures (up to and including 
160" I?.) materially reduced the toughness of Eucalyptus regnans and tended to produce brittle 
wood, there was no formation of broken fibres. 

The type of brittleness referred to as " brittle heart ", and detected by means of the broken 
fibre test, has been found to be extremely widespread in Australian timbers. Five out of six trees 
of red tulip oak (Tarrietia argyrodendron var. pe~alata), which were received for mechanical tests, 
were found to contain varying amounts of brittle heart, and in two of the trees its extent was 
appreciable although erratic. It was found t,o be more abundant on one side of the centre portions 
of these trees. This eccentric distribution of the heart was also found in E.  sieberiana. In  the 
top section of one tree, the heart area was extended some 6-7 centimetres from the pith, except 
in one small sector where there was no heart right to the pith. These and other results favour 
the assumption that " heart " is related to the attack of some fungus or fungi. In other timbers, 
brittleness was apparently natural to the species, as, in these cases, the wood was uniformly low 
in toughness and broken fibres were not found. Definite experimental proof was obtained 
connecting broken fibres with the minute compression failures which were observed to be common 
in the areas around the pith of many timbers. 

(iv) Paper-Making Fibres.-Pulps from the various " cooks " made on the wood from 
selected positions in three trees of E. sieberialza were exanlined microscopically both before, and 
after, beating in the laboratory Lampen mill. The reaction of the beaten pulps to swelling reag~nts 
appeared to be definitely correlated with their xylan content, even in the case of pulps obtained 
by varying the amount of alkali used in the cook. 

The effect of the addition and removal of wood gum on the beating properties of fibres 
was further investigated. It was found, in these investigations, that the amount of wood gum 
present caused no significant difference in the reaction of the fibres during beating, and only a 
slight difference after further treatment with acid. At first sight, it would appear that the results 
were a t  variance with those previously reported ; but the extracted pulps used in the two 
experiments were diflerent, that previously used containing much less wood gun]. 

(v) Cell Wall Structure.-E'urther work has been carried out 011 the structure of the cell 
wall by swelling with 72 per cent. sulphuric acid and examination under polarized light. 

5. Section of Wood Utilization.-(i) General.-Utilization studies have been advanced by 
personal visits of officers to Queensland, New South Wales, South Australia, and Tasmania. In 
Victoria the Division's officers are naturally in constant contact with the industry. The extent 
of this work grows steadily, and over 450 inquiries were dealt with during the year either by - 

personal contact or by correspondence. The inquiries concerned timbers suitable for a wide 
variety of different purposes, and also the uses of specified timbers, both Australian and New 
Guinea species. 

Two timber exhibits of the aspects of the Division's work which aim to promote 
improvement in manufacture and building practices were prepared during the year. One was 
displayed at  the official opening of the Division's new building, and the other lent to the Porestry 
Department, Tasmania, for display a t  the Launceston Exhibition. The public interest shown 
in these exhibits was again most gratifying. 

(ii) New Moisture Meter.--A development of considerable importance to the timber trade 
is a new electrical moisture meter which has been brought to a commercial stage. This instrument 
possesses several unusual features. The chief one is its application to testing timber on the 
move, for example, flooring boards emerging from a planing machine, or boards on a conveyor 
belt. The timber to be tested simply passes underneath a metal plate, and the actual moisture 
content may be read with a fair degree of accuracy on a dial ; or, if preferred, a pointer may be 
set a t  any preselected maximum moisture content, whereupon any wetter pieces passing under 
the plate automatically ring a bell, light a warning lamp, or could be made to operate a trip or 
other device to deflect the rejected boards. An article giving full constructional details of this 
meter has been prepared for the August, 1937, issue of the Council's Journal. 

(iii) Dictionary of Woods.-At the request of the Timber Development Association of 
Victoria, the text of descriptions of 48 timbers has been prepared, summarizing their general 
properties, availability, sizes, and uses. The Association intends to issue this compilation as 
an architects' dictionary of woods, and to include i t  in an architectural catalogue of building 
materials. 

(iv) Utilization Index.-An index of wood producers, wood consumers, species used, and 
products manllfactured within the Australian timber industry, was developed to give, in ready 

- 



reference form, information on producing or consuming industries. On many occasions the 
recorded infornlation greatly facilitated the locating of sources of supply of special timbers and 
certain products. 

(v) Utilization Statistics.-Progress was made in itemizing statistical records of wood 
production, imports, and consumption, and bringing these into readily accessible form. The 
system adopted is capable of extension to cover all industries in which wood is produced or used. 

(vi) Fibre Boards.-There has been renewed activity with inquiries from people interested 
in the manufacture of fibre boards. Several proposals for comlnercial operation were examined, 
of wllich two seern likely to begin operations in the near future. 

Yariiphlet No. 36, prepared in 1932, has been of considerable use to such inquirers. The 
position in 1932 was, in the opinion of the Division, that Australian consulnption had not reached 
the stage to justify even the smallest size economical unit of production. This position, however, 
is now changing. Demand is growing, and prices of competitive materials, sucll as plywood, 
liave risen. It may still be a few years before coilsumption reaches the economic limit, which 
is in the neighbourhood of 20 million square feet, but it looks as if the industry will sooil be 
established. Australian hardwoods can make excellent insulating and hard-pressed boards, as 
has been demonstrated in the trials carried out in United States of America for the Division. 

(vii) Butter Eoxes.-The need of sprayed hoop pine butter boxes is increasing, and more 
factories for their production have been installed, the Division supplying the necessa,rv plails. 
The supply of New Zealand white pine having been very greatly reduced by the New 'zealand 
Government, hoop pine millers are supplying much large quantities to fill the gap. Large-scale 
experimental shipments are being mad& to test the efticacy of sprayed hoop pine butter boxes. 
Trials of a new wrapping for use inside the boxes seern to be giving satisraction, and, though i t  
will be far more costly than spraying, it lias certaia aclvantages which may lead to its adoption 
for some purposes. , 

(viii) Grading Studies.-The secretarial work of the Timber Sectional Committee of the 
Standards Association of Australia was continued, and a meeting of the central Committee was 
held during the year to consider the progress niade by the respective State sub-cornmittees. Four 
draft specifications for (4 jarrah and karri, (0) nlilled flooring, lining, and ~veatherboard of 
radiata pine, (c) hardwood paving blocks, and (d) ternis and definitions used in iililber grading 
rules were approved, and arrangements made for them to be issued by the Association as Australian 
standards. Approval ~vas also given for tlie issue, for public critical review, of draft specifications 
relating to (a) plywood, (b) milled lining and weatherboard of eucalypt and brush timbers of Yew 
South Wales ancl &ucc.nsland, (c) milled lining of hoop a i d  bunya pines, arid (d) stantlard common 
names. State sub-committees also made progress in the preparation of specifications for (a) 
grading rules for joinery stock, (b) doors and door sizes and (c) a list of botanical names of 

- commercial timbers and essential oil producing Australian species for conservation. 
- - - 

Grading studies of hoop pine and cypress pine in New South Wales and Queensland were 
carried out over a period of some niorrths. Tliese studies included large scale inspection and mill 
studies. The results were reported to the industry. In  New South \Vales a comprehensive 
grading study was carried out covering poles, piles, sleepers, cross arms, and sawn structural 
timbers. Reports were prepared for the New South Wales Forestry Commission. The grading 
studies of Victorian and Taslnallian ash eucalypts were completed, and the results of three yean? 
worl; has been prepared for publication. 

(ix) Sazcnzill Economics and Design.-Studies in sawnlilling economics were advanced 
during the year by conducting mill-scale investigations on the influence of size on value of output. 
At sawmills in New South Wales and Qneensland, the products from different sized logs of 
Araucaria culzninghamii were tallied by width and f~rade. Utilizing statistical methods, a 
technique of computation was developed which estahllshed the relations between log diameter 
and (aj percentage recovery, (b) proportions of different widths produced, (c) average grade 
proportions, and (d) log values. Such relations have an important bearing on the technical 
rotation of forests, and it is considered that the information obtained from an organized industry 
marketing a native softwood should indicate possible developments of a future industry utilizing 
timber from forests of native or exotic s~ t ' t ~~oods .  

In Queensland, studies in sawmills cutting Callitris glauca permitted an analysis to be made 
of sawing methods and sizes produced, and to show the dependence of recovery and valuc of 
production on log diameter. 

Numerous designs of plants for manufacture and of sawmill equipment were planned for 
State and private bodies. 

(x) A1iscellaneous.-Among numerous miscellaneous studies on smaller projects, was the 
investigation of the brenldng of 40 per cent. of bcrltls in a sporting goods f,tctory. The aclvice 
tendered reduced this serious loss to a negligible amount. 



6. Section of Timber Mechanics.-(i) General.-Over 7,000 tests were carried out in this 
Section during the year. The computation and analyses of the results of tllesc tests are very 
time-consuming, and it has been found necessary to allocate this colrlputing to a special section 
under the recently-appointed Statistician. This will relieve the scientific officers of a large amount 
of laborious calculation, and enable Inore rapid analysis of results. 

Two new Southwark-Emery hydraulic testing machines were installed, one Univcrsal 
machine of 20,000 lb. capacity, and one compression and bending machine of 600,000 Ib. capacity. 
Both these machines have given most satisfactory service. To calibrate these machinca, two 
Morehouse proving rings of 25,000 and 300,000 lb. capacity were obtained. 

(ii) Box and Crate Desigf6.-Work on this project has mainly been concerned with the 
testing of types of containers for special purposes, for example, fibre-board boxes for shipping 
canned soup. It was found that board made with the corrugated centre of a wood pulp product 
was as satisfactory as that where straw pulp was used. 

Two new types of special nails were tested. The efficiency of one of them, the surface of 
which is slightly roughened by sand-rumbling, was significantly higher than that of the plain nail, 
particularly in static liolding-power when drawn three months after driving. The eRciency of 
the other type of nail, which mas subjected to an anti-corrosive treatment, was no higher than 
that of the plain nail, and it was particularly low in impact holding power. 

(iii) The Bending of Wood.-Very little is knowll as to the bending qualities of the maj,xity 
of Australian timbers, and the experimentitl bendiug niacliinc is proving very satjs£actory 
in studying this property. In order to obtain some information as to the bending properties of 
a large number of species, i t  is proposed to conduct a reconnaissance of the various Australia11 
specics which iliight possibly be used for bending. In this survey, only about 100 super. feet of 
timber will be used, and the tests will be such that the timber species can he placed into three 
classes :-(I) good bending timbers, (2) timbers suitable for the less severe bends, and (3) timbers 
unsuitable for bending. In addition to the reconnaissance, compreheiisive tests ~7.111 be made on 
selected species as material becornes available. 

The tests on red tulip oak showed that this species is one of the best Australian timbers 
for bending, successful bends having loeeri made with 1 inch thick material a t  3 inch radius. A 
series of bending tests were made on lrarri. These showed that this species, while suitable for 
mild and moderate bends, is not nearly so good as red tulip oak, and that tlie steaming time 
required for best results is considerably longer. A few tests on brown mallet indicated that this 
species should bend very well. I t  appeared to be mucl~ superior to karri and to be almost as good 
as red tulip oak. In order to obtain an estiniate of the variability in bending quality, uniformity 
trials have been carried out on spotted gum and hoop pine. The results have not yet been ailalysed, 
but it appears that the variability is much greater than for most mechanical properties. Spotted 
gun1 appears to be somewhat similar to karri in its bending properties ; but hoop pine is defiriitely 
inferior, and is probably only suitable for very moderate bends. 

(iv) Toughness.-It was merhioned in last year's Report that the stage was being reached 
where publication of the results of tol~gliness tests on about 250 species woultd hc possible. Durilzg 
the past year, many gaps were filled in, but there are still a number of species insufficiently 
represented. 

In order to detect differences of the order of 10 per cent. in species averages, material from 
about 30 trees moultl be required. On a, largc number of species, inaterial froni only about five 
trees is available, and differences in species means of less than about 30 per cent. are in geiieral not 
significant. 111 the proposed publication, i t  will therefore be possible only to classify the various 
specaies into groups. While this is fairly satisfactory, it is desirable eventually to obtain data from 
the larg~r  number of trees. 

(v) Standard illcchanical Tests.-Steady progress has been made on this project. Work on 
brown mallet (Eucalyptus astriqens) has been conlpleted, and a parrlplilct on this timber is in 
the printer's hands. Spotted gum (green), karri (dry), cypress pine (dry), and hoop pine (green) 
were also tested. 

(a) Pinus radiata.-The analysis of the tests on the 24 plantation-grown trees has been 
completed. A prBcis of the rriore inlportant data has been prepared for publication in a general 
pamphlet on the properties of Y. ~adiata. The more detailed rewlts of the mechanical tests will 
be published later. The analysis showed that there was little difference in tlie properties of 
the timber obtained from the various districts, although the 33-year old trees from liuitpo (south I Australia) were dislinctly higher in all strength properties tlinn the 23-year old trees from the 
same locality. Talterl as a whole, the properties of " clear " P. radiata conform very closely to. 
those of American pines of the same density. P. radiata is inferior to I)ouglas fir (Psi?udotsuga 
tax<folia) in practically all strength properties, but is equal or superior to western henllocl< (YkLlgn 
heterophylla), arid it lias much higher mechanical properties thanwestern yellow pine (P. yonderosa). 
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The variation in properties with position in the tree was studied ; and it was found that 
in most of the trees there was a pronoul~ced rise in ciensity and strength with increasing distance 
from pith. This was accompanied by a reduction in ring width. It was also found that, in 
general, there was a reduction in density with increasing height in the tree, and that the material 
from the lower 20 feet was slightly stronger, statically, than that from higher up. There was a 
remarkable variation in toughness with height in the tree, the wood from the butt being almost 
twice as tough as that from 16 feet and over. No inforination was available as to the variation 
between 1 foot and 16 feet from the ground, and consequently it is not known how quickly the 
toughness changes with increasing height in the tree. Statistical analyses of the effect of density, 
number of rings per inch: and percentage summerwood were made. It was found that the rate 
of growth affccts the strength directly, independently of density. 

(b) Bed l'q~lip Oak (Ta~rietia argyrodenclron var. peralata).-The results of the tests on the 
green specimens have been computeti, and the analysis is almost complete. It was found that 
red tulip oak is a strong timber, being comparable with karri in most strength properties. It 
is, however, not so hard as karri. There is a considerable variation in the properties of individual 
trees of tlie species, both in the density and average properties of the sound wood arid in the 
distribution of " brittle heart ". Some trees were practically free from brittle heart, whereas 
in two of the trees it was very extensive. In these trees the brittle area extended right to the bark 
on one side, whereas on the opposite side of the trees the wood was comparatively tough, the 
distribution of brittle heart being very eccentric. This is the first time that brittle heart has been 
found to extend to tlie sapwood. The results of the toughness tests were confirmed by the 
" broken fibre " test. 

(vi) Special Tests.-(a) Split-ring Connectors.-The test specimens built up from green 
jarrah and karri have all been assembled. Those to be tested after drying has taken place have 
been stacked in the open air under as severe drying conditions as possible. The remainder have 
been tested in the green condition, and the results of the tests are now being analysed. The 
results to date indicate that the load-carrying capacity with green jarrah and karri is very similar 
to that with dry Douglas fir. 

Interest in modern connectors is increasing, and it is understood that a large Brisbane 
firm of contractors is going to use them for tirulber false work in the constraction of large bridges. 
It is also probable that collnectors will be used in the 90-ft. timber radio beacons which will 
shortly be erected at several acrodrorrles in Australia. The Postal Department is also investigating 
the po~sibility of using tiniher radio towers for, short-wave stations. 

(b) Tests on Coach Screws.-A detailed working plan has been drawn up, covering a 
comprehensive series of tests on the holding.power of coach screws. Over 2,500 screws will be 
tested in four different species covering ~ondit~ions of moisture content, size, and depth of hole, 
&c. Vibration tests will be carried out in addition to the rrlairi series, in which static holding 
power will he measured. The torque required to drive the screws will also be measured, 
arrangements having been made to use the equipment of the University of Melbonrne Engineering 
School for this purpose. In  order to obtain the utmost possible information from the tests, a 
" factorial " layout has been adopted, resort being made to " confounding " ~vllere necessary. 

( c )  Sagginy qf Wooden Beams.--It is well known that wooden beams subjected to long-time 
loading tend to sag. Practically no information is available concerning the sagging of beams, 
and, as it is an inlportant factor to be considered in the design of timber structures, it has been 
decided to initiate experimental work to obtain data which can be used in design. This work is 
necessarily long-dated and the equipment required is expensive. 

7. Section of Wood Preservation.-(i) Field Tests.-In co-operation with the Division of 
Economic Entomology, experiments have been carried out over the 1)ast five years, with a view 
to developing a. satisfactory nietliod of testing the relative susceptibility of timber samples to 
the attacks of termites. The chief difficulty has been to insure that all specimens being tested 
are actually submitted to attack during the period of observation, usually one year. A satisfactory 
rnethod has now been evolved, an account of which has been given on a previous page (see Section 
111. : 10 (iv) ). 

The interest of the public utilities in the service testing of poles treated with different 
methods has been maintained. Untreated poles in the pole-test sites a t  Belgrave and Renalla 
(Victoria) were found to have been attacked to a fairly considerable degree, after approximately 
three and a half years' service. Decay was also developing in poles treated with arsenic and 
arsenic plus sodium fluoride collars, and in unseasoned poles treated (over sapwood) by the 

, scouring and charring process. In co-operation with the Victorian State Electricity 
Commission (which has met tlie expense of installingethe new pole-testing site), a new test has been 
started a t  Ballarat. The Forests Commission of Victoria has co-operated by donating the poles , 

free of royalty. 



Prom previous experience at other test sites, it seemed likely that two years was the 
period of protection afforded by brush treatment with creosote combined with soil puddling. 
During the year an inspection of test poles installed i11 the Postmaster-General's Department 
line near Tynong, Victoria, further confirmed this conch~sion. It was also shown that brush 
treatment with tar was ineffective, mliile treatment with arsenical collars xvas beginning to fail. 
It appeared that these could be expected to give protection for about four to five years under test 
conditions. 

The treatment of fence posts promises to be of increasing importance in the future, and 
test sites have been established in Western Australia, Victoria, and New South Wales. Inspections 
of the Western Australian sites are now in progress. In Victoria, after ahout fifteen months, 
all the treated posts are sound, but termite attack has already commenced in some of the untreated 
controls. Tests of a large number of preservatives impregnated into Pinus radiata, E. regnans 
truewood, and E. regnans sapling billets are in progress in a 1111mber of sites. 

In co-operation with the Queensland Forest Service, tests have been made on piling sections 
of creosoted k,rllhh box, blacltbutt, and rose gum, the  actual field testing I~eing carried out by the 
Queensland Forest Service in their established testing localities. It was found that the creosoted 
timber is fairly resistant to attack by crustacean and certain other marine borers, such as RafzEia 
and Teredo spp. ; but very little protection is given against Nausitoria, which occurs in waters of 
low salinity. 

(ii) Treatability of Australian Timbers.-In connexion with the investigation of the value of 
various less durable Australian timbers for sleepers, preliminary tests were made on the treatment 
of small-sized samples using pressure, open tank, and brush treatments with creosote oil and 
zinc chloride solution. Four species of timber were tested, namely, Eucalyptus austmliana, E. 
regnans, 3. ohligun, and E. viminalis. No significant difference was found between brush treatments 
applied liot and cold, and no difference betwt3en species. Pressure treatment with creosote was 
no better than open tank, the absorption in both cases being low, and all penetration 
longitudinal. Pressure treatment with zinc chloride solution gave a much higher absorption 
than open-tank treatment. Further investigations using modified preliminary incising are planned 
in order to take advantage of the fairly gooti lo~lgltudinal penetration obtained, especially 
with E. viminalis and E. australiana. 

(iii) Preservation B~ocesses.-An investigation indicated that the sterilization of partly 
decayed poles obtained with coal gas both on, and immediately below, the surface was only about 
half of that obtained in previous tests using acetylene. A lower absorption of creosote oil was 
obtained in the treated poles. The determination of the probable added life due to the treatment of 
a partly decayed pole by means of the oxy-acetylene process is diflicult, and can only be 
determined by extensive service tests. Tlle Postmaster-General's Department has arranged 
for a test of the oxy-acetylene process on 50 poles in each of'two localities. 

(iv) Preservatives.-In co-operation with the Standards Association of Australia, work 
was carried out on the development of a ~pecificat~ion for Australian creosote oil for wood preserving 
purposes. The British Specification was modified, and Creosote Type 8 . 2  specification was 
accepted as suitable for Australian conditions. An Australian Staidard based on this was 
prepared and issued by the Association. 

The results of considerable experience and of experimental work have indicated that 
arsenicals are the best terlniticides linown in Australia. Usually, arsenious trioxide has been 
used, but difficulties are associated with preparing it in solution, the addition of caustic soda 
or sodium carbonate being a t  times detrimental to its use for certain purposes, particularly in 
the field. A comparative lalr~oratory study has, therefore, been commenced in co-operation with 
the Division of Economic Entomology to deterrniize the relative efficiencies of the tri- and 
pentavalent-arsenic oxides. 

(v) I,yctus Investigations.-In continuation of the laboratory chemical investigations which 
have indicated that sodium fluosilicate in low conceiitrations gave protection against Lyctus 
attack, expe~.irnents have been carried out on the treatment of green logs and green and dry 
veneer. Treatment of green logs was found to be impracticable, as the full depth of the sapwood 
coultl not be penetrated with sufficient preservative in a boiling period of 40 hours. Treatment 
of -& inch and A inch preen veneers is practicable, the time varying from 15 to 30niinutes, depending 
upon the thickness and species of tirnher. Short open-tank treatment of air-dry veneer also gave 
good results. Further large scale plant tests are desirable to indicate the most satisfactory 
conditions under the factory layout available, and these are planned for the near future. 

The starch survey of living trees, which is being carried out in co-operation with the 1 

Victorian Forests Commission and tlie New South Wales Forestry Commission, has been continued. 
In Victoria, the testing of samples of mature and over-mature trees of six commercial species 
has been concluded, and graphs of starch content prepared. No definite or consistent seasonal 1 
or locality variation has been found in any of the species examined. 

1 



In  New South Wales, the survey has been commenced to cover E. maculata, E. grandis, 
E. saligna, E. pilularis, Sloanea u*oollsii and Schi~omeria ovata. To date, a high starch content 
is being obtained in E. maculata, S. woollsii, and S. ovata, while E. piltllnris is low, the remaining 
species being intermediate but variable. 

A preliminary investigation was made of " included sapwood " in karri, particularly in 
regard to its inclusion in structural or building timber. It \$-as found that the " included sapwood " 
was generally attacked by " sap-staining " fungi, these being dead, death having probably 
occurred in the living tree. In all cases, the " included sapwood " development was associated 
with borer attack in the living tree. There was no significant difference between the strength 
of normal '! included sapwood " and truewood, and it was concluded that such should not be 
considered a defect in sLructura1 or building material when this is used under conditions which 
are not conducive to the development of decay. 

1 (vi) G1zcing.-The quality of casein as supplied in Australia appears to vary wideiy, and 
difficulties are often encountered in wood-working plants due to this factor. It is considered 
desirable to investigate fully the chemical composition and glue-making value of the Australian 
caseins, and endeavour to formulate a specification which will be saisfactory for glue-making 
purposes. The present American specification does not admit the bulk of Australian caseins, 
many of which, however, give very satisfactory glues. A detailed plan of study was prepared, 
and the various casein manufacturers have supplied samples of their products. To (late, tests 
have been made on ruoisture fat, and a.;h ; but these are not yet completed for all samples. I11 

the sanlples tested, the fat variation is from 1 per cent. for lactic casein to 12 per cent. 
for buttermilk, while within the lactic caseins, the range is from 1 per cent. to 4 per cent. The 
ash contents are more regular, and all samples tested have less than 3 per cent. 

8. Section of Wood Chewiistry.-(i) General.-- The work of this section has been directed 
towards investigations relating to the funclamentals of paper-making, and, in this connexion, i t  
has been found necessary to continue to pay close attention to the rrlcthods of analysis, both 
for ~ ~ o o d s  and for pulps. The paper-making investigations have been continued in co-opcration 
with Australian I'aper Manufacturers Limited, stress being laid on the conlmencement of a long- 
dated routine survey of the pulping qualities of Australian timbers. The study up to the present 
time has covered three trees of Eucalyptus sieberiana, an attempt having been made to correlate 
chemical composition of the wood, the evaluation of the pulps, the cliemical composition of the 
the pulps, and the nature of the fibres. The results of the work will be used as a foundation 
for the study of other species, and considerable modifications are contemplated to permit large 
numbers of trees to be studied. 

Work in connexion with the determination of furfural has been continued as time allowed. 
Also, following criticism of the methods used in the preparation of wood samples for analysis, a 
comprehensive sampling investigation has been commenced, and is now approaching completion. 

(ii) The Jfcthods of Wood and Pulp Analysis.-Early in the year, the final analytical work 
was completed in connexion with the revision of the methods for deterniination of the solubility 
of pulps and woods in hot water and hot 0 . 5  per cent. sodium hydroxide. Some further work 
was also carried out on the method of determining Cross and Revan cellulose. 

Little further work was carried out in connexion with the mannan determination. The 
method of Hagglund and Bratt (Pap.-Pahr. 34 : 100, 1936) was studied, and an attempt was 
made to simplify the procedure using a shorter hydrolysis time. However, the results were 
llnsatisfactory, and the detcrrninativn as applied to eucalyptus remains unreliable. 

The investigation of the pentosan determination is still proceeding. In earlier work, 
the precipitation of certain known breakdown products of glucose had been studied by means of 
both pl~loro-glricinol and thiobnrbituric acid. To this end, formaldehyde, formic acid, laevulinic 
acid, and hydroxymethyl furfural were investigated ; and further work this year has been confined 
to a careful study of the behaviour of pure furfural in relation to both of the above precipitants. 

(iii) The Sampling of Wcod for Analysis.-Work by Campbell and Bryant from the Section 
of Wood Chemistry, Forest Products Research Laboratory, Princes Itisborough, England, was 
kindly submitted in manuscript form to this Section for criticism prior to publication. It was 
not found possible to agree with the method of selecting a fraction to represent the whole of the 
wood sample, especially as earlier published work of the Division (Pamphlet No. 32, pp. 15-10) 
had indicated the difficulty of preparing duplicate samples using a fraction only of the wood. 
However, the work of Campbell and Bryant indicated that grinding a wood sample down to a 
size to pass a 100-mesh sieve causes serious degradation of cellulose and loss of pentosan in cellulose. 
Consequently, further work was undertaken to check the main points raised. 

(iv) The Weathering and Decay of Wood.-During the first quarter of the year, a long-dated 
investigation was undertaken in collaboration with the Section of Wood Preservation into the 
cause of the developnlent of " brittle heart " in eucalypts. To test the possibility of fungal 
attack as a cause of the formation of brittle heart, it was decided to investigate matched samples 



of the truewood of E. regnans. Four of these samples were first subjected to chemical analysis 
in order to determine the homogeneity or otherwise of the sections used for fungal attack. 
Caustic and hot water solubles, lignin, xylan, Cross and Bevan cellulose, and xylan in cellulose, 
were determined, and the results showed a general satisfactory agreement between the matched 
samples. After a long period of fungal attack under controlled conditions, corresponding samples 
will be tested for alterations in chemical properties. 

(v) The Porrnution of Plastics ,from Wood.-Early in the year a number of small moulds 
were obtained oil loan from Die Caster? Proprietary Limited, and from TJtilex Products Proprietary 
Limited. TVork was then extended to a systematic study of the production of shaped articles 
using an untreated jarrah sawdust. Some success was achieved in this direction, but in the 
more severe tests, involving the formation of thin vertical walls, satisfactory articles could 
not bc turned out. Attention was the11 turned to a search for a suitable pre-treatment or 
plasticizer to improve flow properties. It was found that " cellosolve " containing a little 
hydrochloric acid caused sufficient breakdown of the wood to permit considerable flow, but 
hardening was found to be slow and the surface of the article was poor. 

A small autoclave capable of working a t  pressures up to 160 Ib. per square inch has been 
obtained and will be used in carrying out non-acid hydrolyses along the lines suggested abroad. 
In addition, it is hoped to obtain a stainless steel bomb of acid-resisting properties which could 
be used in conjunction with the above autoclave for acid hydrolyses. 

It was found that the incorporation of 1 per cent. paraffin wax with coarse sawdust to be 
used in the production of wall board gave greatly improved water resistance. 

(vi) Pulp and Paper In?:estigations.-(a) Routine Studies.-The routine studies of the 
pulping properties of Australian timbers have been carried ahead during the past year. Two 
furtl~cr trecs of E. sieberia~zcc have been obtained, and tests have been carried out on a number 
of samples froin caclt. The results have helped in placing the investigation on a sounder basis ; 
and it is hoped to effect considerable improvement in the methods used when work is commenced 
on the first tree of E. yegnans. 

Throughout the year, all pulp and paper investigations have been carried out in 
co-operation with Australian Paper Manufacturers Limited, who have done all pulping and sheet 
evaluations. As a result of grants of money from the paper companies, i t  has become possible 
to order equipment to carry out the above work ; and it is planned gradually to take over the whole 
of these investiuations, and so obtain a co-ordination which is not possible between separate 
organizations. testing equipment, including British standard sheet-making equipment, Lampen 
mill, Canadian standard frccness tester, Mullen burst tester, Schooper tensile and elongation tester, 
and JIarx-Elmendorf tearing tester, has already been ordered, and it is hoped to have it placed 
in position and a controlled temperature and humidity room erected during the coming year. 
A small rotary digester (capacity, 4 lb. of pulp) will also be installed. 

(b) Chemical Studies in Relation to Pulp Strength Properties.-In connexion with the 
evaluation of pulps, a statistical investigation dealing with the strength data of sheets (burst, 
tear, tensile) was carried out. An experiment mas designed to determine whether the procedure 
in use could be readily modified to lend greater significance to evaluation data, and to determine 
the alterations that might be necessary. As a result of the investigation, a modified procedure 
for the evaluation was adopted. 

The results of the analyses carried out in three trees of E. sieberiana have proved throughout 
to be very diflicult to interpret and to correlate with the strengths to the pulps. It has become 
increasingly evident that the analytical work is inadequate, and is tending in the wrong direction. 
From a study of the analyses of the five pulps prepared a t  different caustic concentrations from the 
one sample, it is suggested that some correlation of the analytical work with the evaluation data 
would be obtained through either the alpha-cellulose or the viscosity determination. To that end, 
the alpha-cellulose determination is being carried out on the five pulps, and the results will give 
some indication of the possible value of including this determination as a routine procedure. 

The extraordinary variation in the chemical properties of these three trees from the one 
species leads to the immediate conclusion that to obtain any general knowledge of the pulping 
qualities of a species, it will be necessary to examine a very much greater number of trees. 

(c) The Constitution and Chemical and Physical Properties of Wood Pulp Fibres.-The 
fundamental study of the effect of hernicelluloses on the beating and strength properties of 
eucalyptus sulphate pulps has been slowly carried ahead throughout the year. Preliminary work 
was first clone on a pulp prepared from the composite outer sample of E. sieberiana. A quantity 
of this pulp was extracted with cold 6 per cent. sodium hydroxide and the wood gum was recovered 
from the extract. A series of one-hour beatings was then carried out on ( a )  the untreated pulp, 
( b )  pulp after extraction of wood gum, varying anlounts of wood gum being added in each case. 



The fibres from these one hour beatings were examined and the percentages of wood gum and 
xylan in some of the test sheets was determined. It was found that the addition of wood gum 
causes considerable increase in strength in each case, the optimum amount being 12 per cent. 

This work was then extended to include complete evaluations on samples of the same 
pulp. These were carried out on (a) untreated pulp, (b) pulp after extraction of wood gum, 
(c) pulp after the addition of 12 per cent. wood gum. The results indicate that the extraction of 
wood gum causes a very considerable loss in strength as compared with the original pulp, but this 
strength is almost entirely regained on the addition of 12 per cent. wood gum. The investigation 
is being rounded off by the fibre studies and chemical examination of the sheets. 

(vii) Jliscellaneous Projects.-Some preliminary work was carried out on the nature and 
treatment of efnuent from flax retting vats. other minor investigations included a study of 
the reason for the slipping of wrest pins in pianos, which was fount1 to be aRectcd by the wax 
present in the wood. Bleaching processes for willow and yellow walnut, the preparation of 
hardwood clothes-pegs which would prevent the staining caused by tannins, and the removal of 
a burnt odour from compressed cork sheets used in ice cliests, were also investigated. 

IX. FOOD PRESERVATION INVESTIGATIONS. 
1. General.-Reference was niade in the Annual Report for 1935-36 to the proposal to 

establish central laboratories in Sydney for the Section of Food Preservation. Owing to various 
unforeseen difficulties, the Sydney Metropolitan Meat Commissioner was unable to release the 
promised portion of an existing building until June, 1937. Preliminary building operations are 
now proceeding, and it is expected that the laboratories will be available for occupation toward 
the end of 1937. 

On account of the delay in the transfer to Sydney of the major food preservation 
investigations, the opportunity has been taken to carry out a number of more fundamental 
investigations into various aspects of the preparation, cooling, and storage of chilled beef. A 
great deal of attention, for instance, has been given to a more detailed study of the factors 
governing the nature and extent of the microbial contamination of beef on tilt slaughter floors. 
The extent of the initiiil contamination is, of course, one of the chief factors governing the " life " 
of chilled beef during st-orage. Although not yet conlpletccl, these studies have already thrown 
considerable light on the causes of the day-to-day and seasonal fluctuations in the nature and 
extent of contamination, and also of the differences in the mean level of contamination from 
locality to locality. It is hoped that these data may enable reasonably accurate preclictions to 
be made of the likely mean levels of contamination 'from rnontll to month a t  some, a t  least, of 
the main centres for preparation. 

The Council's participation in studies of transport diseases of bananas, carried out at  the 
Queensland Department of Agriculture and Stock, ceased in December last. A fairly complete 
study had been made of " black-end " disease. Further, a prornisinq method for the control of 
" squirter " disease which seems both practical and economic has been obtained. " Squirter " 
disease has been rather prevalent in fruit ripened in the Southern States during the winter and 
spring months, and a t  times has caused serious economic losses. When the co~ltrol measures 
are applied in conjunction with hygienic measures in the plantations and packing sheds in all 
cases where experience suggests that losses are likely to occur, it is to be expected that serious 
losses will be virtually eliminated. Thc Senior Plant Pathologist of the Queensland Department 
of Agriculture and St,ocl< and the Council's investigator have published an account of' these 
experiments (Queensland Ag.iic~ultura1 Jozwnnl 47 ; 642, 1 937.) 

From time to time, many complaints have been received concerning the quality of certain 
consignments of Australian eggs on arrival in Great Britain. In  the absence of precise data, no 
clear-cut scheme was forthcoming whereby the recurring defects could be remedied. To clarify 
the position, therefore, i t  was decided that the Council should be responsible for conducting a 
scientific survey in Great Britain in order to obtain a picture of the nature, extent, and relative 
economic importance of defects occurring in Australian eggs. With the valuable help from the 
British Food Investigation Board, the Commonwealth Department of Commerce, and various 
exporters, this survey was initiated in the export season of 1936-37. At the same time, an 
investigation committee of the Egg Producel-s' Council undertook to carry out a survey in 
Australia of the methods of production, treatment prior to packing, and methods of handling and 
storage in the packing establisl~mcnts and cold stores. 

Owing to the detailed nature of the investigations in Great Britain, and the limited staff 
available, it was not possible to complete the survey during the last export season. and 
arrangements are being made actively to continue it for a t  least another season. 



Early in 1937, certain studies of the performance of refrigerated cargo spaces on a modern 
ship carrying perishable foodstuffs from Australia to England were carried out by a survey party 
sent from England by the Departmerlt of Scientific and Industrial Research. Officers of the 
Council's Section of Food Preservation co-operated with the English inves'cig-ators in obtaining 
detailed pre-shipment data on two experimental consignments of chilled beef ; and they assisted 
also in the preparations for the tests on the carriage of apples without dunnage in lower holds 
having rapid, vertical air circulation. 

2. Chilled Beef Investigations.-(i) Studies of Initial Microbial Contamination. -Studies 
of the factors influencing the nature and extent of the initial microbial contamination of beef 
have been continued. Under the improved hyeienic teclliiique which now prevails on the lcilling 
floors of all meatworks engaged in the preparation of chilled beef for export, the results ii~dicate 
that practically the whole of the contanlination of such beef is derived from the hides of the 
animals. ~he'original infection of the hides is supplied by the surface soils in the areas in which 
the cattle are de-pastured. It bas been demonstrated that the microbial populatio~~s of these 
soils are influenced by seasonal and geograpllical latitude variatio!ls : the relative percentages 
of " low temperature " types generally increase during the winter months and with incrcaslng 
geographical latitude. A general relationship has been established between the nature of the 
contamination of beef ant1 that of the soils from the areas in which the cattle are de-pastured. 
Numerous deviations from this relationship llave occurred, howevcr, and these have been traced 
to differences between the micro-flora of the hides and that of the surface soils in the same areas. 
The microbial populations on the hides are considerably reduced by the introduction of a high- 
pressure cold water spray applied either before or after the stunning of the animals. The 
possibility of the use of hot instead of cold water during thc later stage has suggested itself. A 
study has, therefore, been made of resistance to elevated temperatures of the " low temperature " 
types of bacteria, yeasts, and moulds which are found on the liid~s. 

In connexion with investigations as to the possibilities of using some form of radiation to 
control the initial contamination on chilled beef, it was meiitioned in the last Annual Report that 
the successful laboratory results were not, a t  that time, capable of completely satisfactory transfer 
to slaughter floor practice. Work, then projected, to find the reason for this, lias been carried 
out, and the apparent cause of the discrepancy between results obtained iiz laboratory and 
commercial practice discovered. The application in industrial practice, while quite feasible, 
would not a t  the moment confer as great an extension of safe storage time as the laboratory findings 
suggested. Full accounts of these studies are now being prepared for publication. 

(ii) Cooling of Sides of Beef.-In the last Annual Report i t  was stated that, for purposes 
of study, the cooling of sides to the temperature of storage (30" P. approximately) could be 
conveniently divided into two phases, the first covering the initial 24 hours (approximately) 
and the second subsequent 48 to 72 hours. Further studies have confirmed the findings as to the 
optimum physical conditions to be maintained during the second phase. In  regard to the first, 
phase, however, the special experimental facilities required for detailed studies have seldom been 
available, and it is still impossible to correlate the biological with the physical data. Sufficient 
data have been obtained, however, to inclicate that the maia factors controlling the changes in 
the microbial population during the first phase are the rate and extent of clesincstion of the surface 
tissues. In order to isolate these factors from the variable of decreasing surface temperatures, 
a series of simple experiments have been carried out wherein the surface temperatures of uiiiform 
slabs of ox muscle inoculated with a " standard " culture of bacteria have been maintained a t  
constant values from 13' to 42" P. in excess of the surrounding air temperature (also maintained 
constant). The level of the microbial populations has been determined a t  regular intervals over 
a period of 24 hours. Although not complete, these res~~l t s  afford good evidence that the levels 
of the populations are governed by the rate and extent of surface desiccation of the muscle. 

(iii) Studies of Microbial G~owth on Ox Muscle.-In the last Annual Report, an account 
was given of the experiments on the relationship between the moisture content of ox muscle and 
the rate of microbial growth in air a t  30.2" F. Full deta3s and results have been published (in 
the Council's Jounzal, 9 : 177, 1936). These studies have been continued a t  various temperatures 
up to 68" F. and the results will shortly be published. 

Similar studies are being carried out a t  a temperature of 30.2" F., where the atmosphere 
surrounding the muscle substrate contains 10 per cent. carbon dioxide. These conltions 
approximate to those obtaining in ships' cargo spaces carrying chilled beef from Australia to 
Great Britain. The results would seem to indicate that, for each species of each microbial genus 
so far tested, the " critical " moisture contents of the muscle, below which growth cannot occur, 
tend generally to be higher in the case of muscle in air containing 10 per cent. carbon dioxide than 
in pure air. 



These studies have, of course, been carried out on thin slices of ox muscle, the water content 
of which was in eq~~ilibrium with the aqueous vapour tension of its storage atmosphere. In order 
to test the applicability of the results to microbial growth on quarters of beef, storage experiments 
on beef quarters have been carried out a t  30" F. both in air and in air containing 10 per cent. carbon 
dioxide. In  each experiment, the rates of growth on inoculated exposed ~liuscles of the quarters 
were similar to those on thin slices having moisture co~tents  similar to those of the surface layers 
of exposed muscle of the quarters. 

(iv) Heat Sterilization of Beg-wrapping J1ateriaZ.s.-These studies, referred to in the last 
Annual Report, have been completed, and an account of the results of the laboratory experiments 
and the commerical scale tests has been published in the Council's Journal (10 : 57, 1937). The 
temperature-time relationships to effect complete " kills " of mould spores in the dry wrapping 
materials are rather complex. Tlie wrapping rriaterial ~tlust be raised to a temperature in excess 
of 122' F., and the necessary minimum duration of such exposure is, of course, lower the higher 
the temperature. For instance, at 149' F. and 140" P., exposures of one and two hours respectively 
are required, while for material rising gradually from 125" to 137" F. a period of exposure of about 
twelve hours is necessary. Rigid standards for conimercial practice cannot be outlined for the 
operation of'sterilizing rooms kept a t  the maximum safe air temperature of 190" F. These will 
depend, among other things, on the layout of the room and its heating equipment, and the size 
and disposition of the stacks. In  general, however, i t  would appear that when wraps, initially 
cold, are introduced into a room, the air temperature of which remains constant a t  190' F. for 
44 hours thereafter, the size of each stack should not exceed about 15 cubic feet, and an ample 
free air space should surround each stack. - 

(v) Studies on Loss of Bloom.-Further work as to the relationship between blood pigments 
and fat in the production of the grey fat which frequently appears on chilled beef during storage, 
has confirmed the findings of previous studies mentioned in the last Annual Report. 

A storage experiment, designed to afford information upon which further work of a more 
exacting and quantitative nature miglit be based, was carried out on meat stored both in air and 
in air containing 10 per cent. carbon dioxide. Exact observations were made of surface moisture 
content and pH, together with careful qualitative observations on colour and general appearance. 
While the objective of the experiment was achieved, the data obtained would not, of course, 
warrant the drawing of any conclusions a t  the present juncture. 

The Council has availed itself of the invitation of the Queensland Meat Industry Board 
to co-operate in connexion with several experiments which the Board is carrying out, chiefly 
concerning the pre-slaughter conditions and treatment of stock intended for export as chilled 
beef. While the Board is especially desirous of obtaining the response of the market to these 
varied factors, i t  is hoped to supplement the information obtained by the Board by observations, 
both in Australia, and in Englancl, as to loss of bloonl during transport. 

Instrumental equipment, the delivery of which is expected very shortly, will allow intensive 
quantitative post-mortem invcstig~ tions to commence. These have as their aim the establishment, 
if possible, of a correlation between several of the fundamental changes ocdurring in the meat itself 
with the appearance of surface and sub-surface features collectively called " bloom ". Fur- 
ther studies will be made as to the dependence of these conditions on varying pre- and post- 
slaughter factors. 

3. Banana Investigations.-(i) " Black-end " and " Squirter " Diseases (at the Queenslavzd 
Department of Agriczdture and StocX).-Detailed tests of dipping treatments for the control of 
squirter disease showed that many fungicides failed to give adequate control, or, when used in 
effective concentr.atioiis, resulted in severe injury to the fruit. It was found, however, that the 
proprietary fungicide, Shirlan A.G ., when usrd as a 1 per cent. suspension, gave complete control 
of the disease in dipped single fruits (fingers), and did not cause any appreciable deterioration in 
appearance. For fruit dipped in the form of part hands and then broken into singles, the control, 
while good, was not as corllplete as that obtained with the direct dipping of singles. Since the 
great majority of cased bananas are packed as singles, dipping of the fruit on the plantation as 
soon as possible after they are removed from thc bunch should prove an effective method for the 
complete control of squirter ; it need, of course, be applied only on fruit from plantations where 
previous experience suggests that squirter is likely to occur to an extent which is of commercial 
importance. It is worthy of note that this treatment also reduces black-end, particularly that 
due to Nigrospora. 

The detailed studies of black-end disease caused chiefly through attack by Gloeosporiurn 
rnzlsarum have been completed, and the results will shortly be published. 

An interesting result has been forthcoming from a study of stem-end rot caused by 
Thielaviopsis paradoxa. This organism is a well-known parasite of a number of agricultural 
crops, including pineapples and sugar-cane. It had been suggested, therefore, that bananas might 



become infected from diseased pineapples and sugar-cane. More detailed investigations have 
now showll, however, that this is ~lnlikely to occur, since a study of the strains of T .  paradoxa 
from bananas, pineapples, and sugar-cane clearly shosvs that, in Australia, the banana strain 
constitutes a distinct variety, and the sugar-cane, and pineapple strains have a very restricted 
pathogenicity when inoculated into bananas. 

. ,  (ii) " Rubbery " Bananas (at the Biochemistry Department, University of Melbourne).- 
In co-operation with the New South Wales Departnzent of Agriculture, investigations on the 
nature and causes of the " rubbery " condition frequently occurring in Cavendish bananas 
have been continued but have not yet been conlpleted. 

4. Citrus B~eservatio;lz Irz.t'estigations.-(i) General.-Extensive programmes of investigation 
of the handling and storage of Karel and Valencia oranges, Emperor mandarins, and grapefruit, 
have again been carried out by the Council and the Departments of Agriculture of New South 
Wales, Victoria, and South Australia working in close co-operation through the Citrus Preservation 
Technical Committee. Only those experiments carried out directly by the Council are described 
below. 

(ii) General Storage E~periments.-These experiments have been carried out a t  Ncwcastle 
and Griffith (New South Wales,) Melbourne, and Adelaide. While some striking results have been 
obtained over a period of two seasons concerning the f~~ndamental importance in storage life of 
maturity a t  picking arid temperature of storage, it is still considered necessary to contlnue the 
detailed experiments for a further period before reliable recommendations as to storage practice 
can be given. 

It appears definite, however, that in Gosford (New South Wales coastal) Washington 
Navel oranges are abnormal in their behaviour, in that they do not conform with the optimal 
conditions found for fruit from other districts. Owing to its susceptibility to fungal attack and 
to rind lesions, further attention to the influence of pre-stora,ge factors in the storage life of Gosford 
fruit would appear to be warranted in future experimental work. 

(iii) Classijcation of Wastage.-The British Food Investigation Board and the Citrus 
Preservation Technical Committee have mutually agreed to the following classification of non- 
parasitic disorders in stored citrus fruits :- 

1. Storage Spot- 
(a) Button Lesions. 
( h )  Lateral Lesions. 

2. Scald 
3. Gooseflesh. 
4. Plavocellosis. 
5. Glazed Scab. 

Both Valencia oranges and Washington Navels are susceptible to non-parasitic disorders 
which are apparently attrilmtable directly to reduction of temperature in store. Susceptibility 
is greatest in early picked fruit and decreases with increasing maturity. Non-parasitic rind 
disor-ciers appear generally to constitute the main hindrance to successful export of Valencias, 
witll the possible exclusion of those from Gosford ; and the problem, therefore, consists in an 
investigation of critical storage temperatures for " storage spot " production a t  different stages 
in the maturity of the fruit. 

In addition to non-parasitic rind disorders, Washington Navels are, unfortunately, also 
susceptible to a number of rots, the chief of which are :-(i) green mould (Penicilliurn digitaturn), 
(ii) blue mould (PenicilLium italicurn), jiii) stem-end rot (Phomopsis and Diplodia spp.), and 
(iv) sep toria rot (A'eptoria depressa). 

On the home market, fruit from districts other than Gosford is comparatively free from 
rotting in normal circumstances, and the same may be said of experimental fruit held in land - 
store. On the other hand, a period of abnormally wet weather will prddispose fruit with excellent 
keeping quality to rots, and the effect is accentuated when rain is accompanied or followed by 
heavy winds. In Australia blue mould (Pencillitcm italicurn) is co~nparativel~ unimportant, 
rotting more usually bciiig due to green mould (P. digitaturn). Stem-end rot (Pl~ornopsis citri) 
is responsible for an appreciable amount of wastage in stored fruit from the New South Wales 
coast. In commercial shipments to the United Kingdom, rotting commonly occurs in navel 
oia~iges flora all districts in Australia, though not to an equal extent. 

Citrus wastage due to rotting is not directly attributable to cool storage, since the bulk 
of the infection occurs in the field. hTeitlhcr is i t  possible to control i t  by refrigeration alone, 
for the reason that temperatures to be effective in this regard must be reduced to such a point 
that non-parasitic disorders become inevitable. It is necessary, therefore, either to elirniiiate 
infection or to render i t  innocuous during the pre-storage period. This can be done, in theory, 



by reducing the amount of inoc~xlum a t  certain critical points in the chain of handling and storage, 
by avoiding injury to the fruit, and by the use of so-called " sterilizing " solutions. A considerable 
amount of time has been devoted to these aspects of citrus preservation. 

(iv) Citrus Packing House Investigations.-(a) Wounding-Detection, Efects, and 
Prevention.-In a report on Australian citrus packing houses recently issued by the Committee, 
it was stated that cornmercial handling and general hygiene are, in general, given very little 
attention, and that apparently their importance as factors in citrus wastage is not appreciated. 
It was noticed that fruit was frequently wounded during picking and in transport to the shed, 
and again during processing and packing within the shed itself. It was decided to determine 
quantitatively the extent of wounding ; this was done by the use of tannin and ferric chloride 
solutions which deposit ferric tarmate within the wound and thus render i t  conspicuous. The 
result of this invest'igation showed that only 4 per cent. of coastal fruit tested escaped rind 
abrasions, and that r !I per cent. of the wounding occurred during picking, 34 per cent. during 
transport in field boxes, and the remaining 43 per cent. occurred in the packing shed. Fifty 
per cent. of the wounds were of the rub type resulting from friction, a type that permits of rapid 
infection, since the external walls of the oil glands are removed and penetration by mould organisms 
via the oil glands is much more readily accomplished than through inter-gland tissue. In a 
subsequent experiment, the use of wood wool in field boxes reduced ~vounding during picking and 
transport by some 40 per cent. ; while elimination of prominent points of injury in th6 shed plant 
was responsible for a further reduction of 33 per cent., showing in all a total decrease of 73 per 
cent. in the number of fruits wounded. 

The method of wound detection by ferric chloride was found to be time-consuming and 
exacting, and more recently a very satisfactory method was evolv2d. This consists in absorbing 
into the wound certain dyes such as Auramine (I.C.I.) which cause the wound to fluoresce brightly 
when irradiated with ultra-violet light. 

In addition to its effect on mould wastage, wounding is thought to accelerate loss of 
moisture from the fruit, thereby inducing wilting and general loss of condition. A recent 
experiment to test this theory was conducted co-operatively with Mr. E. G. Hall (New South 
Wales Department of Agriculture) using fruit intentionally wo~inded, control fruit, and fruit 
waxed a t  the cut stem to retard possible moisture loss. Included in this experinlent was a further 
batch of oranges treated with borax, since it has been previously noted that borax treated fruits 
show a marked tendency to wilt earlier than non-treated. Illoreover, it is well known that the 
practice of dipping apples in acid solutions for the removal of spray residue is responsible for 
wilting. The results showed that borax treatment significantly increased moisture loss as compared 
with all other treatments, tllat increase in moisture loss due to wounding was probably significant, 
and that retardation of loss by paraffining the cut stem was also probably significant. 

Early in 1937, a large-scale experiment with Valencia oranges was undertaken in 
co-operation with the New South Wales Department of Agriculture to determine the etficacy of 
waxing on moisture loss and maintenance of condition. Pour treatments included wax, borax, 
borax and wax, and control ; and fruit was stored a t  40" P. and at  50" P. For this and subsequent 
experimental work, the waxing plant a t  the packing shed of Niagara Park Growers Limited, 
New South Wales, was modified to conform as nearly as possible with Californian (United States 
of America) equipment capable of applying wax by the hot fog method. Post-storage examination 
demonstrated the superiority of waxed fruit, and it was evident that boraxed fruit was more 
wilted than that of any other treatment. 

(b) Shed Hygiene and Mouldicidal Experiments.-In the majority of Australian 
citrus houses, no effort ip made to ensure freedom from atmospheric contamination; 
and exposure of agar plates have shown that the amount of infective material in the atmosphere 

. is very high indeed. On a number of occasions, processing experiments have been carried out 
to gain data on the efficiency of various materials in solution as mouldicidal agents. Up to the 
present, borax treatment has invariably given excellent results and almost complete control of 
mould wastage even when fruit has been inoculated with spores of P. digitaturn prior to treatment. 
None of the other materials used are comparable with borax in the degree of control exerted. 
It was shown, however, that borax does not possess any rc~idual effect, and that re-contamination 
of the fruit after treatment will result in wastage. 

In  consequence of favorable reports received from California, United States of America, 
regarding the mouldicidal properties of nitrogen trichloride gas, wounded, inoculated, and 
unwounded Washington Navels from Gosford were intermittently fumigated over a period of 
seven weeks a t  7o0F. A control lot of fruit was held without gas treatment for a similar period. 
On examination it was found that nitrogen trichloride reduced the amount of wastage in wounded 
fruits by 76.2 per cent. and in control fruits by 58.5 per cent. No control whatever was exerted 
in the case of inoculated fruits, which were found to be completely wasty afi;er six days in store. 



The use of nitrogen trichloride for immediate gassing of fruit on its reception a t  the packing shed 
should prove of benefit to the fruit gassed, and indirectly beneficial since it is apparently an 
excellent fumigant for general shed disiizfection purposes. Unfortunately, nitrogen trichloride 
is a dangerous explosive, and tllough apparatus is available in the United States of America for 
its safe application, it has been ascertained that there is no possibility of releasing it commercially 
in Australia in the immediate future. 

Throughout the course of citrus preservation work, i t  has been patent, t'hat fruit from the 
Gosford coastal area shows much higher mould wastag than that from the inland areas. It was 
originally thought that these differences were due entirely to difference in resistance inherent in 
the fruit. It was, therefore, decided to test this possibility by direct inoculation of fruit from 
Griffith and Gosford using average daily increase of the surface a,rea of the lesion as a measure of 
resistance. This method is a modification of that used by Rees Davies (Low Temperature Research 
I,aboratory, Capetown, South Africa) who determined the margin of the lesions by pressure. It 
was found, however, that this could be done with greater accuracy and without damage to the 
fruit by visual examination under ultra-violet light. For the preliminary experiment small 
numbers of Valencia oranges were used, and differences between Griffith and Gosford were probably 
not statistically significant. In conjunction with the New South Wales Department of Agriculture, 
this work has now been repeated on a larger scale with Washington Navels, and the results tend 
to confirm those previously obtained. It would appear that the greater amount of mould wastage 
experienccd in Gosford fruit is not due to any inherent factor, but rather that greater opportunity 
for infection occurs in the coastal districts. 

(c) Colouring Citrus Fruits (in co-operation with the New South Wales Department of 
Agriculture).-This process is favoured commercially for the marketing of early Washington Navels 
and re-greened late Valencia oranges ; but in New South Wales it has been, and still is, conducted 
in a very haphazard manner in many centres. It should be possible with correct conditions of 
humidity, temperature, ethylene, and carbon dioxide concentration, to colour the fruit in from 
two and a half to four days, yet in a nurnber of instances some six to eight days are required 
for the process. Long colouring periods are to be deprecated if marketing is delayed, because 
of the rapid propagation and extension of mould throughout the stack. It was consequently 
decided to institute inquiries into the methods practised. These revealed that of the seven 
rooms examined, only two were constructled and operahed in such a manner as to permit the 
maintenance of constant conditions. 

(v) Storage of Citrus Fruit (at M~lbourne, in conjunction with Victorian Department of 
Agriculture).-(a) Wasizington Navel Oranges.-The effects of maturity a t  the time of picking, 
storage temperature, and various pre-storage treatments on the duration of life, have again been 
investigated with Washington Navel oranges from various localities in New South Wales, Victoria, 
and South Australia. The various determinations have included measurements of respiratory 
activity, juice and acid content, palatability, and colour. The optimum storage temperature 
is dependent on the maturity of the fruit a t  the time of picking, the locality from which the fruit 
has been gathered, and the conditions to which the fruit has been subjected between the time of 
picking and placing in store. Mid-May appeaxs to be the earliest satisfactory picking time for 
fruit from most of the districts, the duration of life of this maturity being about twelve weeks a t  
45" P. Delaying the picking time usually reduces the sltbsequent duration of life by approximately 
the additional length of time the fruit has been allowed to remain on the tree. 

Certain pre-storage sweating treatments have been effective in controlling subsequent 
rind defects a t  40' P., but equally good results have been obtained by immediate storage at  45' F. 
The durat'ion of life appeared to be influenced to some extent by the type of stock on which the 
fruit has been grown. 

In  the Victorian and South Australian fruit, life was terminated by loss of palatability : 
and mould wastage was only of importance after this stage. In the Gosford (New South Wales) 
fruit, mould wastage occurred prior to the loss of palatability. 

The rate of respiration of Navel oranges is increased four times by a rise of temperature 
of 10" C, the corresponding value for Valencia late oranges being 2.4. An increase in temperature, 
therefore, should reduce the duration of life of Navel oranges much more than that of the Valencia 
late oranges. 

Navel oranges picked towards the end of July have Inore flavour a t  picking time than 
those picked previously. For oranges subjected to a period of storage of six to eight weeks a t  
45" F., however, those picked early in June develop the best flavour by the end of the storage 
period. Early-picked fruit generally irnproves in flavour during storage, while later-picked 
fruit tends rapidly to lose its flavour. As a higher acidity can be tolerated in oranges with a good 



flavour, it is suggested that a higher acidity might be allowed in earlier than in later shipments. 
The rate of loss of acid in store is about 2 .5  per cent. per week, and is independent of temperature 
within the range 40" to 50" F. 

Gas storage has not been found applicable to this variety of oranges as deterioration in 
flavour has occurred. The p;.esence of amounts of carbon dioxide above 10 per cent. in the 
storage atmosphere results in a rapid increase in the alcoholic content of the juice. 

(b) Valencia Oranges.-The results with Valencia late oranges have indicated that 
considerable wastage is caused through faulty methods of picking and handling prior to storage. 
It would seem that much more attention should be given in the future to this very important 
aspect of the citrus industry, and that some experiments should be conducted to demonstrate 
in a practical way the advantages to be gained by careful attention to pre-storage methods of 
handling and treatment. 

Valencia late oranges stored a t  40" F., appear to be susceptible to storage spot in the pre- 
climacteric stage and for about three weeks after the clirnactcric. Control may be effected by 
first storing the fruit for about three weelis a t  50" 8'. prior to storage at 40" l?., or by delaying the 
picking time. 

(c) Grapefruit.-Experiments on grapefruit are being carried out, but insufficient progress 
has been made as yet to justify any conclusions being drawn. 

( d )  Common Oranges.-The duration of life obtained with common oranges from Gosford 
(New South \Vales) has been relatively short compared with that of the Washington Navel orange. 
The various varieties of common oranges used as experimental material for the past two years 
have been very susce1)tible to storage spot. 

5. Non-tropical Fruit Investigtztions (Afelbourne).-Experiinerlts have been conducted a t  
the Government Cool Stores, Melbourne, in conjunction wit11 officers of the Victorian Department 
of Agriculture, on apples, pears, peaches, plums, nectarines, grapes, passion fruit, and citrus fruits. 

(i) ,4pples.-Attention has been directed during the last few years towards a study of the 
factors responsible for the development of soft scald, brea,ltdown, and Jonathan spot in Victorian 
Jonathan apples. The fruit has been selected from one orchartl in Iteci Hill, as fruit from this 
district has been susceptible in each year in which i t  has been stored. Previous experiments had 
indicated that these physiological disorders were usually spasmodic in their incidence from year 
to year. The many different factors which i t  was thought might be associated with these 
disorders were investigated, and i t  was found that the maturity of the fruit a t  the time of picking 
and the conditions wllich prevail (a) between time of gathering. arid placing in store, and ( h )  in 
store, are the factors of greatest importance. It should be possible after this year's experiments 
t o  indicate fairly precisely the method of control. 

Investigations on (a) the effect of varions pre-storage and wrapping treatments on the 
development of superficial scald in Granny Smith apples, and (b) the difference in storage behaviour 
a t  various tcnl1)cratnrcs hctween pre-cooled and non-pre-coolcd Jonathan apples are now in 
progress. 

Experiments on gas storage have shown that the Jonathan apple is fairly susceptible to 
injury from an atmosphere containing more than 5 per cent. carbon dioxide. There are 
indications, however, that Jonathan spot may be controlled by the use of atmospheres containing 
low concentrations of carbon dioxide. This work is being continued with gas mixtures containing 
5 per cent. carbon dioxide, and various roncciilml~ions of oxygen other than those obtained by 
reduced ventil' 'i t' ion. 

(ii) Pears.-The effects of maturity a t  time of picliing, locality, and temperature of storage 
on the duration of life and the various conditions essential for the normal ripening of William, 
Row-ell, Bosc, Packham, Josephine, Winter Cole, and Winter Nelis pears have been invcstigated. 
Of the various dcterrnil~ations which have been made a t  picking time and during storage, colour, ' 

and perhaps pressure, are of greatest practical value as standards for export in determining the 
latest time fruit may be left in store and still marketed in sound condition after removal. 
Attention has also been given this year to the commercial ripening of William pears after arrival 
in England, and to experiiuental shipments of other varieties of pears. Experimental shipments 
of Willian~ pears over a pcriod of three years, carried out in conjunction with officers of the Low 
Temperature Research Station, Cambridge, have shown that the William pear can be exported 
successfully provided certain condlit,ions are observed prior to shipment and that the fruit is 
carried in holds in which temperature conditions are uniform in time and space. 

Experiments on the gas storage of William pears have previously given uncertain results ; 
but in the present season the storage life is being definitely increased by the method of reduced 
ventilation. The optimum concentration of carbon dioxide has still to be determined. 
Experiments are still in progress on the gas storage of other varieties ; but information has been 
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obtained concerning the incidence of brown heart under conditions of reduced ventilation in four 
varieties of pears during an export period of eight weeks. Severe brown heart has been obtained 
after eight weelts' storage only in concentrations of carbon dioxide greater than 10 per cent. 
Traces of brown heart have been foulid after storage in lower concentratio~ls of carbon dioxide ; 
but the commercial importance of this requires further investigation on a larger scale. 

(iii) Peach~s.-lt is necessary that peaches should be picked in a fairly well-coloured but 
firm condition to develop satisfactory quality after ripening. When stored in air under the 
most favorable conditions at  32" F., the early-maturing varieties have not kept longer than five 
to six weeks, which makes overseas export impracticable. A slightly longer duration of life has 
been obtained with the later-maturing varieties, e.g., Crawford and Catherine Anne. A small 
consignment of the former variety was sent overseas this year by the Victorian Department of 
Agriculture, and its out-turn was fairly satisfactory. 

Such shipments, however, would always be attended by a certain amount of risk which 
could he avoided by the use of gas storage which has increased the duration of life of peaches by 
50 per cent. The most suitable atmosphere has been obtained by rcduced ventilation, and 
contains 8 to 10 per cent. of carbon dioxide. When reduced ventilation is used, there is a 
corresponding reduction in tLe coricei~tration of oxygen ; but this is possibly of less importance 
in increasirrg the storage life than the amount of carbon dioxide present. The later-maturing 
varieties have given the best results, and they can be ripened a t  lower temperatures and develop 
better quality on ripening. The problem of losses due to brown rot is, however, serious ; and 
coinniercial shipments can scarcely be justified until some measures for the control of this disorder 
are forthcoming. 

(iv) Plums.--Plums may be picked in an immature condition and will ripen to poor or 
moderatc quality a t  ternpcratures which prevail a t  the time of arrival of this fruit in England. 
Good quality can only be developed by leaving the fruit longer on the tree. It is necessary, 
however, to pick plums in an irnnlature condition for overseas export, as the duration of life a t  
32' P. of immature fruit does not exceed eight ~veeks (about the rni~iimum required for safe export), 
while that of lllature fruit is considerably shorter. Of the varieties tested, those suitable for 
export are the European varieties Grand Duke, Coe's Golden Drop, and Jefferson. The 
duration of life of Japanese varieties, however, is relatively short at  32" I?., and better results have 
been obtained with storage a t  45" F. Further investigations are essential, however, before this 
temperature could be recommended. 

No advantage has been gained by the use of atmospheres containing various percentages 
of carbon dioxide at  temperatures ranging from 32" P. to 45" F. ; and, with most varieties, there 
has been definite injury to the fruit. 

(v) Nectarina.-Experi~nents with nectarines have indicated that this fruit will develop 
satisfactory quality after ripening if picked in a fully coloured but fin?? condition. Tlle duration 
of life at  32" F. is about eight weeks, which makes overseas export a possibility, provided there is 
no undue delay between the time of piclting and shipment. 

(vi) Grapes.--Small-scale trials extending over several seasons have shown that certain 
varieties of grapes will relain their flavour and he free from mould attack for a period of a t  least 
eight weeks a t  32" F., 'provided they are carefully handled prior to storage. A semi-co~nmorcial 
scale experiment consignment of Gordo, TTTaltliam Cross, Prlrple Cornichon, Red Prince, and Red 
Malaga varieties was picked and packed by officers of the Victorian ljepartment of Agriculture 
in (a) sulphite paper, (b) granulated cork, and stored in the experiniental chambers a t  32" P. 
After eight weeks' cold storage and one week subsequently a t  atmospheric temperatures, all 
varieties were in sound condition ; but, after a longer cold storage period; the fruit packed in cork 
was in much better condition than that wrapped in paper. The use of moderate concentrations 
of carbon dioxide in the storage atmospheres of grapes has no injurious effects but has not 
increased the duration of life. 

(vii) Passion Fruit.-Experiments conducted with fruit from Victoria and New South 
Wales during the past few seasons have indicated that the optimum storage temperature lies in 
the range 45 to 5.0" 3'. ; but, even in this range, the storage life is seldom longer than four weeks, 
the fruit being very susceptible to shrivelliGg and non-parasitic breakdown of the rind. The 
best keeping fruit is rather immature and acidic a t  picking time : i t  becomes sweet, howevcr, 
during storage. The storage life has been increased by storage in atmospheres containing low 
percentages of carbon dioxide and also by waxing the rind. It 1s possible, thsrefore, that further 
detailed investigations may reveal a technique through which the export of passion fruit from the 
Eastern States to European n~arlrets may be feasible cornmcrcially, and, to this end, detailed 
experiments are being planned. 

6. Overseas Transport Ipzvestigations.-(i) General.-This work has again been carried 
out chiefly through close collaboration with the British Food Investigation Board and the 
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Commonwealth Department of Commerce. The liaison officer in London of the Council's Section 
of Food Preservation has been responsible for supervising and carrying out much of this work in 
England, and considerable help and advice mas also given by the Council's adviser in food 
preservation investigations (Dr. W. J. Young) on the occasion of a private visit to England. 1 

(ii) Survey of Flesh Temperatures of Fruit on Arrival in England.-The range of flesh 
temperatures a t  discharge of fruit a t  a large number of positions in ships' cargo spaces probably 
gives a good indication of the efficiency of the spaces in respect to uniformity of temperature 
once the so-called steady state has been reached. With the co-operation of the several shipowners: 
this survey of the flesh temperatures in cargoes of various kinds of fruit is being carried out by 
the liaison oficer. 

(iii) Survey of the Out-turn in England of Australian Eggs.-In order to obtain more precise 
data relating to the nature and extent of deterioration, a survey in England of Australian eggs 
has been commenced. In the first season's work, eleven experimental consignnlents of known 
history were forwarded from three States for careful examination and report, and a number of 
cases from comn~ercial sliipmelits were also examined. Owing to the limited staff available 
and the time-consuming nature of the examinations, the number of examinations could not be 
very large, and it would be unsafe to outline definite coi~clusio~is until the work has covered a t  
least another seaqon7s exports. 

(iv) Chilled Reef.-Work on experimental consignments of chilled beef ha8 been directed 
mainly towards the improvement of "bloom," and, to this end, teds have been made to determine1 
the extent to which the moisture content of the surface tissues of the meat can be controlled. 

(v) Ilizperirnental Shipments of Fruit.-As indicated in the preceding sections, a number of 
experimental consignments of oranges, pears, peaches and plums have been forwarded to England 
in order primarily to determine the nature and extent of wastage under commercial conditions, 
and to compare tliese results with those obtained in land storage experiments in Australia. The 
new Covent Garden (London) Laboratory of the British Food Investigation Board was recently 
opened ; and the work of examination of experimental fruit from Australia will be greatly helped 
by the generous grant by the Board of facilities, as required, in this cfinveniently 'situated1 
laboratory, and by the collaboration of its staff with the Council's liaison officer. 

X. FISHERIES INVESTIGATIONS. 
1. General.-Since his arrival in Australia, Dr. Thompson. the Officer-in-charge of the 

Fisheries Section, has been engaged in a general survey of the problems requiring investigation, 
in determining the most suitable location for a fisheries research station, and in drawing up a 
programme of work. This includee- 

(1) The exploration of fisliing'grounds- especially those where pelagic fish (swimming in 
the upper water layers) abound. Dcnlersal (bottom-dwelling) fish, shellfish, 
and other marine resources will also be investigated. For these purposes of 
exploration, a specially designed research vessel of the Californian purse-seine 
type is under construction. 

(2) The determination of the chemical composition of the more abundant species of 
fish, together with the Vitamin A and D content of their liver oils, with a view 
to evaluating their comlnercial possibilities when reduced to fish meal and oil. 

(3) Tests of methods of curing and preserving the most important species by pickling, 
smoking, canning, or sharp-freezing. Pending the establishment of laboratory 
facilities this work has been postponed. 

(4) Marine biological and hydrological investigations, including systematic and racial 
studies of the principal fishes, together with their distribution, seasonal 
migrations, life histories, and fluctuations in quantity. The intensive 
prosecution of this work also awaits the provision of the requisite facilities. 

During his journey to this country, the Officer-in-charge made a special tour of the North 
American fisheries and oceanographic laboratories, including laboratories of the United States 
Bureau of Fisheries, laboratories of the Californian State Pisheri~s, the International Fisheries 
Commission's laboratory a t  Seattle, the laboratory of the Biological Board of Canada, Namaimo, 
British Columbia, and the Fisheries Experimental Station, Halifax, Nova Scotia. Visits were also 
paid tovarious fish hatcheries and works for the conservation of fresh-water fish. While in America, 
Dr. Thompson was also able to make contact with Captain Plett, the recently-appointed master 
of the Council's fisheries investigation vessel, who had been sent overseas to nlslie an intensive 
study of the American Pacific Coast fisheries. 

Captain Plett has had seventeen years fishing experience in England, Scotland, New Zealand, 
and Australia, and has a knowledge of the various fishery methods adopted in these countries. 
While on the Pacific Coast he accompanied the various types of fishing vessels out to sea on their 



fishing voyages, and studied the correlated processes ashore. In  conriexion with the latter, 
frequent visits were made to canneries, fish-reduction plants, ship-building yards, and net-making 
establishments. Two special nets were secured for the preliminary stages of the work of the 
Australian research vessel. In  addition, a study was also made of the conditions under which 
all branches of labour are organized, and also of the methods of finance adopted for securing 
ships and outfits, as well as for partitioning the proceeds of voyages into shares. Captain Plett 
found a marked tendency toward the building of larger and more powerful vessels, especially for 
long-distance tuna fishing. 

As was mentioned in the last Annual Report, steps are being taken to build up a properly 
trained staff for fisheries work. An Australian graduate, with suitable qualifications, is a t  present 
undergoing training abroad in the scientific aspects of fish preservation and will retur~i to take up 
his duties in this country next March. A second graduate, with some previous experience in 
marine biology, is proceeding abroad immediately to visit European and American marine 
laboratories, where he will give particular attention to the tuna group of fishes. These visits 
are being financed from the Science and Industry Endowment Fund. 

In order to initiate a critical study of the relative efficiency of existing methods of handling 
and processing fish in Australia, and to indicate the directions in which improvement could be 
made, the Council is appointing an experienced bacteriologist, who will commence work almost 
immediately. Temporary arrangements have been made to have this work conducted in the 
laboratories of the University of Melbourne. 

It is anticipated that the Section will be called upon to supply information on many aspects 
of fisheries problems ; and with this in view, a records department has been instituted. This 
will enable the results of research, both overseas and Australian, to be made readily available. 

2. Investigaiio~z Vessel.-The investigation vessel now under construction a t  Williamstown 
Dockyard, Melbourne, is of the purse-seine type used on the Californian coast. The overall 
length of the vessel will be 82 feet, with a moulded breadth of 19 feet and a displacement tonilage 
of 132 tons. A 215 horse-power Atlas Polar diesel engine is to be installed, with a 28 horse-powel 
Kustoii Hornsby diesel engine to provide auxiliary power. Owing to delay in delivery of 
certain steel material and machinery, constructio~ial work by the 'contractors has been retarded. 
The vessel will, however, be placed in commission shortly before the end of 1937. 

The ship will be equipped for automatic depth-sounding ; and a full range of gear for the 
making of hydrographic (sea currents) and plankton (e.g.? fish eggs anti fry) investigaidons will 
be carried. In the small deck-laboratory there will also he installed a refrigerating cabmet capable 
of maintaining small quantities of fish and other material a t  minus 5" P., pending their transference 
to a similar cabinet ashore, and their subsequent use for various processing tests or analyses. 

A crew for the vessel will be selected from Australians possessed of suitable fishing 
experience, and they will be trained in the use of the unfamiliar equipment. Work will then be 
undertaken in a field new to Australian fisheries, that of locating and capturing pelagic or surface- 
swimming fishes, such as tuna, mackerel, sardines, Australian salmon, anchovies, &c. Fishing 
methods to be introduced will include purse-seining and live-bait fishing-methods that have 
both proved successful in Japan and on the Californian coast where immense quantities of fish 
similar to those frecluentiilg Australian waters are landed. In addition, Ilanish seine nets will 
be used where suitable conditions exist to locate demersal or bottom-tiwelling fishes, and hand 
lines and long lines will be utilized for investigating rocky ground. 

3. Aerial Reconnaissance.-IIaving in mind the length of coastline and extent of waters 
to be explored, i t  was decided to carry out experimental flights to determine to what extent aerial 
observations might assist the work of the investigation vessel. After consultaticin with the Air 
Board, and with the approval of the Minister for Defence (the Hon. Sir Archdale Parkhill), tests 
were arranged, on each occasion a Seagull Amphibian with the necessary personnel arid fuel being 
made available by the Air Board. The observations were carried out by an officer of the 
Fisheries Section. 

The main objectives of the flights were- 
(a) To ascertain to what extent, if any, aerial observation might assist the work of 

the fislieries iiivestigatio~i vessel now under construction. 
(b )  To obtain pictorial records of occurrences of pelagic fishes, of certain existing and 

potential fishing bases, and of shallow grounds likely to be suitable for the 
operation of certain types of fishing gear. 

(c) To obtain pictorial records of physiographic features of the area under observation 
and of phases of the fishing industry such as crayfishing, trawling, and Danish 
seining. 

(a) To obtain such other information as might be useful to the fisheries investigatiori 
vessel and the fishing industry. 



The first flight commenced on the 21st October, 1936, and ended on the 1st December, 
1936 ; and the second flight commenced on the 25th February, 1937, a i d  cou~ludcd on the 28th 
March, 1937. The area covered in both instances ernloraced the south-east portion of the Victorian 
coast, the south coast of New South Wales, Bass Strait (including the Furneaux group of islands), 
and the east and south coasts of Tasmania. During the progress of both series of flights, valuable 
assistance and co-operation was rendered by the Air Board, the Fishery 1)epnrtnlents of Tasmania, 
New South Wales, and Victoria, the Cinema and P1iotogr:~j~liic Branch of the Department of 
Commerce, lied Funnel Trawlers Limited of Sydney, arid by Yisheries inspectors and fisherlnen a t  
the various ports. The action of the Tasmanian Sea Fisheries Board in making available the 
services of the patrol boat Allara greatly assisted the work during the Tasmanian flights. 

During the periods of the first flights the greatest concentration of pelagic fish and bird 
I life was observed in the vicinity of l\lontague Island off the south coast of New South Jvales. 

Large shoals of fish of potential commercial value were observed in this area. Iluring the course 
of the secoild flights, the greatest concentration of pelagic fish life observed was a t  about five to 
fifteen miles off tllc east coast of Tasmania, from Sehouten Island in the south to Babel Islarid 
in the north, a distance of about 140 l~autical miles. 

Identification of the species of fish comprising shoals observed from the air is not easy but, 
in both flights, huge shoals of Australian salmon were definitely identified. In the second series 
of flights, great shoals of tuna were also seen and recognized. In both instances the shoals were 
observed under conditions which should render possible their capture by modern fisliing gear. 

A considerable nurnber of photographs-both " motion " and " still "-were talcen of the 
fish shoals and assemblies of birds observed, of entrances to bays and estuaries, and of coastal 
features. These photographs indicate that i t  might be possible to construct havens, a t  
comparatively low cost, in places where a t  present no safe anchorage is available for fisliinp craft. - 

These trial Rights successfully demo&ratcd the value of aerial observations for the location 
of shoals of pelagic fish, and for determining the area containing the greatest corlcer~tration of 
fish life ; and i t  is considered tliat the co-operation of aircraft with the investigation vessel would, 
in consequence, be advantageous. 

4. Analyses of Colnnzon Australian Pish and Pish Oils.-Pending the establishment of a 
fisheries research laboratory, arrangements have been made with the Ilepartment of Chemistry, 
University of nlelhourne, for some preliminary analyses to be carried o ~ t  in that Department. 
The oBject of this worli is to determine the degree of suitability of the commoner fish species, 
season by season, for :-(a) consumption in the fresh state, (h )  canning, (c) redrlction into fish meal 
and oil, and ( d )  preservation by refrigeration ; and to ascertain the available yield of liver and 
fish oils, together with their vitamin il contents. (Arrangements have since been made for the 
determination of vitamin D content by another agency.) - - 

Analyses have already been made of consignmeiits of barracouta, sea mullet, Australian 
salmon (Arripis trzctta), and school shark (Galeorhinus Australis,) while the pilchard will shortly 
be examined. All of these fish have proved to have a colisiderable body-oil content, which, 
especially in the case of rriullet, can vary very greatly according to sc.ason. I t  woultl be necessary 
to pay attention, therefore, to the season during which catches of this fish are to be selected for 
canning, smoliing, &c. A11 the above-mentioned species give fish meals of the highest class, 
providing that a sufficient proportion of the oil is previously removed by pressure under steam heat. 

Aii~ong these species, the com~~lonly caught school shark is the most productive of liver 
oil, whicll is readily obtained from the large livers by stthanling. The liver oils of this species, 
and of barraeoota. are highest in vitan~in A coritent ; but it should also be noted tliat, in co~uparison 
wit11 the liver oils of the cornmon fish of the northern hernispllere, the vitamin A content of each 
of eight Australian fishes so far examined is decidedly high, approaching in the two cases rncntioned 
that of halibut. Also, as is the case in the northern hemisphere, the value is considerabl\~ higher 
in the feedil~g (sumnrer) seaaon than in winter. The combination of liigli yield of oil 4 t h  high 
vitamin A content, is, in the case of the school shark, considered to be a fintiing of econolnlc 
importance. M711ile the vitamin A content is rather lower than that of most halibut, weight for 
weight the liver yields about twice as much oil. Little squalene appears to be present in the oil ; 
hence it can probably be as readily assimilated as are other corrlrnercially important edible liver 
oils. 

XI. OTHER INVESTIGATIONS. 
1. Commonwealth Prickl?~ Pear Hoard*.-The co~itinued control and eradication of prickly 

pear by Cactolrlastis cacto~unl has been most satisfactory during the year. In &ucenslai;d, th"e 
destruction has been very thorough ; in most districts of former heavy pear, later succeeded by a 
vigorous regrowth, one finds nothing more serious than scattered to very scattered secondary 
growth and seedling plants. lsolated rearowtli areas of a few hundred to a few tilousand acres 
-- - -- 

* 1,1,, u nrd  I, a 1 ir~d~pci~clcll t  body financed bq the C o m ~ n u ~ i n e ~ l t h  (througll tile Council for S~lelltlflc and Indu>t i~nl  Ilejejrch) and t , ~ e  btates of 
Queen.lanl and New Youth \\ -1eS 



remain here and there, and are valuable breeding grounds for the insects. Seedling pear 
continues to appear for some years, and will no doubt persist in developing on improved grazing 
lands in the vicinity of former dense infestations. 

The maintenance of the Cactoblastis population is a matter for favorable comment. Where 
regrowth and seedling pear, even of a very scattered nature, occurs, the proportion of plants 
infested by the larvae is relatively high in most sectors. The heavier areas of regrowth and 
seedling pear are being vigorously attacked by the insect. There are, however, a few localized 
areas in south-west Queensland where Cactoblastis is not, a t  present, concentrated in large 
numbers. 

In New South Wales, the position in north-western districts is much as in Queensland. 
In general, regrowth is light or scattered, but in the Collarenebri-h1ungindi section there is a good 
deal of secondary pear among which the Cactoblastis population is rather light. On the other 
hand, the insect's numbers are very great in the Ringara-Inverell country, and in this district 
are effecting excellent destruction of resistant pear on timbered hills and ridges, more especially 
on areas where ringbarking of the timber has resulted in an improvement in the quality of the 
prickly pear. In the Hunter Vailcy, the pear infestation colitinues to be reduced steadily. 

The reclamation of former dense pear country in Queensland, made possible by reason 
of the success of biological control, is malting rapid progress. On every side, one can see evidence 
of new development. Very large tracts of country are being improved for wool production ; in 
a few years the State's sheep flocks must, in consequence, increase very appreciably. Similarly 
timber destruction, fencing, water storage provision, and other improvements, are being pushed 
ahead in districts suitable for dairying and fat cattle raising. Towns and smaller settlemeiits in 
the pcar territory generally reflect, in the number of new business premises and residences, the 
position so radically changed within a few years. 

Concerning the lesser pest pears, the beetle Lngochirus ,fufzestus, introduced from Mexico 
in 1935, promises to control the tree pears of Central Queensland, Opufztia tomentosa and 0. 
streptacantha. Large numbers have been bred and released during the year, and already many 
of the liberations show considerable damage caused by this insect. In the case of the tiger pear, 
0. aurantiaca, the Argentine cochineal (Dactylopius conj~szts) has continued to effect rnarlred 
destruction in various localities. 

In collaboration with the Council, experimental investigations have been continued with, 
the Noogoora burr seed-fly, Euaresta aepzsalis. Certain tests on economic plants have been 
conducted with two other Xa?athiec?n insects from America. Further attention has been paid to 
the insect enemies of Bassia and related plants. 

Overseas investigations have dealt entirely with the biological control of Xanthium. 
Two officers have made extensive surveys in the United States, and have studied the life history 
and other phases of various insects. Another officer has carried out Xanthiztm surveys in 
Argentine, Brazil, Peru, and Chile. 

2. Radio Research Board.-The work of this Board has been continued as formerly, with the 
co-operation of the Postmaster-General's Department and of the Unis-ersities of Melbourne and 
Sydney. 

The Sydney investigators of the Board are giving a considerable amount of attention to a 
study of the ionosphere, through which radio transmissions of any distance are carried. It is 
hoped that, with further information concerning conditions in the ionosphere and their effect on 
radio transmissions, it will be possible to develop improvements of value to all the radio services 
of the country. 

During the year, work was completed on a simple and flexible method of measuring the 
polarization of radio echoes from the ionosphere. The method employs pulse emissions, and is, 
therefore, applicable where more than one echo is receivable, but avoids the difficulty of radio 
frequency phase instability by a partial employment of the frequency-change technique. The 
results obtained afYord strong evidence of magneto-ionic effec'cs in the E region of the ionosphere. 
A report of this work was published by the Royal Society of London in February, 1937. 
Subsequently the method was extended so as to measure riot only the polarization but also the 
angles of incidence and lateral variation of downcorning echoes. 

Recently, in collaboration with the Cornnionwealth Solar Observatory, important 
discoveries have been made on the connexion between ionospl~eric disturbances, " fade-otlts," 
and bright hydrogen solar eruptions. It is found that a type of ionospheric disturbance 
accompanies every bright hydrogen eruption, and when the disturbances are large they cause 
fade-outs in short- wave communication. 



As part. of the Sydney work, much attention has been given to the design and improvement 
of instruments whereby to obtain the desired observations. Work in this field has included the 
design of an automatic high-frequency re~order, an electronic-type oscillci,nraphic frequency- 
response curve apparatus, and an electron switch. The Sydney worli has been very considerably 
assisted by University and other research workers quite apart from the Board's owl1 officers. 

In Melbourne, work in the field of atmospherics has been continued. The year of joint 
investigation of the usefulness of directional observatiolis on atmospherics for weather forecasting 
and aviation warning carried out in collaboration with the Coirlmonwealth Weather Bureau was 
completed at the end of July, 1936. The results showed that further improvement in the accuracy 
of wireless locatiori of tl~understornls is necessary before final conclusioiis on the points under 
consideration can be drawn. It has now become fairly evident, however, that the close 
correlation between thunderstorms and fronts over the Australian Bight, as found some two 
years ago, does not always hold. In general, many, but by no means all, fronts bring thunderstorlns 
with them, and when thundcrstorms do occur they are oft'en so far removed from the front that i t  
is doubtful if they are strictly of the frontal type. Often, they occur a t  a subsidiary front which 
does not bring the main weather disturbance. By coniparing radio locations of thunderstorms 
over land areas with those obtained from meteorological observations, i t  was found that for 
adequate accuracy two, but preferably three, direction-finding stations should always be used 
and steps should be taken to  avoid night errors by using Adcoclc aerial systems. 

3. Mineragraphic Investigations .-- Mineragraphic investigations are concerned with 
elucidating the mineral associations in conlplex ores. Many valuable minerals occur in opaque 
particles of microscopic size which may be observed only by the n~icroscopical exarrlination of 
polished surfaces in reflected light. With the aid of suitable mounting mediums, the minerals 
in a flotation concentrate or mill product can similarly be determined ; and the investigation 
of losses in milling can frequently be assisted by the direct o!~servation of the valuable minerals 
in mill products and tailings. Special mcthods of preparation of specimens are required, as well 
as special methods of identification of the minerals, and these are employed by the Council's 
investigator, Dr. P. L. Stillwell, and his assistant, Dr. A. B. Edwards. 

During the past year, 27 investigations have been made on ores, mill products, and rocks 
submitted by mining companies and mstitutions. Twelve of these have been related to 
investigations carried out by the Council's ore-dressing investigators in Victoria and South 
Australia. These concerned auriferous ores from Yackandandah, Ijart River (Victoria), and 
Feelwood, New South Wales ; flotation concentrates from New Occiderltal Nine a t  Cobar, New 
South Wales, Tyrconnel mine a t  Mareeba (Queensland), Stockyard Creek (South Australia). 
Dart River (Victoria) ; and mine dumps a t  Cost'erfield (Victoria), and Delamere (South Australia), 

A series of ore and mill products from the Lancefielcl gold mine in Western Australia were 
studied. Gold in this ore is partly embedded in quartz partly in pyrite, and to a lesser degrec in 
arsenopyrite and pprrbotite. The flotation concentrates show that pyrite is the chief sulphide, 
and that some of the gold ren~ains encased in pyrite and arsenopyrite after crushing, and such 
gold as remains in the calcine tailing and is thus lost is probably due to such inclusions which 
have not I~eeii exposed during tlie oxidatiori of the sulphides by roasting. 

The examination of telluride-free concentrates prepared by N. I. Haszard a t  the Melbourne 
University, from flotation coilcentrates from the Lake View and Star Mine, Kalgoorlie, in 
connexion with his researches on tailing losses, determined that gold occurs as free particles, as 
particles on the margin of pyrite and gangue, and as particles totally encased in pyrite. The 
examination of the similar concentrates after cyanidation determined that similar gold particles 
remained encased in pyrite. 

Another series of mill products from telluride ores have been examined for the Kalgurli 
Ore Treatment Company. A small particle of gold in gangue was detected in the flotation tailings. 
Gold occurs as inclusions in pyrite, as gold tellurides, a i d  as an occasional free particle in flotation 
concentrates prepared after straight cyanidation. The gold content of these flotation concentrates 
after bromocyanidation occurs largely as inclusions of free gold in pyrite, though an occasional 
particle of gold t,elluride may be found. When the residual concentrates are roasted, and the 
pyrite converted to iron oxides, much of the gold is exposed, but, in the final residue, after 
cyanidation, gold particles have been observed to be encased in particles of iron oxide. 

The examination of strake concentrates collected from the residue cone underflow at the 
Rosebery mill revealed xlumerous gold particles comparable in size with the pyrite particles. The 
effect of an incomplete roast on these concelitrates proved interesting in showing transitional 
changes of the oxidation of pyrite from graphic intergrowths of pyrite and magnetite to 
intergrowths of magnetite and hematite, a i d  in showing the possible growth of iron oxide around 
particles of gold. 
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A series of bore cores from the No. 2 diamond drill, Tennant's Creek, were petrologically 
examined for the Aerial, Geological, and Geophysical Survey of Northern Australia. It was 
determined that the magnetic anomaly penetrated by this bore was due to a mass of talc-carbonate 
magnetite rocks containing disseminated chalcopyrite. This material is probably the 
metamorphosed equivalent of an ultra basic igneous roclt. All the milleragraphic investigations 
discussed above have been facilitated by contributions from a numbcr of mining corporations ' 

through the Australasian Institute of Mining a l ~ d  Metallurgy. The University of Melbuorne 
has also assisted by granting the investigators laboratory accommodation a t  the Geology School. 

4. Ore-dressifig 1n~:estigatims.-As indicated in previous reports, these investigations are 
being carried out with the co-operation of the Kalgoorlie Scllool of Mines, the Adelaide School of 
Mines and Industries, and the Metallurgy ScE~ool of the University of Melbourne. 

The Kalgoorlie laboratory has continued to be in considerable demand from the relatively 
large nnmber of lcaseholiiers in Wester71 Australia. In consequence, the iiivestigating officers 
have been fully occupied with tests of numerous ore samp!es drawn from many different parts 
of the State. A number of milling and treatment plants have also been erected in Western 
Australia from designs drawn up as a result of the experimental work of the laboratory. As 
distinct from the experimental work, the advice of the laboratory has also been constantly 
sought by inill operators who have had difficulties in treatment. An investigation on a dump of 
tailings which have been untreated f ~ r  30 years and which a number of attempts to treat had 
proved costly failures, resulted in a discovery of a method of treatment ; the treatment of the 
dump has now been practically completed on lines laid down by the laboratory, and with a 
substantial profit to the owner. 

In the Adelaide laboratory work on some samples gave indications that a study of the 
alkalinity of pulps undergoing cyaniding would be of value. As a resnlt, new linowledge of general 
advsntage to the gold-mining industry in Australia was obtained. Other lines of work consisted 
of a study of gold ores carrying large qua~ltities of antiinony and thus difficult to treat by cyaniding. 

a ion. Attention was also given to a study of the harmful effect of calcium sulphate in cyanid t. 

In  the Melbourne Laboratory, the examination of 52 different ore samples was 
completed during the year. In general, these sarilples have been submitted by small development 
companies, but in several cases tests were carried out for large operatting plants to check certain 
features of the current practice. Prom the technical point of view, the outstanding work has been 
a series of tests on the copper arsenical gold o;es of iiortii-eastern Victoria. 

Another development has been the adoption of a routine' for the cyanidation and filtration 
of samples from alluvial slum dumps of which there are many large exarrlples in the Victorian deep 
leads areas. As one cievelopment of sueli work a plant of a capacity of 250 to 400 tons per day 
is now being erected a t  8a"aryborough. 

5. Sta.r~Zards Association qf Azcstra1ia.-The Standards Association of Australia, for which 
the Council is the means of liaison with the C'ornmonwealth Governmelit, reports a year of 
increasing activity. A wider recognition of the value of standard specifications, and particularly I 

of standard codes of practice, is resulting in a large number of appeals to the Association to 
undertake new work, n111ch of which must be regarded as of urgency and imp~rt~ance. New 
activities cannot be undertaken wit,h a limited staff without prejrtdicially affecting the rate of 
progress in work already in hand wliich is being carried forward as fast as the capacity of the staff 
will permit. Some measure of improvement resulted from the appointment of two additiollal 
technical officers during the year ; but much more assistance will he necessary before adequate 
measures can be taken to meet the demand. 

Considerable progress bas been made in the preparation of new specifications and codes 
and in revising existing staridards in order to keep them abreast of industrial developments. 
The ~ssociatioh has been able to arrange, when necessary, for experimental investigations to be 
carried out in order to ensure that the best and most modern practices are incorporated in the 
standards. For the same purpose, inquiries have been made abroad, and much valuable 
information has been made available to the Association. The link with other i~ational standardizing 
bodies has been maintained, and particularly close co-operation exists between .the various 
associations within the Empire. 

The Association's highly specialized technical library has had heavy demands made upon 
it ; and an ackive library service has been given to Government officers and to industry and 
commerce. A new branch of activity which promises to be of considerable value to State 



Governments is the assistance given in the preparation of suitable standards and the organizing 
of examining committees ill connexion with systems established for controlling the sale and use 
of electrical appliances with a view to  protecting the public from electrical hazards. 

6. Biometrical Work.-There is a generally increasing appreciation of the value of statistical 
methods in experimental work, and with it a growing ciemancl for the services of biometricians. 
The biometrical staff of the Council has been increased by t'he addition of Dr. M. AI. Barnard, 
who returned from England in Bugust last year. She spent several months in Canberra assisting 
in the work there, and made an analysis of some of the wheat variety experiment data. After 
leaving Canberra she visitcd the JlcAlaster Laboratory in Sydney before proceeding to Melbourne, 
and is now located with the Division of Forest Products where many statistical probleins occur in 
connexion with the testing of timbers. 

In the Division of Plant Industry, biometrical questions and analyses have been dealt 
with in regard to experiments on footrots and flag smut of wheat, on the general physiology of 
the wheat plant, on the effect of weed competition, and on the technique of sampling pasture 
plots. Attentior1 has also been given to problems in plant genetics, and to tobacco investigations 
and virus studies. Results of experiments on problems relating to peach moth, termites, 
blowflies, and grasshoppers, have been analysed for officers of the Division of' Et:onomic 
Entomology. A statistical analysis was made of the results of an experiment conducted by the 
Division of Animal Health and Nutrition to test the effect of fluorine on sheep. Biornetrical 
tests were done on data from an orange-picking experiment a t  Griffith ; and an analvsis is in 
progress of an investigation illto the effect of tick beans on the seasonal variation of nitrates in 
the soil. Advice on statistical questions has been given to officers of the Research Station a t  
Merbein. 

The statistical planning and analysis of experiments concerned with the diseases of animals 
has been carried out by Bliss H. N. Turner, who is attached to the McSlaster Animal Health 
Laboratory. 

A bulletin dealing with statistical methods for the non-mathematical research worker is in 
preparation. 

7. Bureau of Information.-The Science and Indusrry Research Act 1920-26 provides for 
the e~tablishment of a Bureau of Information for the collection and dissemination of information 
relating to scientific and industrial matters. Although such a bureau has not yet been established 
as a separate section or part of the Council's organization, a large number of inquiries for 
information on a diversity of subjects are received and dealt with each year. Some of these 
inquiries concern problems which are actually under investigation by the Council's officers. In 
such cases, full information can generally be given. Many of them, however, relate to matters 
which are not being investigated by the Council ; these are dealt with either by personal 
interview or by letter as fully as possible, using the resources of the Council's staff and libraries 
and, where necessary, obtnihng the required information from outside sources. The follo~ring 
is a selection from the list of subjects not directly under investigation by the Council and concerning 
which information has been supplied during the past year :- 

(i) Primary Industries.-Containers for fruit juices, control of evaporation of water, 
purification of bore waters, bran germ, potash, insect killing devices, cheap 
methods of refrigeration, rabbit control, bird guano, utilizatiorl of banana 
stems, iodized wraps for fruit, apricot pits, soya bean, lemon peel, citrus oil, 
waste straw, drought's, Phorrniurn tenax. 

(ii) Manufactures. --Mirror, pottery, building materials, mill white, leaf oil, t ung oil, 
eucalyptus oil, cold water pastes, pottery glazing, extraction of oil from 
vegetable matter, linoleum polishes, fly sprays, oat oil, glue and gelatine making, 
water-proofing textiles, car wash, coco-nut shell, magnesium chloride, citric 
acid, cellophane, milk sugar, reconditioning grinding mops, wood distillation, 
oxygen and hydrogen, life of rulo'uer, salt by freezing, tanning of Australian 
leathers, lactose, tinning, potato starch, casein products, and bronzing. 

(iii) Industrial Minerals.-Diatomxeous earth, sulphur from iron pyrites, nlagnesite, 
magnesium oxide, tantalite, berylliun~ ores. 

(iu) Miscellaneous.-Frost prevention, mistletoe, storage of flowers, silverfish, 
conversion of sugar, Australian research, seaweed, producer gas-driven vehicles, 
mutton bird oil, geophysical prospecting, lanital, dugong oil, water sofrening, 
power alcohol, koalas, literature on irrigation, ambergris, Queensland kauri 
gum, soil erosion, material for grader., butter lubricants, colour test, book 
varnish, wool pack. 
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XI1.-FINANCIAI; MATTERS, STAFF', AND PUBLICATIONS. 

1. Finance.-The statement of expenditure from 1st July, 1936, to 30th June, 1937, 
is as follows :- 

£ £ f 
1. Salaries and contingencies . . . . . . . . . . 17,659" 
2. Remuneration of Chairman and Members of Council . . .. 2,334P 
3. Jnvestig a t' ~ons- 

(i) Animal Problems- 
(a)  Sheep diseases : footrot, black disease, 

preputial disease, caseous lymph- 
adenitis, enterotoxaemia, pregnancy 
disease and equine navel ill . . 3,189 

Less contribution from the Aus- 
tralian Pastoral Research 
Trust . . . . . . 200 

2,989 

(b) Mastitis (Victoria) . . . . 4,552 
Less contribution from Aus- 

tralian Cattle Research Asso- 
ciation and part Berwick 
Farm Revenue . . . . 4,552 

. . 
(c) Ra.bbit myxomatosis . . . . 1,317 

Less contributions from Council 
of Advice, Rabbit Destruc- 
tion Pund . . . . 825 

-- - 492 

(d) Tick and tick fevers, pleuro-pneumonia, 
&c. . .  . . . . . . 

Less contributions from Queens- 
lalid Government, part pro- 
ceeds from sale of vaccine, 
and C.P.P. Revenue Fund. . 

(e)  Haematuria (Victoria and South Aus- 
tralia . . . . . . . . 

(f) Toxaemic Jaundice . . . . 
Less contributions from Aus- 

tralian TVool Board . .  

(g) ParasitoIogy . . f t  l v 6,447 
&ess contributions from the Aus- 

tralian Pastoral Research 
Trust;, Universit of Sydney, P Australian Woo Board, and 
Parasitology Revenue Fund 1,297 - 6,150 

(h) Bac.teriology . . . . . . 1,951 
Less contributions from Aus- 

tralian Wool Board , .  43 
1,908 

(i) Biochemical Problems . . . . 1,733 
Less contributions from Aus- 

tralian Wool Board . . 264 - 1,469 

The main items of expenditure under this headin@ are salaries of the Admlnlstratlve Staff at the Council's Head Office; atsff and upkeep of Skate 
Committees ;< part salary of representative at Australia House ; travelling expensen of Head Oface statt, memben of the Council, &o., and printlng and geoenrl 
otece expenditure. t Provided from Consolidated Bevenue Pund. 
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3. Investigations-continued. 
(i) Animal Problems-corztiyzued. 

' (j)  Genetics (New South Wales and 
Queensland) . . . . . , 

Less contributions from the Aus- 
tralian Wool Board and In- 
fertility Revenue Pund . . 

(k) External Parasites Investigations . . 
Less contributions from Aus- 

tralian Wool Board . . 

(1) Entero-toxae~nia (Braxy-like disease), 
Moora (Gingin) disease, Ataxia in 
lambs, &c. (\arestern Australia) . . 

(m) Nutrition Laboratory . . . . 
Less contributions from Nutri- 

tion Laboratory Revenue 
Fund . . . . . . 

(n) Waite Institute . . . . . . 
(0) Field Station, Young, New South 

Wales . . . . . . 
( p )  Field Station, Kangaroo Island, South 

Australia . . . . . . 
(q) Coast I )isease Investigations . . 

Less contri1)utions from the Aus- 
tralian Pastoral Research 
Trust . . . . . . 

(7)  Drought feeding experiments a t  Waite 
Agricultural Research Institute, 
Glen Osmond, South Australia . . 

Less contributions from Aus- 
tralian Pastor nl Research 
Trust,, ('ommonwealt2l Bank 
(Rural Credits Development 
Fund) and Jericho Wool 
Committee . . . . 

(s) Field Experiments on Phosphorus 
Ileficiency, South Australia . . 

Less contributions from the Aus- 
tralian Pastoral Research 
Trust . . . . . . 

( t)  Agrostological Investigations a t  Waite 
Agricultural Research Institute, 
Glen Osmond, South Australia . . 

(u) Central Office- 
Annual . . . . . . 
Capital . . . . . . 

Less contributions from balance 
of grant to Dr. Georgina 
Sweet . . . . . . 

Less contributions from Common- 
wealth Bank (Rural Credits 
Development Fund) . . 



3. Investigations-continued. 
(ii) Plant Problems-Division of Plant In- 

dustry- 
(a)  Central Laboratory- 

Annual . . . . . . 
Capital . . . . . . 

(b) Experimental plots . . . . 
(c) Plant pathology . . . . 
(d) Plant genetics . . . . . . 
(e) Plant introduction . . . . 
(f) Agrostology . . . . . . 
(9) Herbarium . . . . . . 
(h)  Weeds Investigations . . . . 
(i) Fibre ~nvesti~ations . . . . 
(j) Experimental Farm, Duntroon . . 
(k) Potato Virus Studies . . . . 
(1) Pasture Plant Improvement . . 
(m) Pasture Plant Breeding, Gatton, 

Queensland . . . . . . 
(n) Plant Introduction Garden, Gatton, 

Queensland . . . . . . 
(0)  Plant Introduction (State Farm, 

Middle Queensland) . . . . 
(p) Apple root stocks, Btanthorpe, 

Queensland . . . . . . 
(q) Fruit Problems . . . . 

Less contributions from De- 
partment of Commerce 

(r) Tobacco Investigations . . . . 
Less contributions from To- 

bacco Trust Fund . . 
(s) Cumhungi Weed Pest, Murrumbid- 

gee Irrigation Area, New 
South Wales . . . . 

Less contributions from New 
South Wales Water Con- 
servation and Irrigation 
Commission and Victorian 
State Rivers and Water 
Supply Commission . . 

(iii) Entomological Problems - Division of 
Economic Entomology- 

(a) Central Laboratory- 
Annual . . . . . . 
Capital . . . . . . 

(b) Agricultural Entomology and 
Museum . . . . . . 

(c) Agricultural Entomology (Orchard 
and Pruit Pests) . . . . 

(d) Agricultural Entomology (Grass- 
hopper Investigations) . . .  

(e) Noxious weeds . . . . . . 
(f) Veterinary Entomology . . . . 

L,ess contributions from Aus- 
tralian Pastoral Research 
Trust and Australian 
Wool Board . . . . 



3. Investigations-continued. 
(iii) Entomological Problems, kc.-continued. 

(g) Forest Entomology . . . . 
Less contributions from De- 

partment of Interior . . 
(h)  Oriental Peach Moth . . . . 

Less contributions from De- 
partment of Agriculture, 
Victoria . . . . 

(i) Constant Temperature Chambers . . 
Less contributions from Sir 

MacPherson Robertson . . 

(iv) Horticultural Problems of the Irrigation 
Settlements- 

Citricultural- 
(a)  Research Station, Grfith- 

Salaries and incidentals . . 
Capital . . . . . . 

Less funds provided from 
Station Revenue . . 

Less contributions by New 
South Wales Water Con- 
servation and Irrigation 
Commission . . . . 

Viticultural- 
(b) Research Station, Merbein--- 

Salaries and incidentals . . 
Capital . . . . . . 

Less funds provided from 
Station Revenue . . 

&as contributioqs by Dried 
Fruits Control Board 
and Nyah-Woorinen 
Dried Fruits Inquiry 
Committee , , , . 

(c) Ripening, processing, kc., of vine 
fruits, Mildura District . . 

Less contributions by Irymple 
Packing Pty. Ltd., Mil- 
dura Co-op. Fruit Co., 
Red Cliffs Co-op. Fruit 
Co. Ltd,, Aurora Pack- 
ing Pty. Ltd., Swallow 
& Ariell Ltd., and Aden 
Packing Co, . , . . 



3. Investigations-contigzued. 
(v) Soil Problems- 

(a) Investigations a t  JVaite Institute, 
Irrigation Areas and Tasmania- 

Salaries, &c. . . . . 
Capital . . . . . . 

Less contributions from Com- 
monwealth Bank (Rural 
Credits Development 
Fund). . . . . . 

(vi) Food Preservation and Transport-- 
(a) Meat and fish investigations (Rrisbane 

Abattoir) . . . . . . 
Less contributions by Queens- 

land &feat Industry Board 

(b) Banana investigations (Queensland 
University) . . , . . . 

Less contributions from Com- 
monwealth Banana Com- 
mittee . . . . 

(c) Citrus Preservation . . . . 
Less contribution from Njagara 

Park Growers Ltd. . . 

(d) Non-tropical fruits (Pllelbourne) . . 
(e)  Engineering problems . . . . 
(f) Central Laboratory, Homebush, New 

South Wales- 
Annual . . . . . . 
Capital . . . . . . 

(g) Meat Investigations (Homebush, New 
South Wales) . . . . . . . . 148 

(h)  Fish Investigations (Homebnsh, New 
South Wales) . . . . . .  . . 1 02 

(i) Non-tropical fruits (Homebash, New 
South Wales) . . . . . t 326 

Less contributions from New 
South Wales Department of 
Agriculturs , e 1 .  326 - , . 

- - (j) Adviser on Food Pxeservatian 
. 1  I I 296 

Less contributions from Com- 
monwealth Bank (Rural 

- .  Credits Development Fund) * .  2,000 

(vii) Prickly Pear- 
(a) Grant for investigations , . . . . . 4,438 

Less contributions from Com- 
monwealth Bank (Rural 

- - Credits Development Fund) 
- - . . . . 4,438 



3. Investigations--continued. 
(viii) Forest Products-- 

(a) Central Laboratory- 
Annual . . . . . . 
Capital . . . . . . 

(b )  Seasoning . . . . . . 
(c) Preservation . . . . . . 
(a) Chemistry . . . . . . 
(e) Wood Structure . . . . . . 
(f) Timber Mechanics . . . . 
(9) Timber Utilization . . . . 
(h)  Timber Physics . . . . . . 
(i) Grading Studies . . . . . . 
(j) Q~~ecnsland Timber Problems . . 

Less contribution by Lands Ad- 
ministration Board, Brisbane, 
Queensland . . . . 

(k) Plant for new Laboratory . . 
Less contribution by Russell 

Grimwade, C.B.E. . . 

(1) Paper Pulp . . . . . . 
Less contribution by Australian 

Paper Manufacturers Limited 

Less sundry cash donations . . 

Less contribution from Com- 
monwealth Bank (Rural 
Credits Development Pund) 

(ix) Mining and Metallurgy- 
( a )  Mineragraphic Investigations . . 

Less contribution hy Australasian 
Institute of Mining and 
Metallilrgy . . . . 

(x) Radio Research- 
(a)  Melbourne and Sydney Universities . . 

Less contributions by Postmaster- 
General's Departnlent . . 

(b) Advisers on Radio Research . . 
(xi) Library . . . . . . . . 
(kii) Gold Mining- 

(a) Mineragrapi~ic --- . Investigations . . (Mel- 
bourne University) . . . . 

(b) Ore Dressing (Melbourne University) 
(c) Ore Dressing (Adelaide School of . , - 

Mines) . . . . . . 
(a) Ore Dressing (Kalgoorlie School of 

Mines). . . . . . . . 
(e)  Advisory 'committee . . . . 

(xiii) Fisheries Investigations- 
(a)  Administrative- 

Annual . . . . . . 
Capital . . . . . . 

(b) Fish Analyses . . ..e *a 
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3. I11 vestigations-continued. 

(xi v) Apple and Pear Investigations- 

(i) Experimental Consignment Apples 

Less contributions from Depart- 
ment of Commerce 

(xv) Miscellaneous- 
(a) Dairy Research . . 
(b) Ephemeral Disease 
(c)  Tomato Wilt . . 
(d) Mineral Deficiency in Pastures . . 

ducers' Council . . 

--- - 

Total of Item 5-Investigations . . 
-.. 

2. Cont~ibzctiorts.-The following statement shows the receipts and disbursements during 
the year 1936-37 of the funds provided by outside bodies and recorded in the special account 
established in 1931, entitled " The Specific Purposes Trust Account " :- 

Receipts including 
balances Expenditure 

brought forward 1936-37. 
from 1935-36. 

Commonwealth Bank (Animal Health and Nutrition, 
Horticultural, Food Preservation and Transport, 
Pricldy Pear and Forest Products Investigations) 17,500 . . 

Comn~o~lrvealth Bank (Erection of Drought Feeding 

Commission (Cumbungi Investigations) . . 

Carried fbrward . . . . .. 25,106 . .  



Receipts i~cllldmg 
b~lnnces 

hroilaht iorwmd 
from 1935-36. 

£ 
Brought forward . . . . . . 25,106 

Victorian State Rivers and Water Supply Commission 
(Cumbungi Investigations) . . . . . . 200 

Department of Commerce (Fruit Problems, Tasmania) 238 
Qlieensland Government (Animal Health Investigations 

-Cattle Research) . . . . . . . . 2,557 
Australian Wool Board (Animal Health and Nutrition 

Investigations-Sheep Research) . . . . 2,260 
Australasian Institute of Mining and Metallurgy (Minera- 

graphic Investigations) . . . . . . 368 
Dried Fruits Control Board (Dried Fruits Investiga,tions) 1,999 
Nyah-lvoorinen Dried Fruits Inquiry Committee (Dried 

Fruits Investigations) . . . . . . 60 
Australian Dairy Council (Wood Taint in Butter Investi- 

gations) . . . . . . . . 20 
Queensland Meat Industry Board (Food Preservation 

Investigation) . . . . . . . . 300 
Sir MacPherson Robertson (Entomological Investigations) 183 
Department of Interior (Termite Investigations- Divi- 

sion of Economic Entomology) . . . . 16 
Aust,ralian Oxygen and Industrial Gases (Forest Products 

Investigations) . . . . . . . . 50 
Commonwealth Banana Committee (Banana Investiga- 

tions) . . . . . . . . . . 350 
University of Sydney (Animal Health and Nutrition 

Investigations) . . . . . . . . 188 
Revenue Fund-Contagious Pleuro-pneumonia In- 

vestigations (Animal Health and Nutrition 
Investigations) . . . . . . . . 150 

Revenue Fund -0onoonba Research Station-Sale of 
Vaccine (Animal Health and Nutrition Investiga- 
tions) . . . . . . . . . . 1,547 

Revenue Fund-Parasitological Investigations (Animal 
Health and Nutrition Investigations) . . . . 11 6 

Revenue Fund-Infertility Investigations (Animal 
Health and Nutrition Investigations) . . . . 197 

Revenue Fund-Nutrition Laboratory (Animal Health 
and Nutrition Investigations) . . . . . . 195 

Revenue Fund--Entornological Investigations . . 55 
Revenue Fund-Grifith Research Station (Citricultural 

Investigations) . . . . . . . , 3,284 
Revenl~e Fund-Berwick Farm (Mastitis Investigations) 744 
Revenue Fund-Merbein Research Station (Viticultural 

Investigations) . . . . . , . . 3,057 
Revenue Fund-Ore Dressing Investigations . . 149 
Plywood-Veneer Board, Queensland (Forest Products 

Investigations) , . . . . . . . 138 
Lands Administration Board, Queensland (Special Forest 

Products Investigations) . . . . . . 260 
Russell Grimwade, C.B.E. (Forest Products Investiga- 

tions) . . . . . . . . . . 2,361 
Niagara Park Growers Limited (Citrus Preservation 

Investigations) . . . . . . . . 6 
Tobacco Trust Fund-Prime Minister's Department 

(Tobacco Investigations) . . . , . . 11,259 
New South Wales Department of Apiculture (Meat In- 

vestigations) . . . . . . . , 3,000 

Carried forward . . . . . . 60,402 

* Includes f 7 on account u; :31&S6 expenditure. t Inoludw 910 on .wount 19S6-36 expenditurs. 



Kccelpbs including 
balances Expenditure 

brouaht forward 1936- 37. 

Brought forward . . . . . . 
Department of C'onimerce (Apple and Pear Investipa- 

tions) . . . . . . . . . . 
Mildura Co-operative Fruit Company (Dried Vine Fruits 

Investigations, Merbein) . . . . . . 
Iryrnple Pa'iking Company (Dried Vine Fruits Investi- 

gations, Merbein) . . . . . . . . 
Red Cliffs Co-operative Fruit Company (Dried Vine 

Fruits Investigations, Mcrloein) . . . . 
Aurora Packing Company (Dried Vine Fruits Investi- 

gations, llerbein) . . . . . . . . 
Swallo\v & Ariell Limited (Dried Vine Pruits Investi- 

gations, Mcrbein) . . . . . . . . 
Aden Packing Company (Dried Vine Fruits Investi- 

gation~, Merbein) . . . . . . . . 
Australian Dairy cattle Research Association (Mastitis 

Investigations) . . . . . . . . 
Council of Advice, Rabbit Destruction Fund (VTork on 

Rabbits) . . . . . . . . . . 
Dr. Georgina Sweet--Balance of Grant (Animal Health 

Ilives tipztions) . . . . . . . . 
Jericho Wool Committee, Jericho, Queensland (Sheep 

Research) . . . . . . . . . . 
McLaren & Company Proprietary Limited . . 
Holden's Motor Body Builders (Forest Products 111- 

vestigations) . . . . . , . . 
Department of Agriculture, Victoria (Oriental Peach 

Moth Investigations) . . . . . . . . 
Melbourne ~ l ec t i l c  supply Company (Pole Tests in 

Victoria) . . . . . . . . . . 
Newcastle ~i~inioipal Council (Pole Tests in New South I 

Wales) . . . . . . . . . . I  

Sydney ~ b n i c i ~ a l  Council (Pole Tests in New South [ 
22 . . JVales) . . . . . . . . . . . . I  

~ e ~ a r t m e k t  of Public Works, New South Wales (Pole 
Tests in New South Wales) . . . . . . 

Australian Paper Manufacturers Limited (Paper Pulp 
Investigations) . . 577 . . 431 

Associated Pulp and Paper Mills ~ i m i t e d  (paper ~ u i i  
Investigations) . . . . . . . . 500 . . . . 

South Australian Railways (Treatment of Railway 
Sleepers) . . . . . . . . . . 36 . . . . 

Egg Producers' Council (Watery Whites in Eggs) . . 52 . . 50 
Kevenue Fund--Mining and Jletallurgy . . . . 3 . .  . . 
Sundry Cor~tributors (Forest Products Investigations) . . 330 . . 33 
Sundry Contributors (Council for Scientific and lndus- 

trial Research Publications) . . . . . . 2 . . ?2 

3. Xta8.-The following is a list of the staff of the Council as a t  the 30th June, 1937. The 
list does not include typists, laboratory assistants and labourers, kc. 

1. HEAD OFFICE STAFF. 
Chief Executive Officer--Sir David Rivett, K.C.M.G., N.A., D.Sc., F.A.C.I. 
Secretary-G. Lightfoot, 31.9. 
Assistant Secretary ard  Editor of Scientific Pnhlications-G. A. Cook, M.Sc., B.M.E., 

A.,4.C.I. 
Assistant Secretary (Finance and Supplies)-H. P. Breen, L.I.C.A. 
Biologist-I?. N. Ratcliffe, B.A. -- - - -- 

* 111eudes E28 on account 1935-36 expenditure. 7 This contributiozi was credited to  Yublications Vote. 



Jibrary- 
Librarian and Scientific Assistant--Miss E.  Archer, M.Sc 
Assistant Librarian-Miss A. L. Kent. 
Assistant Librarian-11Ziss P. V. Illurray, M.Sc. 
Library Assistant (part-time)-Miss R. H. Anderson, B.Sc. 

Accounts, Staf, Stores- 
M. G. Grace, L.I.C.A. 
D. J. Bryant. 
K. Viney. 
11. A. Elliott. 
V. Leonard. 
A. Patterson. . 
C. Munro. 
J. Smithwick. 

Orders and Transport- 
J. M. Derurn. 
J. J. Poley. . 

Records- 
P. Domec Carr6. 
IN. Gillespie. 
P. Knuckey. 
P. Butler. 
R. McVilly. 

Ilea& Typist- 
Miss M. Polwarth. 

Clerical Assistant to Chief Executive Officer-Miss A. Slattery, B.A. 
Clerical Assistant to Chairman-Mrs. N. Roberts. 
Clerical Assistant, Waite Institute-Miss J . 1,. Thomas. 
Local Secretary, Canberra-R. F. T;I.Tilliams. 
Clerk, Canberra-K. Prowse. 
Junior Assistant--8. Young. 
Clerk, Division of Animal Health and Nutrition Head-quarters, Melbourne-- 

H. T. Chadwick. 
Local Clerical Officer, Sydney-H. II. TVilson. 

2. SECRETARIES OF STATE COMMITTEES. 
New South Wales- 

Mrs. N. Roberts, 906 Culwulla Chambers, Castlereagh-street, Sydney. 
Victo~ia- 

G. A. Cook, M.Sc., B.JI.E., A.A.C.I., 314 Albert-street, East Melbourne. 
Qz~eensla~zd- 

Miss I-I. I?. Todd, Commonwealth Offices, Anzac-square, Brisbane. 
Suz~tll Australia- 

J. Ward \\'alters, Animal Nutrition Laboratory, University of Adelaide. 
Western Australia- 

L. W. Pldllips, M.Rc., A.A.C.I., Technical College, St. George's-terrace, Perth. 
Tasrnania- 

3'. J. Carter, c/o. Premier's Office, Hobart. 

3. AUSTRALIA HOUSE, LONDON. 
Representative in Britain-B. L. Mcl)oogall, C.M.G. (part-time). 

4. DIVISION OF PLANT INDUSTRY. 
At Canberra- 

Adnzinistration- 
Chief-B. T. Dickson, B.A., Ph.D. 
Librarian (part-time)-Miss F. Stops, B.A. 

Pathology- 
Senior Research Officer-H. R. Angell, B.S.Agr., M.S., Ph.D. 
Assis.tant Research Officer-J. G. Bald, M.Agr.Sc., Ph.D. 
Assistant Research Oficer-VT. L. Geach, B.Sc. 
Assistant Research Officer-F. W. Hely, B.Sc.Agr. 
Assistant Research OfEcer-W. V. Ludbrook, B.Agr.Sc., Ph.D. 



Genetics- 
Senior Research OfTicer-J. R. A. McMillan, D.Sc.Agr., M.S. 
Assistant Research Officer-J. Calvert, M.Rc., F.L.S. 
Assist'ant Research Officer-I,. Corliill, B.Sc., N.Agr.Sc. 

. Technical Officer-S. G. Gray, B.Sc.Agr. 
Phn t  Introduction- 

Senior Research Officer-A. McTaggart, B.S. A., M.S.A., Ph.D. 
Assistant Research Officer-W. Hartley, B.A., Dip.Agr. 

Horticulture and General Botany- 
Research Officer-C. Barnard, 1) .Sc. 

Weeds Investigations- 
Senior Research Officer (part'-time)-G. A. Currie, B.Agr.Sc., D.Sc. 
Assistant Research Officer-A. B. Cashmore, B.Agr.8~. 
Assistant Research Officer--C. G. Greenham, M.Sc. 

Chemistry- 
Technical Officer-E. H. Kipps, R.Sc. 

Tobacco Investigations- 
Officer-in-charge, curing and testing-G. E. Marks. 
Technical Officer, curing and testring-G. H. Marks. 
Assistant Research Officer (Pathology)-A. V. Hill, B.Sc. Agr., M. Sc. 
Assistant R>esearch Officer-J. M. Allan, B.Agr.8~. 
Technical Officer (Genetics)-E. T. Bailey, B.&. 

At University of Xydney- 
Adviser on Chemical Problems of Tobacco Investigation-Professor J .  C. Earl, 

D.Sc., Ph.D., P.I.C. 
Assistant Research Officer (Chemistry and Tobacco)-A. J. Tow, B.Sc. 

At Moss Vale, New South Wales- 
Assistant Research Officer (Genetics)--K. L. Hills, B.Agr.Sc. 

At Grzfith, New South Wales- 
Assistant Research Officer (Weeds Investigations)-R. W. Prunster, B.Sc.Agr. 

At Queenshnd Agricultural High School and College, Lawes- 
Assistant Research Officer (Genetics)--C. 8. Christian, B.Sc. Agr., M. Sc. 
Assistant Research Officer (Plant Introduction)-T. B. Paltridge, R.Sc. 
Assistant Research Officer (Weeds Investigations)-R. Roe, B.Sc.Agr. 

At Xtanthorpe, Queensland- 
Assistant Research Officer (Horticultural Investigations)-L. A. Thomas, M.Sc. 

At Pitzroyvale, Central Queensland- 
Assistant Research Officer (Plant Introduction)-J. P. Miles, B.Sc.Agr. 

At Unicersity of Tasmania, Hobart- 
Senior Pathologist (Fruit Investigations)-W. M. Carne, F.L.S. (Seconded to 

Department of Commerce for fruit inspection work, London). 
Assistant Research Officer (Fruit Investigations)-D. Martin, B.Sc. 

5. DIVISION OF SOII,S. 
At Waite Agricultural Research Institute- 

Chief-Professor 3. A. Prescott, D.Sc., A.A.C.I. (part-time). 
Soil Survey Officer-J. K. Taylor, M.Sc., B.A. 
Assistant Field Officer-T. J. Marshall, M.Agr.Sc. (Abroad on Studentship.) 
Assistant Field Officer-G. H. Burvill, Y,.Sc.Agr. (vice T. J. Marshall). 
Chemist--J. S. Hosking, M.Sc. 
Chemist--A. Walkley, B.Sc., B.A., Ph.D. 
Chemist (Chenlical analysis by optical spectroscopic methods)-A. C. Oertel, M.Rc. 
Technical Officer-P. D. Hooper. 
Soil Blicrobiologist--T. H. Strong, B.Agr.8~. 
Assistant Field Officer-J. G. Baldwin, B.Agr.Sc. 
Assjstant Pield Officer-G. D. Wnblole, B.Agr.Sc. 
Assistant Field Officer-R. L. Crocker, B.Sc. 
Assistant Soil Survey Officer-B. E. Butler, B.Agr.Sc. 

At Commonwealth Research Station, Grl$ith- 
Assistant Soil Chemist--H. N. Efigland, B.Sc., A.A.C.I. (Seconded to New 

Wales Water Conservation and Irrigation Commission.) 
At University of Tasmania- 

Assistant Soil Chemist-C. G. Stephens, M.Sc. 



At Commonwealth Research Station, Grzjith- 
Liaison Officer-F. K. Watson, M.A., B.Sc., A.M.Inst.C.E., A.M.I.E. (part-time). 
Officer-in-charge-E. S. West, B.Sc., M.S. 
Chemist-A. Howard, M.Sc. 
Accountant (part-time)--D. Chalmers. 
Orchard Superintendent-B. H. Martin, H.D.A. 
Assistant Research Officer-R. R. Pennefather, B.Agr.Sc. 
Clerical Assistant-Miss A. Gralton. 

At Commonwealth Research Xtation, iwerbein- 
Officer-in-charge-A. V. Lyon, M.Agr.8~. 
Agricultural Officer-J. E.  Thomas, 15.8~. , B.Agr.Sc., B.V.Sc. 
Assistant Research Officer-D. V. Walters, B.Agr.Sc. 
Junior Research Officer-A. L. Tisdall, B. Agr.Sc. 
Technical Officer-J. E. Giles. 
Research OfTicer (part-time)-A. C. Ingerson. 
Research Officer-E. C. Orton, B.Sc., A.A.C.I. 

7. DIVISION OF ANIMAL HEALTH AND NUTRITION. 
At Melbourne- 

Chief-L. B. Bull, D.V.Sc. 
Administrative and Secretarial Assistant to Chief-A. J. Vasey, B.Agr.Sc. 
Chief Bacteriologist and Officer-in-charge-A. W. Turner, D.Sc., D.V.Sc. 
Senior Veterinary Officer (Mastitis 1nvcatigations)-D. Murnane, B.V.Sc. 
Senior Veterinary Officer (Bovine haematuria, Caseous lymphadenitis)-C. G,  

Diekinson, B.V.Sc. 
Senior Veterinary Officer (Pleuro-pneumonia)-A. D. Campbell, B.V.Sc. 
Research Officer (Caseous lymphadenitis Investigations)- A. T. Dann, M.Sc. 
Assistant Research Officer (Bacteriologist-Mastitis)-E. Munch-Petersen, M.Sc., 

I'h.B., M.I.F., P.L.S. 
Assistant Research Officer (Ba,cteriologist)-A. T. Dick, B.Sc. 
Technical Officer-Miss C. E. Eales, B.Sc. 
Technical Officer-Miss S. E. R. Clarke, B.Agr.Sc. 
Biological Assistant-Miss J. Maclean, B.Sc. 

At F. D. JlcMaster Animal Hecrltlz Laboratory, University of Sydney- 
Acting Officer-in-charge-D. A. Gill, M.R.C.V.S. 
Senior Research Officer (Geneticist)-R. B. I<elley, D.V.Sc. 
Research Officer (Parasitologist)-G. Kauzal, D.V.Sc. 
Research Offlcer (Parasitologist)-H. McL. Gordon, B.V.Sc. 
Research Officer (Footrot, Caseous lymphadenitis, Parasitological Investigations 

in field)-W. I. B. Beveridge, B.V.Sc. 
Assistant Research Officer (Chemistry of Wool)-M. R. Freney, B.Sc. 
Assistant Research Officer (Physiologist3)-R. H. Watson, B.Sc.Agr. 
Field Officer-N. P. Graham, R.V.Sc. (Seconded to Australian Pastoral Research 

Trust). 
Veterinary Field Officer (Fertility of Sheep Investigations)-H. E. B. Shaw, 

B.V.Sc. 
Technical Officer-E. Parrish. 
Assistant Technician-H. h1un.z. 
Technical Officer (Statistics)-Miss H. A. Newton-Turner, B.Arch. 

At Animal Nutrition Laboratory, Unive~sity of Adelaide- 
Chief Nutrition Officer and Officer-in-charge-H. R. Marston. (On leave abroad.) 
Acting Officer-in-Charge-M. 1,. Mitchell, M. Sc. 
Chief Assistant-J. Ward Walters. 
Senior Research Officer (Metabolism)-E. JV. Lines, B.Sc. 
Assistant Reseaach Officer (Chemist)--R. G. Thomas, B.Sc. 
Assistant Research Officer (Biochemist)-J. IV. R. Lugg, D.Sc., A.I.C., A.A.C.I. 

(On leave abroad.) 
Assistant Research Officer (Biochemist)--I, W. McDonald, B.V.Sc. 
Assistant Research Officer (Biochemist)-H. 0. Moore, B.Sc., up to 20th April, 

1937, thereafter vacant. 
Assistant Research Officer (Agrosto1ogist)-I). S. Riceman, l3.Agr.S~. 
Junior Research Officer-H. J .  Lee, B.Sc. 



Technical Officer-J. D. 0. Wilson. 
Technical Officer-P. C. Parr. 
Statistical Recorder-G. W. Bussell. 

At Waite Agricultural Research Institute- 
Assistant Research Officer (Mineral requirements and field work)-A. W. Peirce, 

B.Sc. 
At Palmerston North, New Zealand- 

Dairy Research Officer-W. J. WTiley, D.Sc. 

8. MINERAL DEFICIENCY OF PASTURES INVESTIGATION. 
At Waite Agricultural Research Institute- 

Assistant Research Officer (Chemist)-R. E. Shapter, A.A.C.I. 
Assistant Research Officer (Agronomist)-C. M. Donald, B.Agr.8~. 

I 
I . 9. DIVISION OF ECONOMIC ENTOMOLOGY. 

At Canberra- 
Administration- 

Chief-A. J. Nicholson, D.Sc. 
Librarian (half-time)-Niss P. Stops, B. A. 

Veterinary Entonzology- 
Principal Research Officer-I. M. Mackerras, B.Sc., M.B., Ch.M. 
Assistant Research Officer (Sheep husbandry)-.J. H. Riches, B.Sc.Agr., Ph.T). 
Assistant Research OfEcer (Blowfly Investigations)-Mrs. X. J .  Mackerras, 

M.Sc., M.B. 
Assistant Research Officer (Blowfly Investigations)-Miss M. Puller, B.Sc. 
Assistant Research Officer (Blowfly Investigations)-D. J. Lee, B.Sc. 
Assistant Research Officer (Biochemist)-F. G. Lennox, B.Sc. 
Technical Officer-D . L . Hall, Dip. Ag. 

Forest Entomdogy- 
Senior Research Officer-G. P. I-Ii11. 
Resea,rch Officer (Termite Investigations)- P. G. Holdaway, M.Sc., Ph.D. ' 

' Assistant Research Oficer (Termite 1rlvestigations)-F. J Gay, B.Sc. (On 
leave asbroad.) 

Technical Officer (Termite Investigations)-T. Greaves. 
Agricultural Entomolog?j and ~3fuseum- 

Senior Research Officer--A. L. Tonnoir. 
Assistant Research Officer-T. G. Campbell. 
Assistant Research Officer (Grasshopper Investigations)-T<. H. L. Key, M.Sc., 

Ph.D. 
At Mooroopna (Victoria)- 

Assistant Research Officer (Peach Moth Investigations)-G. A. H. Helson, M.,%. 
I n  Tl'estern Bccstralia- 

Assistant Research Officer (Earth Mite Investigations)-K. R. Norris, M.Sc. 
Weeds Investigations- 

At Canberra- 
Senior Research Officer-G. A. Currie, B.Agr.Sc., D.Sc. 

At Parnharn Royal, Bjtgland- 
Research Officer-S. Garthside, B.Sc.Agr., 31.8. 
Technical OMcer-H. T. Galsworthy, B.Sc. 

At Le Lavandou, F~ance- 
Assistant Research Officer-P. MTilson. 

At Pvalde, l'e.~as, LTnitecZ Xtutes of Bmerica- 
Assistant Research Officer-S. G. Kelly, M.S.(Agr.) 

Insecticide Investigations- 
At University cj j  Sydttey- 

Assistant Research Officer-J. S. Pitzgerald, Ph.D. 
I 

10. DIVISION OF FOREST PRODUCTS. 
At South Melbourne- 

Adfninistration- 
Chief-I. H. Boas, M.Sc., A.A.C.I. 
Deputy Chief-S. A. Clarke, B.E., A.M.I.E.(Aust.). 
Librarian and Records Clerk-Niss M. I. Hulme. 

F.s lSP -6 



Chemistry Section- 
Officer-in-charge-W. E. Cohen, D.Sc., A.A.C.I. (On leave abroad.) 
Assistant Research Officer (Chemist) (Acting Officer-in-charge)-A. W. Macltney, 

M.Sc. 
Assistant Research Officer (Chemist-Paper Pulp 1nvestigationls)-Miss T. iVl 

Reynolds, M.Sc., Ph.D. 
Technical Officer--A. G. Charles. 

Seicsoning Section- 
Officer-in-charge--C. S. Elliot, B.Sc. 
Assistant Research Officer-G. W. Wright, B.E. 
Technical Officer-J. 1'. Currie. 

Prese~uafiion Section- 
Officer-in-charge-J. E. Cummins, B.Sc., M.S., A.A.C.I. 
Assistant Research Officer-S. F. Rust, M.Sc. 
Assistant Research Officer-H . B. Wilson, B.Sc., A.A.C.I. 

Wood ,~ t ruch~re  Section- 
Officer-in-charge-H. E. Dadswell, M.Sc., A.A.C.I. 
Assistant Research Officer-Miss '4. M. Eckersley, M.Sc. 
Technical Assistant (part-time)-Miss J. Ellis. 
Technical Assistant (part-time)-Miss J. Galbraith. 

Tinzb~r  Mecl~aulics Section- 
Offleer-in-Charge-I. Langlands, B.E.E. 
Assistant Rcsearch Officer-R. S. T. Kingston, l3 .Sc., R.E. 
Technical Officer-A. L. Gunn. 

Tirnber Plysics Sectiow- 
Officer-in-charge--TV. L. Greenhill, M.E., Dip.Sc. 

Timber Utilization Section- 
Officer-in-charge-R. P. Turnbull, B.E. 
Assistant Research Officer--F. R. Hutchinson, B.Sc.For., M.N.Z.I.F. 
Assistant Research Officer-A. .I. Thomas, Dip.For. 
Assistant Resoarch Officer-JV. R. Ferguson, R.E. 

Computation Sect ion- 
Techriical Officer-H . Whitington. 

Maintenance Section- 
Techliical Officer-S. G. McNeil. 

11. COLI) STORAGE INVESTIGATIONS. 
At Brisbane Abattoir- 

Officer-in-chargc-J. R. Vickery, RI.Sc., P11.D. 
Research Offl rer (Biochemist)--H. W. I-Ticlis, B.Sc. 
Assistant Researell Officer (Biochemist)-W. A. Empey, B.V.Sc. 
Assistant Researell Officer (Rioc11emist)-W. J. Scott, l3.Agr.S~. 
Investigator-A. R. Itiddle, B.A., M.Sc. 

At  University of' Melbourne- 
Adviser and lrlvestiqitor-Associate-Professor W. J. Young, D.Sc. (part-t~rr~e). 
Research Officer (Biochemist)--S. A. Trout, M.Sc., Ph.D. 
Assistant 13cseari.ll 43fficer (Biochemist)-F. E. Huelin. B.Sc., Ph.D. 

At Departmerit of Agriculture, Xydney- 
Assistant Research Officer (Citrus Preservation)-L. J. Lynch, B.Agr.Sc. 

At Australia House, Lonclon- 
Assistant Research Officer-E. E. Holmes, B.E.E. 

At University of iWelbourne- 
Adviser-L. H. Martin, Ph.D. (part-time). 
Investigator-A. F. R. Nickson, B.Sc. 
Investigator-F. G. Nicholls, B.Sc. 

At University of Sydney- 
Research Physicist-I). F. Martyn, A.R.C.Sc., n.Sc., Ph.1). 
Research Phy sicist--G. H. Munro, M.Sc. 
Investigator-A. H. Miitton, R.E. 
Investigator- -W. K. Clothier, B.E., B.Sc. 
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13. ORE DRESSING INVESTIGATIONS. 
At University of Melbourne- 

Investigator-*J. G. Hart, B.Sc. 
At School of Mines, Adelaide, South Australia- 

Investigator-L. M. Abell. 
At School of Mines, Kalgoorlie, Western Australia-- 

Investigator-G. H. Payne, B.Sc. 

Mineragraphie Investigations- 
Investigator-F. L. Stillwell, D.Sc. 
Assistant Research Officer-A. Edwards, Ph.D. 

Fisheries Investigations- 
Officer-in-charge-H. Thompson, M.A., D .Sc. 
Adviser (part-time)-Professor W. J. Dakin, D.Sc., F.L.S., F.Z.S. 
Fisheries Officer-S. Fowler. 
Assistant Research Officer (Chemist)-W. G. Jowett, B.Sc. 
Clerk (Records, &c.)-R. D. Elder. 
Master of Fisheries Vessel-Captain A. Flett. 

Biometrics- 
At Canberra- 

Research Officer (in charge of Section)-Miss E'. E. Allan, M.A., Dip.Ed. 
At Melbourne- 

Assistant Research Officer-Miss M. Barnard, RI.A., B.Sc., Ph.D. 
4. Publications of the Council.-The following publications were issued by the Council 

during the year :- 

(i) Bulletins. 
No. 102-Studies of Selected Pasture Grasses : The Measurement of the Xerophytism 

, of any Species ; by T. B. Paltridge, B.Sc., and H. K. C. Mair, B.Sc. 
No. 103.-Wojnowicia grarninis (McAlp.) Xacc. and D. Sacc. in relation to Foot Rot 

of Wheat in Australia ; by W. V. Ludbrook, B.Agr.Sc., Ph.D. 
No. 104.-Investigations on the Occurrence and Inheritance of the Grass Clump 

Character in Crosses between Varieties of Triticum vulgare (Vill) ; by 
J. R. A. McMillan, B.Sc.Agr. (Sydney), M.S. (Cornell). 

No. 105.--Investigations on the Associated Growth of Herbage Plants. 
(1) On the Nitrogen Accretion of Pasture Grasses when Grown in 

Association with Legunies ; by H. C. Trumble, Jl.Agr.Sc., and 
T. H. Strong, B.Agr.Sc. 

(2) The Influence of Nitrogen and Phosphorus Treatment on the 
Yield and Chemical Conlposition of Wimmera Rye-grass and 
Subterranean Clover, Grown Separately and in Association ; 
by H. C. Trumble, M.Agr.Sc., and R. E. Shapter, A.A.C.I. 

(3) The Yield and Nitrogen Content of a Perennial Grass (Phalaris 
tuberosa) when Grown in Association with Annual Legumes; 
by H. C. Trumble, M.Agr.Sc., and R. E. Shapter, A.A.C.I. 

No. 106.-Investigations on " Spotted Wilt " of Tomatoes-111. Infection in Field 
Plots ; by J .  G. Bald, M.Agr.Sc., Ph.D. 

No. 107.-A Soil Survey of the Coomealla, Wentworth (Curlwaa), and Pomona 
Irrigation Settlements, New South Wales ; by T. J. Marshall, M.Agr.Sc., 
and Allan Walliley, B.Sc., B.A., Ph.D. 

No. 108.-The Basaltic Soils of Northern Tasmania ; by C. G. Stephens, M.Sc. 
No. 109.-The Variability of Plant Density in Fields of Wheat and its Effect on 

Yield ; by H. Pairfield Smith, R.Sc.(Agr.), M.S.A. 

(ii) Pamphlets, 
No. 65.-A Survey of the Sheep and Wool Industry in North-eastern Asia. With 

speciai reference to ~anchukuo,  Korea, and Japan ; by I. Clunies Ross, 
D.V.Sc. 

I No. 66.-The Sheep Blowfly Problem in Australia : Results of Some Recent 
Investigations ; by I. M. Mackerras, M.B., Ch.M., B.Sc. 



No. 67.-The Shrinkage of Australian Timbers. Part 1.-A New b1ethod of 
Determining Shrinkages and Shrinkage Figures for a Number of 
Australian Species : (Division of Forest Yroducts-Technical Paper 
No. 21) ; by TIT.  L. Greenhill, M.E. 

No. 68.-A Guide to the Seasoning of Australian Timbers, Part 2 : (Division of Forest 
Products--Technical Paper No. 22) ; by W. L. Greenhill, ACE., and A. J. 
Thomas, Dip.For. 

No. 69.-Observations on some Wool Samples from North-eastern Asia ; by H. 
Munz. 

No. 70.-Further Observations on Soil Erosion and Sand Drift, with Special lteference 
to South-western Qneenslond ; by F. N. Ratcliffe, B.A. 

(iii) Trade Circulars. 
No. 32.--Causes and Detection of Brittleness in Wood. 
No. 33.-Deterioration of Timber Caused by Fungi. Part 1 Decay. 
No. 34.-Sawing Bfethods. 1.-Quarter Sawing. 
No. 35.-Faults in Wooden Floors. 
No. 36.-Termites (White Ants). 
No. 37.-Kiln Instruments. 
No. 38.-Deterioration of Tirrtbcr Caused by Fungi. Part 2-Staining Fungi. 

(iv) Quarterly Journal. 
Vol. 9, No. 3, August, 1936. 
Vol. 9, No. 4, November, 1936. 
Vol. 10, No. 1, February, 1937. 
Vol. 10, No. 2, May, 1937. 

(v) Annual Report for the year ending 30th June, 1936. 

(vi) C.S.1.R.-Ten Years 01 Progress 1926--1936. 
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and in many other ways. In particular, it desires to make special reference to the help given by 
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to the contributions either in money or in kind provided by such bodies as the Australian Pastoral 
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the Australian Dried Fruits Control Board, and by other bodies, companies, and individuals. 
The Council also wishes to acknowleclge tlie assistance it has received from its State Committees 
and other Committees, the members of which have placed their knowledge and experience so 
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G. A. JULIUS, Chairman) 
DAVID RIVETT 1 Executive Committee. 
,4. E. V. RICI-IARDSON 

G. A. COOK, Acting Secretary. 
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EXECUTIVE. 
Sir George A. Julius, Kt., B.Sc., B.E. (Chairman). 
Sir Ilarid Rivett, K.C.M G., M.A., D.Sc. (Deputy Chairman and Chief Bxectctive Ojicer). 
Profe,isor A. E. V. Ilicllardson, M A . ,  D.Sc. 

CHAIRMEN OF 'STATE COMMITTEES. 
Professor R. D. Watt, M.A., R.Sc. (Nevi South WTales). 
Russell Grinln-ade, C. K.E., H.Sc. (Victoria). 
Profezsor H. C. liirhards, D.Sc. (Q~uxnslrind). 
T. E. Field (South A:~stmlia). 
E.  H. B. Lefroy (Western Australia). 
P. E. Icean1 (l',~srtl:~nia). 

CO-OPTED MEMBERS. 
Sir David Orme Masson, K.R.E., M.A., D.Sc., LL.D., P.R.S. 
Professor E. J. Goddard, 13.A., U.Sc. 
Professor R. A. W~oiirl~ff ,  R.Sc., M.R.C.V.S., M.R.C.S., L.R.C.P. 
G. S. Colnlan, C.H.E. 

STATE COMMITTEES (AS AT DOTH JUNE, 1937). 
NEW SOUTH WALES. 

Professor R. D. Watt, M.A., B.Sc. (Chairman). 
E. C. Andrews, B.A., F.G.S. 
Professor Sir Henry H. H~rraelough, K.H.E., V.D., B.E., M.M.E., &!I.Inst.C.E., M.1.Mech.E. 
Professor W. J. I>,?kin, D.8c. 
R. R. IIebblenhite, 13.E. 
C. 1%. Roskins. 
The Zion. Sir Norman Kater, Kt., M.L.C., M.B., Ch.M. 
P. Leverrier, K.C., H.A., B.Sc. 
J .  Nangle, O.B.E., F.1I.A.S. 
Sir Fredericli llcMaster, Kt. 
R. J. Noble, B.Sc.(Agr.), M.Sc., Ph.D. 
E.  1). Ogilvie, N.A. 
Professor T. (:. H. Osbl~rn, D.Sc. 
Profesior J. D. dtewnrt, 111 R.C.V.S., B.V.Sc. 
G. n. IXC)SS. 

Professor J. C. Earl, D.Sc., Ph.D., F.I.C. 
F. J .  JVallLer. 
Lieut.-Col. H, P. White, C.M.G., D.S.O. 

VICTORIA. 
Russell Grimwi~de, C.B.E., B.Sc. (Chairman). 
Ii. Perry. 
Professor W. E. Agdr, M.A.. D.Sc., F.R.S. 
W. Narnqwnnnth. 
Sir Heri1el.t 12' Gepp, Kt., M.Sust.I.M.M., M.Am.1.M.M. 
G. I). Kelly, 1,L.H. 
ProEes:,or JV. N. Kenlot, R.C'.E., M.Mech .E., M.1nst.C.E. 
Rn~eritus 1'rS)feusor SI: 'I ' lio~l~i~\ R. I,) le, \LA., 1>.Sc., F.R.S. 
Rrrleritus-1'1 ofessor Sir 1)aviJ Orn~e Mnsson, R.B.E., M.A., D.Sc., LL.D., F.R.S. 
EI. A .  h l~~l l r t t ,  13.Bgr.S~. 
F. J .  Hdc, fin., B.Agr.Sc., B.9c. 
W. R. \.Vailitvright, A.S.A.S.&I., M.Aust.I.M.RT., M.Am.1.M.M. 
L. J. Weatherly, M.A. 
Prof~isor H. A. JToodr~iff, Ij.Sc., M.K.C.V.S., M.R.C.S., L.R.C.P. 
Associatr-Professor W. J. Young, D.Sc. ' 

G. 8. Colma~l, C.B.E. 

T. E. Field (Chairman). 
E.  H. Bakewell. 
Professor Iierr Grunt, AI.Sc., P.1nst.P. 
It'. A. Rargreaves, M.A., H.C.E., D.Sc., F.I.C. 
J. R. Gosse. 
Professor T. H. Johnston, M.A., D.8c. 
Professor -4. J .  Perliins. 
F. T. Perry. 
Professor J .  A. Prescott, D.Sc. 
L. K. \iTrird, B. k., W .E , 19.8~. 
T. M. Hardy. 



QUEENBLAND, 
Professor H. C. Richards, D.Sc. (Chairman). 
Professor EI. Alcock, &I,-4. 
Professor L. S. Bagster, D.9c. 
J. D. Bell. 
A. E. Graham. 
J. B. IIenderson, O.B.E., P.I.C. 
T. L. Jones. 
Professor E.  J. Goddard, B.A., D.Sc. 
Professor J. K. Murray, B.A., B.Sc.Agr. 
Professor T. Parnell, M.A. 
W. L. Payne. 
Professor H. F. Seddon, D.V.Sc. 
R. Veitch, B.Sc. Agr., B.Sc.For., F.E.S. 

WESTERN AUSTRALIA. 
E. H. B. Lcfroy (Chairman). 
F. Q. Brinsden, M.I.M.?iI., M.Aust.1.M.M. 
Professor E. de Conrcy Clarke, R1.A. 
J. D. Hammond. 
P. I-I. Harper, B.A. 
S. L. Kessell, hI.Sc., Dip.For. 
A. L. B. Lefroy. 
Profrssor G. E. Nicholls, D.Sc., A.R.C.Sc., F.TJ.8. 
Professor J .  E. Kichols, M.Sc., Ph.D. 
Professor A. I). Ross, hl.A. ,  D.Sr., F.R.S.E., F.1nst.P. 
E. S. Simpson, Jj.Sr., H.E. 
G. L. S:~tton,  11.S~. 
Profc:,sor 11. E. Whitfeld, C.B.E., B.A., R.E., M.I.M.M., M.I.E.Aust. 
Professor N. T. M. Wilemore, n.Sc., F.T.C., M.1.Chem.E. 

TASMANIA. 
P. E. Iicarn (Cl~ai~rnar~).  
N. P.  Booth, F.T.C. 
Professor A .  Burn, M.Sc., B.E. 
F. EI. IToster, M.IT.d., H.M.E., A.M.I.E.Anst. 
Profcqsor A. L. Mchn!:~y, M . A . ,  B.Sc., Ph.Z)., F.1nst.P. 
D. 0. Mercditlr, A.Inst.M.M., M.I.E.Aust., M.A.C.S. 
A. K. Mv :aw, C.M.G. 
W. I?. MaelJean, M.I.E.Aust. 
F. H. Pencock. 
The Hon. R. 0 .  hhootwidge, N.L.C. 
S. W. Steane, B.A., F.R.G.S. 
F. R.  Ward. 

COMMONWEALTEI IlESEARCH STATIONS, MERBEIN -4ND GRIPFITH-COMMITTEE OF CONTROL. 
Professor J. A. Prescott, I).Bc., Waite Apricultural Research Institute, Uni\ ersity of Adelaide (Chairman). 
B. T. Ijickson, 73.A.. Ph.l)., Chirf, Division of Plant Iritii~stry. C.S.T.R. 
A. L. .fohnstone, Corrinionwenlth Dried Prilits Control Hoard. 
P. Mrtlloch, Commonwealth Dried Fruits Control Board. 

CO~IMON\T'E-4l~TII RESEARCH STATION, MERBEIN-ADVISORY COMMITTEE. 
D. C. Winter~~ot to~n,  illildura Packers' Association (Chairman). 
4. R. blcConchie, State Ri\ e1.s and Water Supi)lq- Comr~~ission, Red Cliffs, Victoria. 
A. Lever, Slildura Shire C'o ncil. 
A. V. Lyon, M..A,.r.Sc., ("onlrnon~vealth Research Ftation. Mrrbein 
F. K. Watson, M.A.,  R.Sc.(Agr.), B.Sc., A.M.I.C.E., Water Conservation and Irrigation Commission, Qriffith, New 

South Wales. 
J. A. Lockliead, Rlildura Shire Council. 
A. E. Cameron, Itcd Clifis Settlement. 
J. Gordon, Citrus Growers' Association, Merbein. 
W. Heaysman, Cardross, Horticuliu~al Society. 
L. W. Andrew, Wnilierie, South Anstralia. 
0. Wcste, Ttcnirlnrri, 8011tli Australia. 

COMMONWEALTH RESEARCH STATION, GRIFFITH--BDTTISORY COMMITTEE. 
F. K. Watson, M.A., B.bc.(Agr.), G.Sc., A.M.I.C.E., Water Conservation and Irrigation Commission, Griffith, New 

Souti-, \V.jlcs (Chaz~7rza~a). 
A. G. Kubank, hlurrulnbidgee Irrigation Rice Growers' Co-operative Society. 
A. V. Lpon, M.hgr.Sr,., Comnionnealth Research Station, Merbein. 
T. T. RIorley, Gr~ffith Producers' Co-opclratire Co. Ltd. 
L. J. Rydon, 1-enda Producers' Co-operative Society Ltd. 
E. S. West, B.Sc., M.R., Commonwealth Research Stcttion, Griffith. 
V. C. Williams, 3lurrunlhidgee Irrigation Areas Research Bureau, Griffith. 



CITRUS PRESERVATION TECHNICAL ADVISORY COMMITTEE. 
J. R. Tickery, M.Sc., Ph.D., Section of Food Preservation and Transport, C.B.I.R. (Chairman). 
Associate-Professor W. J .  Young, I).Sc., University of Melbourne. 
E. 8. West, B.Sc., M.S., Common~vealth Research Station, Griffith, New South Wales. 
C. G. Savage, Director of Fruit Culture, Depzrtment of Agriculture, New South Wales. 
R. J. Renton, Fruit Instructor, Department of Agriculture, New Soutl~ Wales. 
P. M. Read, M.Agr.Xc., Chief Inspector of Horticulture, Department of Agriculture, Victoria. 
J. Hepburn, Manager, Government Cool Stores, Melbourne. 
A. G. Strickland, M.Agr.Sc., Chief llorticultural Officer, Department of Agriculture, South Australia. 

RADIO RESEARCH BOARD. 
Professor J. P. Madsen, R.E., D.Sc., Department of Engineering, University of Sydney (Chairman). 
H. I?. Rmwn, M.B.E., M.I.E.E., Postnlaster-General's Department. 
Professor T. 11. Laby, M.A., Sc.D., F.R.S., F.Inst.P., Department of Natural Philosophy, University of Melbourne. 

MINERAGRAPHIC COMMITTEE. 
Professor E.  W. Slreat~, D.Sc., A.R.C.Sc., P.G.S., Geology School, Uilivcrsity of Melbourne. 
W. E. Wainwright, A.S.A.S.M., M.Aust.I.M.M., M.Am.I.M.M., Australasian Institute. of Mining and RIetallurgy. 

FRUIT PROCESSING COMMITTEE. 
W. R. Jewel], M.Sc., Research Chemist, Department of Agriculture, Victoria (Chairman). 
A. V. Lyoo, M.A.gr.Sc., Commonwealth Research Station, Mcrbein. 
A. G. Striclrland, Chief IIorticultural Officer, Ilepartrnent of Agriculture, South Australia.. 
C. G. Savage, Director of Fruit Cnlture, Department of Sgriculture, New Routh Wales. 
D. Quinn, Department of Agriculture, Victoria. 
E. S. West, B.Sc., M.S., Commonwealth Resesrcll Station, Griffith. 

SUPERVISORY COMMITTEE ON WEEDS INVESTIGATIONS. 
B. T. Dickson, B.A., Ph.D., Chief, Division of Plant Industry, C.S.I.R. 
A. J. Nicholson, D.Sc., Chief, Division of Economic Entomology, C.S.I.R. 
G. A. Currie, B.Agr.Sc., D.Sc., Officer-in-Charge, Weeds Section, C.S.I.R. 

ADVISORY COMMITTEE RED-LEGGED EARTH MITE INVESTIGATIONS, WESTERN AUSTRALIA. 
E. H. R. Lefroy, Chairman, State Committee, C.S.I.R. 
Professor J. E. Nichols, M.Sc., Ph.D., University of Western Australia. 
L. J. Newman, F.E.S., Department of Agriculture, Western Australia. 
I. Thornns, Department of Agriculture, Western Australia. 
A. J. Njcholson, D.Sc., Chief, Division of Economic Entomology, C.S.I.R. 
L. W. Phillips, M.Sc., A.A.C.I. (Secretary). 

INTER-DIVISIONAL BLOWFLY COMMITTEE. 
L. B. Bull, D.V.Sc., Chief, Division of Animal Health and Nutrition. 
A. 5. Nicholson, D.Sc., Chief, Division of Economic Entomology. 
I. M. Mackerms, B.Sc., M.B., Ch.M., Division of Econoxnic Entomology. 

B.-COMMTTTEES CONCICENING MrORK I N  WHICH THE COUNCIL IS 
CO-OPER ATING. 

SCIENTIFIC PUBLICATIONS COMMITTEE. 
H. J. Sheehan, Secretary, Commonm-eaIth Treasury (Chairman). 
Sir David I t i ~ e t t ,  K.C.M.G., M.A., U.Sc., Council for Scientific and Industrial Research. 
W. G. Woolnough, D.Sc., Geological Atl-ciser to the Commonwealth. 

CATTLE RESEARCH ADVISORY COMMJTTEE. 
(For 2bwnsville Station.) 

E. E. D. White, Queensland United Graziers' Association (Chairman). 
J. L. IYilson, Queensland United Graziers' Association. 
F. M. Bell, Queensland United Graziers' Association. 
R. C. Philip, Qucensiand United Graziers' Association. 
N. Bourke, Queensland United Graziers' Association. 
E. W. Archer, Queensland United Graziers' A~sociat~ion. 
P. A .  Brown, Q~leensland United Graziers' .Association. 
Professor $1. C'. Richards, D.Sc., University of Queensland. 
A. E. Graham, Department of Agriculture and Stock, Queensland. 
A. H. Cory, M.R.C.V.S., Department of Agriculture and Stock, Queensland. 
Professor N. R. Seddon, D.V.Sc. 

C.S.I.R. ROOD PRESERVL4TION COMMITTEE-QUEENXIAND BRANCH. 
E. P. Sunners, Queensland Meat Industry Board (Cl~uirmrcn). 
Associate-Profrsr~r W, J. Young, D.Sc., Biochemistry School, University of Melbburne. 
J. R. Vickcry, hI.Sc., Ph.D., Fond Preservation and Transport Section, C.S.I.R. 
Professor L. S. Bagster, D.Sc., University of Queensland. 
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BRUIT PRESERVATION RESEARCH SUB-COMMITTEE. 
Professor L. S. Bagster, D.Sc., Department of Chemistry, Uni~e~bl ty  of Queenslnncl (Ci~airman). 
Associate-Professor W. J .  Yo~~ng,  D.Sc., Biochemistry School, University of I\lclhourne. 
H. Barnes, Acting Director of Fruit Cultr~re, Dcpartnleat of Agricllltrire and Stock, Queensland. 
T. E. Maloney, Cornnlissioner's Inqpector, Queensland Railv~~ys, Briihane. 
J. R. Vickery, M.Sc., Ph.D., Pood Preservation and Transport Section, C.8.T.R. 
C. G. Savage, R.D.A., Director of Fruit Culture, Department of Agriciilture, New Routh Wales. 
H. A. Stevenson, Banana Growers' Federation, New South Wales. 

ADVISORY COMMITTEE ON FRTJIT COOI, STORAGE INVESTIGATIONS. 
Associate-Professor W. J. Young, D.Sc., Biocheniistry School, Univerdy of Melbourne (CAairrnnr~). 
S. Fish, M.Agr.Sc., Department of Agriculture, Victoria. 
F. M. Read, I\I.Agr.Sc., Horticultural Division, Department of Agriculture, Victoria. 
J. R. Vickery, M.Sc., Ph.D., Food Preservation and Transport Section, C.S.I.R. 

COAST DISEASE COMMITTEE. 
L. B. Bull, D.V.Sc., Chief, Division of Animal Health and Nutrition, C.S.I.R. 
Professor J. A. Prescott, D.Sc., Chief, Division of Soils, C.S.l.13. 
H. R. Marston, Division of Animal Health and Nutrition, C.S.I.R. 
C. G. Dickinson, B.V.Sc., Division of Animal Health and Nutrition, C.S.I.R. 
R. H. F. McIndoe, M.R.C.V.S., Deputy Chief Veterinary Officer, Stock and Brands Department, South Australia. 

ADVISORY COlI1ClITTEE ON ORIENTAL PEACH MOTH INVESTIGATIONS. 
A. J. Nicholson, D.Sc., Chief, Division of Economic Entomology, C.S.I.R. (C/~nirman). 
F. M. Read, M.Agr.Sc., Chief Inspector of Horticulture, Department of Agriculture, Vi~t~oria. 
S. Fish, 11 Agr.Sc., Biologist, Department of Agriculture (Victoria), (Secretary). 
B. T. Willian~s, General Manager, Ardnlona Fruit Products Ltd. 
G. A.  II. Helson, M.Sc., Division of Economic Entomology, C.S.I.R. 

STANDING COMMITTEE ON AGRICULTURE. 
(Of Australian Council of ~lgriculture.) 

G. D. Ross, Under-Secretary, Department of Agriculture, New South Wales (Chairman). 
H. A. Mullett, B.Agr.Xc., Director, Department of Agriculture, Victoria. 
A. E. Graham, Under-Secretary, Department of Agriculture and Stock, Queensland. 
W. J. Spafford, Director, Department of Agricnlinre, South Australia. 
G. L. Sutton, D.Sc., Director, Department of Agriculture, Western Australia. 
F. E. Ward, Ilirector, Department of Agriculture, Tasmania. 
J. F. Murphy, Secretary, Department of Commcrce, Canberra. 
J. H. L. Cumpston, C.hI.(:., %l.I)., D.F H., Director-General, Department of Health, Canberra, Federal Capital Territory. 
Sir George Jalius, Kt., B.Sc., B.E. 

(Deputy Clmirman) 
1 Sir David Rivett, K.C.M.G., M.A., D.Sc. ~~~b~~~ of ~~~~~~i~~ committee of C.S.I.R. 

Professor A. E. V. Itichsrdson, M.A., D.Sc. 

MINING ADVISORY COMMITTEE. 
Sir David Rivett, K.C.M.G., MA., D.Sc., Council for Scientific and Industrial Research (Choirnaan). 
H. Herman, D.Sc., Electricity Commission of Victoria, bIelbourne. 
H. St. J. Somerset, Electrolytic Zinc Coy. of Australasia Ltd., Melbourne. 
W. E. Wainwright, Broken Hill South Ltd., Melbourne. 

Melbourne Sub-Committee. 
Professor J. N. Greenwood, School of Metallurgy, University of Melbourne (Chairman). 
W. Baragwanath, Dircctor, Geological Survey, Victorian Department of Mines. 
H. Hey, Electrolytic Zinc Co. Ltd., Melbourne. 
W. J. Rose, Commonwealth Tariff Board. 

Adelaide Sub-committee. 
L. Keith Ward, D.Sc., Director, South Australian Department of Mines (Chairman). 
li. W. Gartrell, Bonython Laboratory, South Australian School of Nines and Industries. 
Professor Kerr Grant, Department of Physics, University of Adelaide, South Austmlia. 
F. W. Reid, Principal, South Australian School of Mines and Industries. 

Kalgoorlie Sub-Committee. 
B. H.  Moore, D.Sc., Principal, School of Mines, Kalgoorlie, Western Australia (Chairman). 
F. G. Brinsden, Australasian Institute of Mining and Netallurgy, Western Australia. 
R. C. Wilson, Acting State Mining Engineer, Western Australian Depart~nent of Ilines. 
J. R. Hylton, Great Boulder Pty. Gold Jli~lev Ltd., Fimiston, Western Australia. 

TECHNICAL COMMITTEE--PASTURE PLANT IRIPRQVEbIENT INVES'l'IGATIOE;. 
Professor J. K. Murray, B.A., B.Sc.Agr., Queensland Department of Public Instruction. 
C. W. Winders, B.Sc.Agr., Queensland Department of Agriculture and Stock. 
J. R. A. McMillan, B.Agr.Sc., M.S., D.Sc. (with C. 8. Christian as deputy), C.S.I.R. 
Professor E. J. Goddard, B.A., D.Sc., University of Queensland, and 
B. T. Dickson, B.A., Yh.D., C.S.I.R., ex o$icio members. 
R. Veitch, B.Sc.Agr., B.Sc.For., F.R.E.S., Departrnent of Agriculture and Stock, Brisbane. 
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WEEDS INVESTIGATIONS--NEW SOUTH WALES COMMITTEE. 
A. H. E. McDonald, H.D.A., Director of Agriculture, New South Wales. 
E. Griffiths, B.Sc., Department of Agric~lt~urc, New South Wales. 
B. T. Dickson, B.A., Plr.D., Division of Plant Industry, C.S.I.R. 
G. A. Currie, B.Agr.Sc., D.Sc., Weeds Section, C.S.I.R. 

IRRIGATION INVESTIGATION COIfNITTEE FOR SOUTH AUSTRALIA. 
W. J. Colebatch, Assistant Director of Lands, South Australia (Chairman). 
A. G. Strickland, Chief Horticultural Instructor, Department of Agriculture, South Australia. 
A. V. Lyou, ll.Agr.Sc., Oficer-in-Charge, Commonn,ealth Research Station, Merbein, Victoria. 
C. M. Fowles, Superintendent of Irrigation, South Australia (Secretary). 

VITICULTURAL COMBfITTEE FOR NON-IKRIGATED AREAS. 
Chas. Russell, Dried Fruits Board for South Australia (Chairman). 
A. G. Stricklantl, Chicf Horticultural Instructor, Department of Agriculture, South Australia. 
A. V. Lyon, M.Agr.Sc., Cornmonwealth Research Station, Merbein, Victoria. 
W. N. 'l'wiss, Dried Fruits Board, South Australia (Secretary). 

MILDURB DISTRICT DRAINAGE COKMITTEE. 
R. F. McNab, State Rivers and Watcr Supply Corrlmission of Victoria (Chairman). 
A. R. McConthie, State Ris~ers aud Water Supply (:ommission, Red Cliffs, Victoria. 
H. H. II~~tchinson, Manager, First h'lildurn Irrigation Truut. 
A. V. Lyon, M Agr.Sc., Commonwealth Research Station, Blerbein, Victoria. 

COMMITTEE ON DRIED VINE FRUIT PROCESSING METHODS. 
A. V. Lyon, M.Agr.Sc. 
E. C. Orton, B.Sc., A.A.C.I. )Representing C.S.I.R. 
A. R. IIampton, BIildrlra Packers' Association. 
W. Heaysman, Merbein Advisory Committee. 
W. R. Jewcll, Victorian I)epnrtment of Agriculture. 

Growcrs' Representatives. 
8. R. Mansell, Nildura. 
A. R. McDougall, Merbein. 
A. P. Lochhc~d, Irymple. 
J. Moore, Red Cliffs. 
D. Taylor, Dareton, New South Wales. 
F. A. Meischell, Dareton, New South UTales. 
G. S. Fotts, MilcZura. 
K. H. 6. McCalInm, Red Cliffs. 

COMMITTEE ON KERANG-COHUNA IRRIGATION INVESTIGATIONS. 
W. R. Scriven, Kerang Scepage Investigation Committee. 
1,. C. Bsrtels, B.Agr.Sc., Senior Agrostologist, Victorian Department of Agriculture. 
F. Penman, M.Sc., Assistant Agricultural Rcsc;:rch Chemist, Victorian Dcptrtrnent of Agriculture. 
F. Rogerson (with II. B. Lincoln as deputy), Victorian State Rivers and Water Suppl?- Commission. 
A. V. Lyon, M.Agr.Sr., Conimon~vealth Research Station, Merbein. 

JOINT BLOWFLY CONTROI, COMMITTEE. 

( A s  a means of co-ordismtion of activities of New South Wales Departme.lzt of Agriculture and of C.S.I.R.) 1 

L. B. Bull, D.V.Sc., Chief, Division of Animal Health and Nutrition, C.S.I.R. 
A. J. Nicho!son, D.Sc., Chief, Division of Econoniic Entornology, C.S.1.R. 
W. L. Hindmarsh, M.R.C.V.S., B.V.Sc., D.V.R., Director, Glenfield Veterinary Research Station, New South Wales 

Department of -Agriculture. 
W. B. Gurney, B.Sc., F.E.S., Entomologist, New South Wales Department of Agriculture. 
I. M. Mackerras, B.Sc., M.B., Ch.M., Division of Economic Entomology, C.S.I.R. (Secretary). 
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