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COMMONWEALTH OF AUSTRALIA. 

Council for Scientific and Industrial Research 
FOURTEENTH ANNUAL REPORT (FOR YEAR ENDED 3 0 ~ ~  JUNE, 1940). 

I. INTRODUCTORY AND GENERAL. 
1. Gefieral.-The Council for Scientific and Industrial Research was established in 1926 

by the re-organization of the txisting Institute of Science and Industry. The powers and 
functions of the Council are define({ h j ~  the Scic~zce and Ijadustry Rccearch L4ct 1920-1039, and 
inclutle the initiation and carrjing ~ u t  of research in conilexion with, or for the pro,llotiaii of, 
primary and secondary industries ; the training of research worlrers ; the making of grants in 
aid of pure research ; the testing and standardization of scientific apparatus alrd instrumentp, 
and the carrving out of scientific investigaf ion R co~>n~cted with standardization ; and the 
establishment of a bureau of infornlation relating to scientific and technical matters. 

2. The War and the Council's Activities.-With the outbreak of war, the Council a t  once 
considered the steps which i t  could usefully take to re-orientate its investigations with a view 
to rendering assistance in as direct a way as possible to the war effort of the British Commonwealth 
of Nations. 

At first, and particularly in the case of those Divisions of the Council concerned with 
problems of primary industry, it was not easy to make an immediate change-over, but as time 
went on and as the national cffort gained momentum, it was possible to devote more and more 
attention to studies directly related to the nation's war requirements. Briefly, these studies 
have covered questions such as what Australian materials can replace materials previously 
imported from outside countries, but which by reason of the necessity of conserving foreign exchange 

- or for other reasons can no longer be obtained ; how best can Australian materials be used in 
new industries ; what can be done to reduce the difficulties caused by any particular damming 
up of Australian exports ; and what can be done to alleviate the difficulties caused by the general 
upset of normal conditions. Amongst the older Divisions of the Council, the Divisiori of Forest 
Products was particularly well placed to afford valuable assistance. For institnce, i t  has 
accumulated over the years a large amount of information concerning the properties of different 
Ailsttalian timbers, and thus was able to act as an immediate source of informa,tion of how to 
replace imports with local products and how best to use local tinlbers in the many 1w-w c~onstructions 
required for war purposes. It is also devoting much attention to studies of Australian timbers 
from the point of view of their usc in different parts of aircraft. In addition the Division's work 
on flax is proving of particular value a t  the moment, not only from an Australian but froin an 
Empire point of view. In the past, the United Kingdom and Australia have depended largely 
on European countries for the all-important flax which is so necessary in the procluction sf cordage, 
tarpaulii~s, and the lilte. One of the main difficulties confronting the industry, namely, the 
problem of economically retting flax straw, has been minimized largely as a result of the IXvision's 
work. In passing, it is of interest to note that the Council's work on paper pulp, which is still 
being continued by the Division of Forest Products, has been of particular value during the 
present crisis, for as a result of i t  three large industries have come into existence in Australia 
and are producing, respectively, writing papcrs, newsprint. and wrapping papers. 

The Division of Plant Industry is now looking into the production of medicinal plants 
in Australia and the production of diff'erent fibres, some from Australian indigenous plants. 
An interesting war-time problem which the Merbein Laboratory has solved concerns the supply 
of the necessary potash for the dipping of dried vine fruits. Potash is now difficult to obtain, 
but the Station has shown that the shortage can be overcome by extracting potash from vine 
prunings burnt in a particular way. The Fisheries Division is giving attention to the production 
of fish oils which are rich ill vitamins and are needed to replace the cod-liver oil that it is no 
longer possible to obtain from Europe. This Division is also looking into problems of the 
production of tinned fish in Australia. The Division of Economic Entomology is handling the 
problem of the wheat weevil, which may become serious with the damming up of wheat exports. ' The Division of Food Preservation and Transport is working on the drying of various foodstuffs 
with a view to their export in that condition and a consequent considerable saving of freight 
space. Particular attention is being given to eggs. 



So nlucll for a brief account of the war work of the first formed and primary industry 
Divisions of the Council. The recent extension of the Council irito the field of secondary industries, 
with the consequent formation of new Divisions, has also resulted in a consitlerable increase in 
tlie s-olume of the Council's war work. These Divisions, which are mentioned in the subsequent 
section, are all engaged on work either of direct defence value, as, for example, that of the Division 
of Aeronaritics and of the National Standards Laboratory, or of indirect value through the 
assistance they are affording manufacturing industries. 

3. Secondary I?aclustry Research.-Considerable progress has been made in the Council's 
activities on the secondary industrial side. The building in the grounds of the University of 
aydney to house the Australian National Standards 1,ahoratory is complete, and the equipment 
is now beginning to arrive from abroad. Two of the three senior officers of the laboratory have 
returned to Australia after tlicir visit to the National Physical Laboratory in England, and the 
third is expected at  an early date. Six others are still a t  Teddington, and further staff is steadily 
being appointed here. Active assistance is already being given to industry in the direction of 
the production and checking of gauges and in other ways. With the rapid increase of war 
requirements of all sorts, there has been a heavy demand for gauges and measuring equipment 
in general. 

The Division of Aeronautics went into its new building a t  Fishermen's Rend, Victoria, 
towards the end of the period under review, although the complete initial equi~ment of t'he 
laboratory ha,s not yet been received ; in particular the large wind tunnel for aerodynamical 
work will not be ready for some months to come. The Division is, nevertheless, actively engaged 
on a study of various problems confronting the Australian aircraft industry. 

Plans for a laboratory for the newly formed Division of Industrial Chemistry are now 
complete. The building is to be erected alongside the Division of Aeronautics a t  Melbourne, 
but it is not expected that the erection will be complete until some time in 1941. The nucleus 
of a staff for the Division has now been appointed, and the authorities of various existing 
laboratories have very kindly offered to accommodate these investigators for the time being ; 
some investigations are now being actively pursued in this way. The Division is already 
experiencing a considerable demand for its services on t,he part of different industries, and it is 
now deciding on its initial programme. It is proposed in the early years to make a commencement 
in the fields of indnstrial minerals, wool, leather and fellmongery, and dairy products. 

Finally, the Information Section is meeting an ever-increasing demand on the part of 
industry for assistance in problems arising very largely out of abnormal conditions caused by 
the war. The staff of the Section has recently been increased, and much information has been 
giver1 to Government organizations and individual manufacturers on methods of production of 
materials no longer readily obtainable in Australia, on thc use of Australian substitutes for such 
materials, and on many other matters. 

4. Pormation of Divisivns.-During the period under review the former Section of Food 
Preservation and Transport and the Section of Fisheries were given the status of Divisions. 

5. Prickly Pear Work.-The year under review saw the disbandment of the Commonwealth 
Prickly Pear Board, the independent body which for many years had been controlling the 
programme of prickly pear research in which the Commonwealth and the States of Queensland 
and New South Wales co-operated. It had been generally felt for some time prior to the 
disbandment of the Board that the prickly pear problem had been satisfactorily solved by 
the introduction of Cactoblastis, and that while there undoubtedly remained some aspects of the 
problem requiring scientific investigation, the necessary basis for effective control of the pear 
had been obtained. It was, therefore, considered that the carrying out of the actual measures 
of control could well be left to the State authorities concerned. With the dissolution of the 
Board, it was arranged tha,t the wliole of the Board's staff, except two officers who had resigned, 
would be taken over either by the Queensland or New South Wales authorities or by the Council. 
It was also arranged that the Council would continue the Board's former overseas work on 
Noogoora burr, and that the two States would continue the prickly pear work within their 
respective borders. An account of the Board's work is being prepared and will be published a t  
an early date. Thus ends the official life of a body which mas responsible for the fundamental 
information which led to the recovery in Australia of a province of some 60,000,000 acres. The 
Council would like to point out that while it was a partner in this outstandingly successful 
application of science, the work was not its own as is believed in some quarters, but was definitely 
the work of a partnership controlled by an independent Board representative of the 
Commonwealth and the two States concerned. Further, much of the success obtained has 
been due to the energetic way in which the State authorities concerned applied the Board's 
results. 



6. Head Ofice.-During the year, the land a t  314 Albert-street on which the Council's 
head office has been situated for many years was acquired by the Commonwealth, and further 
accommodation was erectcd on it. 1n this way, the former very serious congestion of the 
accounts and records work of thc office has been overcome. The new building also serves to 
house the Council's main library and the rtaff of the Information Section. 

7. .Finance.-The totad expenditure of the Council during the financial year 1939-40 was 
$304,933, of which $74,030 was contributed from sources other than the Commonwealtll Treasury. 
The Council is particularly gratified with the way in which the various contributing bodies continue 
to support it. Among the many contributions received, reference may be made to those of the 
Australian Wool Board, the Commonwealth Rank, the Australian Dairy Cattle Research 
Association, the Australian Pastoral Research Trust, the Dried Fruits Control Board, and the 
New South MTales Water C'on~ervatio~1 and Irrigation Commission. 

11. PLANT INVESTIGATIONS. 

1. G(nera1.-Reference was made in the previous report to the importance of pastures 
and to the Division of Plant Industry's commencement of work in the field of agrostology or 
pasture study. Since his appointment, the Senior Officer of the Agrostology Section has made a 
pasture survey of the Wakool and nearby irrigation areas, and is a t  present engaged in surveying 
the main pasture areas of Queeiisland with a -cie-\~ to determining what lines of effort are most 
likely to maintain and improve the carrying capacity of those pastures. 

Because of the fact that most of the weeds the Division is aslced to investigate affect 
agricl~ltural or pastoral areas, it has been arranged that the Council's wcrds investigations sllall 
be carried out ui~cler the aegis of the Agrostology Section dealing wit11 p;tsture prolnlerns. 

A conference of Commonwealth and State officers concerned with tobacco problems met 
in Vestern Australia in July, 1939. The meetings enabled t8hese officers still further to extend 
their knowledge of the general position of tobacco in Australia, and particularly the importance 
of Western Australia. A visit was made t o  Manjimup, the centre of the industry in that State. 

In  view of the possible need of having local supplies of certain medicinal drugs, arrangements 
are being made to grow them in Australia. The first need is to determine suitable climatic and 
soil conditions ; the Division has this work in hand. 

2. Plant Introduction.-(i) General.-During the year, just over 300 strains and species of 
plants were introduced for testing, including a number of fibre, medicinal, and drug plants. 
Plant Introduction Tnventory No. 7, which lists these, is being compiled. Samples of seed of 
137 plants were distributed to the several States, 344 to other Sections of the Division, and 226 
lots were sent abroad. 

(ii) Tests at Canberra, Australian  capita^ Territory.-At the Black Mountain Experiment 
Area, 300 rows of grasses and legumes were planted for initial trial, while a t  the Duntroon 
Experiment Station 140 multiplier rows and about 200 grass plots and a similar number of legumes 
were established. The growing season was dry between November and April, but a number of 
introductions remained green throughout, including Agropyrons, Bromes, El!ymus spp., Dnctylis 
spp., .lucernes, especially " Bolivian " and soy beans, notably " Virginia ". Following good 
rains in April, some introductions made very promising autumn growth, particularly Agropyrons, 
Elymus spp., Phalaris spp., a strain of cocksfoot, Iraq, Turltish, Bolivian, and Smooth Peruvian 
lucernes. The grasses Pestuca Jlairei, Phalaris ste.izoptera, strains of cocksfoot, and South 
American strains of lucerne continued to make very good growth during the winter. 

Examination of the persistency, productivity, and palatability of introduced pasture 
species was continued on the randomized plots a t  Duntroon ; the data will be compiled after 
the spring of 1940. Sward plots established for periods of five, six and seven years still had good 
ground cover with certain Pesluca spp., Ductylis glomerata v. hispanica, Phalaris stelaoptera, and 
Trifolium tumens. 

(iii) Tests at Lazoes, Queens2and.--A feature of the year's work was the establishment of half- 
acre block? of Brachiaria brizantha, Paspalum scrobiculatum, Urochloa pullulans, Panicum 
maximum, and Rhodes grass, the last as a control, to determine their value for ~razing. These 
four summer-growing grasses are deemed the most promising of the introductioils now being 
tried a t  Lawes. From a series of replicated plots subjected to grazing by sheep, i t  was evident 
that Paspalum scrobiculatum is extremely palatable, while on a yield basis Brachiaria brirantha, 
Dichanthiun nodosz~w, a selection of Panicurn masimum, Urochloa pullzilans, autl Paspalum 
scrobiculatum were placed in that order. 

b A number of soy bean varieties were subjected to test, and the best yields were given by 
late varieties such as " Charlee ", Haberlandt ", " Creole ", and " Georgian ". 

Regional trials of selected grass introductions were conducted a t  Caboolture, Brookstead, 
and Surat. 



(iv) Tests at " Pitxroycale ", Central Queensland.-Various legumes are under test a t  
" Fitzroyvale ", including hairy and smooth Peruvian lucerne, Lespedezas, Arachis, Glycine 
javanica and Stizolobium. Lespedeza stipulacea, after trials covering three years, is the most 
successful, and is the only Lespedeza to lrroduce seed satisfactorily. The outstanding legume 
is Stylosanthes guyanncnsis, which is tending to be known as " Brazilian lucerne "; it is being 
subjected to special study. It is strikingly promising a t  South Johnstone, where the officer 
in charge of the Queensland Tropical Researclr Station is carrying on trials. At " Fitzroyvale " 
it is a vigorous component of grass-legume plots, and can withstand grazing by cattle. Among 
grasses, Brachiaria (i~cumbens and Kenya No. 1 strain of Rhodes grass are the two most outstanding, 
and these, together with a number of other good types, are incorporated with 8. guyannensis 
in pasture plots for grazing trials. 

3. Pasture Plant Breeding.-(i) At Canberm.-The species being investigated a t  Canberra 
include subterranean clover, other annual legumes, cocksfoot, wallaby grasses, and prairie grass. 

Wit11 subterranean clover, the work is aimed a t  obtaining improved strains for the 
Southern Tablelands, and earlier flowering types for drier areas. The combination of early 
maturity with good autumn growth has not yet bcen achieved. 

Annual medics and clovers have becn collected extensively and examined to obtain types 
which would be suitable for areas too dry or too alkaline for subterranean clover. Some apparently 
promising material has been obtained and is ready for coniplete testing in the areas for which 
it has been selected. Extensive studies have becn made on the flowering and fruiting 
characteristics of the more important annual species of Medicago, and further investigations 
connected with iiitra- and inter-specific hybridization have been conducted. The problems of 
hard-seededness and dormancy have also received attention. 

Of the numerous strains of cocksfoot tested as single plants and swards, only two 
introductions, from the Mediterranean region, have proved satisfactory after three years of 
testing. A complete breeding programme has becn inaugurated with these two varieties, and 
already partly improved strains are being produced from material selected from them. 

The collection of seed of wallaby grass (Danthonia spp.) from all available sources has been 
continued. The necessary classification and seed increase of this material is being carried out, 
and preliminary observations are being made on the comparative behaviour of samples set out 
as single plants and sown pasture swards. An extensive experiment has been commenced to 
ascertain the capacity of three conlmon species to grow in association with various strains of 
seventeen species of legumes. Tlie problems associated with seed germination are also receiving 

i attention. 
The disease-resistant strains of Bromus produced by selection from certain of the many 

introduced samples examined have been grown with subterranean clover and tested under 
grazed sward conditions. 

(ii) At Lazces, &ueensl~nd.-During the p a ~ t  year, the breeding work has been concentrated 
mainlv upon the 1C1cdicago spp., chi~flp lucerne, and on Rhodes grass. The investigations on 
lucerne are directed tou~ards obtaining better hay and grazing types. Results obtained to date 
indicate that Australian hay types are a t  least equal to newly introduced varieties with respect 
to hay yield and plant survival. Under conditions of rotational grazing, hay types appear to 
be quite satisfactory, and they woultl doubtless be an advantage when sown with tall-growing 
grasscs. Four strains of Rhodes grass have been multiplied, and are being tested a t  six centres in 
Quecnsland, extending from the Atherton Tableland to the Darling Downs. Selections from a 
strain derived from Kenya appear to be most promising. The programme with Phalaris has been 
continued in a restricted form, but little progress has been made with native species, owing to 
lack of assistance. 

(iii) At Moss Vab, Nezu South Wales.-Pasture plant breeding work a t  Moss Vale is being 
conducted with the following ~pecies :-perennial rye-grass, cocksfoot, white clover, red clover, 
and subterrailean clover. JVitll perennial rye-grass there is evidence that certain selected local 
material call be used as the basis of a strain which will be superior in several important respects to 
the Hawkes Bay strains. Attempts are being made to modify Yictorian and Akaroa cocksfoot 
to obtain improved seasonal production. In white clover, Ladino and larger-leafed types 
appear most suitable, and a promising Italian Ladino is being mass-selected. In red clover i t  
is found that, under the conditions a t  the Station, the generally accepted, long-lived types, such 
as Montgomery Late, are actually less persistent than the normally acceptled, short-lived types 
of the broad red class. " Wcnigup " strain of subterranean clover shows prornise, particularly 
in regard to winter nroduction, and improved types are being sought. Tests with subterranean 
clover seed indicate that germination is controlled by two independent factors-hard-seededness 
and dormancy. 
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4. Pasture Investigations.-(i) *4t Canberra.-The Australian Capital Territory 1s 
representative of an extensive tract of co~intry that carries a relatively 1:lrgc rlurnber of sheep and 
produces some of the best fine merino wool in Australia. The object of the work a t  Canberra is 
t o  determine the most suitable methods of management of sown pastures and to learn rnore about 
the native Danthonia pastures. Attention is also being given to the improvement of deplctrd 
native pastures. 

Ten experiments are in progress. The first is to determine the potentialitics of a Phalaris 
tuberosa-subterranean clover pasture, the effects on the grazing animal and on the pasture of three 
different frequencies of grazing being studied in detail. 

Another experiment was undertaken to compare the effects of cultivation, superphosphate, 
seeding with subterranean clover, and combinations of these treatments, on natural Danthonia 
grassland. Already the necessity for surface cultivation and superphospl~ate for the successful 
introduction of subterranean clover has been demonstrated. Top-dressing of natural pasture with 
superphosphate gave a large increase in the ball clover, and cultivation alone promoted the growth 
of native grasses. In another experiment on thc effect of varying amounts of superphosphate 
per acre on subterranean clover, it was found that the superpliosphate did not cxert much 
influence on the actual establishment of the clover. The yield of clover was significantly increased 
as the application of superphosphate ~ ~ a s  iricreased from nil to 14 cwt. 

At the Iluntroon experiment area, a pasture species strain experiment is being made, 
in co-operation with the New South \lTales Department of Agrienlture. Strains of perennial 
rye-grass, Wimmera rye-grass, Italian rye-grass, Phalaris tz~berosr,, red, white, and subterranean 
clovers are being used. Survival of this year's severe summer drought was fairly satisfactory, 
except the red clover species. 

An attempt was made to determine whether six other pasture species could be incorporated 
into a DantZio~zin sward by surface cultivation. A high percentage of five of them died out owing 
to competition from the other, which was subterranean clover. 

Other experiments deal wit11 summer-growing and winter-growing grasses and legumes, 
the influence of the calcium carbonate and sulphate and gypsum oil ~ubterranean clover, and the 
influence of strains of Rhizobium on unthriftiness of luccrne. 

(ii) I n  Western Australia.-Work in Western Australia is concerned nlainlp with pastures 
in the 17-in. to 25-in. rainfall belt. The productivity and persistency of selected pasture species are 
being studied at  seven centres, from IlTalebing in the north to liojonup in the south. Stalling 
in subterranean clover, deterioration in TVimmera rye-grass swards, coinpetition by weeds such , 
as Erodizm botrys and capeweed, and the climatic range and value of lupins are the main aspects 
of the problem. Wimmera rye-grass proved to 1)e the most productive species during the ycar. 
Early subterranean clover was satisfactory a t  Ilialebing, and higher yields were obtained in 
association with grasses than alone. 

Variation in Ehrharta calycina Thnnb., lupins, clovers, and a i ~ l l u ~ ~ l  medics is being studied, 
and the vigour, yield, time of floweriilg, as well as taxonomic characters, are being compared. 
Blue lupins and subterranean c lo~~cr  arc also being studied from t11e point of view of their i~~flncace 
on soil fertility, the yield of IVimmcra rye-grass bcir~g o11.c of thc n~calis  of measuring their value. 
Expwi i l~~ t t s  are also being made on the influence of some of the major a11d minor elernents in 
relation to pastures in the unproductive areas of sandy soils north and south of Perth. 

(iii) I n  Que~nslazzd.--In the region west of the 25-in. isohyet, which may he classed as 
semi-arid, improvement of pastures by the use of sown species, except pcrhaps native grasses, 
is impracticable. These areas have suffered from poor grazing prad iccs and pasture rnanagclment. 
Precise knowledge of the species forming the pasture complex, and data to serve as a guide for the 
correct utilization of pastures in the different associations are required. With a view to obtaining 
these, experiments are now in progress on an area of 600 acres a t  " Gilruth Plains " to detmrnine 
the effect of different grazing systems on the yield and on the botanical and cliemical composition 
of the pasture, and records are being made of the floristic composition of thc major plant associations 
in southern Queensland and of pastures within those associations 

(iv) Irrigated Pastures.-At Wakool and Griffith, sur~liner-growing and winter-growing 
pasture mixtures have been sown on different soil types, and experiments to determine how best 
to use irrigation water to produce the maximum dry matter per unit of water are in progress 

5. Weeds Investigations.-(i) General.-The weeds being investigated are chiefly those of 
agricultural and pastoral areas, and the most likely means of controlling many of them is by the 
proper use of pastures. The investigations undertaken in the Division of Plant Industry have, 
therefore, been allocated to the Agrostology Section. 

(ii) At Canberra.-Physiological investigations have been continued, with a view to the 
determination of the concentration of organic and inorganic arsenicals required to kill deep-rooted 
weeds. The HGW ultra-micro method has been used in the analyses. For the determination of 
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labile carbollydrate in plant tissue, a micro-method has been devised, and analyses have been 
made of rraterial collected in the course cf life-history studies of nut grass and Cape tulip. These 
analysc s have given valuable information regarding the optimal stage of gro-\\-th a t  ~+-llich to attempt 
control. 

(iii) I n  New S ~ u t h  Wales.-Spraying experiments to control skeleton weed (Chondrilb 
juncea) were continued a t  Wagga. Unnsually wet conditioiis during October and November, 
1939, &re\-entcd the execution of projected work under weather corlditions approxin~ating those 
in previous dry years. However, spraying during those nlorltlls sho\vrd tha t  arsenic pentoxide, 
with or without special penetrating agents, was translocated in skeleton weed, even though 
there was not a water deficit a t  the time of spraying, some plants being killed to a depth of 20 inches. 
In  anotllir experiment a grcater killinq cffect was found to I)c associated with sprays in which 
the proportions of pentoxide to  salphunc acid were high. In  this vcar's trials, arsenic pentoxide 
was found to be more toxic than the trioxide, various tar  distillates, kerosene solutions of 
tetraethyl lead, or mercurated ethyl oleate. 

St. John's Wort (Hypericum pegforaturn).-A survey was made of the incidence of this weed 
in the district around Bludgee. There, as a t  Turnbarunba and in Victoria, it \iriis a prohlem only 
in the hilly country. Observations were made on the Tumhari~ml~a area, where i t  persists in the 
plots so+vn to  white clover, but lras apparently disappeared fro111 those sown to subterranean 
clover. 

Blacl~hery (Rubus ,fi.uticosus).--Good management of land has been shown to  be the only 
practicable means of controlling hlacl~berry elsewhere. Nevertllelcss, spraying experiments with 
a view to  controlling i t  in the Batlow district were contin~led. Thc re-g~o~vth following the initial 
application showed greater resistance to  succeeding applications of poisons. 

(iv) I n  &tieensland.-Experiments on the control of nut grass (Cyperus rotu~zdus) include 
rotation of crops, cultivation every three weelcs during the summer, the use of competing .plants, 
and poisons. The rotation experiment, in which cereals art. cropped in two scaPons, with intense 
cultivation of the soil in thc intervellinc periods, is now in its sccond year, and appears to promise 
well. Three othcr rotations are also in progress. I n  another experiment extending over four 
years. a competing grass, Sehima nervosuun nreatly reilr~ced the incidence of the nut grass. ' r! 
Unfc~ltunately, the grass does not seed in the cllstrict, and only small supplies from other sources 
are available. A more palatable grass map be inore suitable. Arsenic appears to be worse than 
useless against nu t  grass, because its use results in rnultiplicatioii of the corn~s and the destr~~ction 
of competing plants. 

Experiments in the control of galvaiiized burr (Russia Birchii) have been in progress for 
three years in the St.  George district. I t  is interesting to record that changes in t8he flora of the 
experinlental areas are already taking placc, ~pceies of past1u.p plants tha t  have ciisappeared 
for ycars again being seen in the exprrinlent paddocl;~. N o  rnorc trialt- of so~vn pastures are being 
made. Experiiiients with poi~ons are in progress. 

Jfinttvced (Salz3ici reflexa) appears in the l'itts~vortli Shire and surrountii~ig areas on country 
frcm which grass lias disappeared a s  a result of overstocl<ing. In  soale othcr plttcts, Urochloa 
ycnicoidcs appears naturslly and controls thc growth of thc weeti ; conscquently, cxperimeats 
are being made t o  determine its usefulne~s in the I'ittsworth Mlire. In cxperimeats in which 
stock was excluded, yio signifjcant results could be observed. Cultivation after every rain that  
is followed by germination of seed. or after 10 per cent. of the weed is flowering, appears to  reduce 
infestation considerably and lo  doul~le subsequent crop yield. The work is still in  progress. 
@rays eliminate the developing plants, but re-infestation from seed in the ground immediately 
follows. 

(v) 1 7 %  Victoria.-Hoary cress (Lepidiuril draba) is regarded a t  present as the worst weed 
in Victoria. Trials of the effect of sown pastures and of different cultivatiorl practices are in 
progress. These trials m7ill be of value not, only in their application to  the control of the weed 
but because of the better. understanding gained of cultivation practices and pasture mixtures 
suitable for the district. 

Spraying with poisons is also being tried ; the effects of different poisons, of different 
penetrating agents, of seasons, weather conditions, and t i n ~ e  of day, are all being studied. 

(vi) I n  M7ester.n Australia.-Wild turnip (Brassica toz~rnefortii).--Satisfactory weather 
conditions permitted the coliclusion of tlie spray trials made in co-operation with the Ilepartment 
of Agriculture, MTestern Australia ; 2 and 3 per cent. copper sulphate, also 5 and 7 &  pFr cent. 
sul~huric  acid, applied a t  1C)O Fllonx per acre, significailtly reduccd thc weed population, but 
did not significantly increase the wheat yields, probably on account of spray injury. A short 
account of the work is being pnhlished in the Journal of the JITestern A~~rtral ian Department 
of ,Qgriculture. 



(vii) I n  the 1rrl:qation Areas.-As the means of control of the bulr~rsh (Typha spp.) already 
reported have proved eminently satisfactory, no more ficltl work has heen clone. Pot experiments 
a t  Griffith on the effect of depth of watcr on the results of cutting the plants were completed. 

nepeated cutting off of the water reed (Phra,gmites communis) a t  ground level did not 
significantly reduce the population, but the size of the plants was affected. S~rccessful experiments 
were made with 5 and 15 per cent. sodium chlorate solutions, controlling the weed growing in 
dry soil and in water. Experiments to  ascertain the effects of various concentrations of sodium 
chlorate are in progress. Already the New South \ITales Water Conservation and Irrigation 
Commis~ioii has hegun spraying with a view to  controlling the reed on main canal banks. 

6. Horticultural Inv~stLtyc~tions.--Investigations have been continued in regard to  the 
non-parasitic and storage disorders of apples (Tasmania), deciduous fruit tree rootstocks 
(Stanthorpe, Queensland), problems of dried fgrape production (Merbein, Victoria), and of citrus 
under irrigation (Griffitli, New Somtls \ITales). An additional problem has also been undertaken 
in connexion with the growi11g of certain drug plants iR i2u~t;alia. 

A two-roomcd weatherboard and fibro-cement laboratory has been erected on the site 
of the experimental plots a t  Stanthorpe, and a five-roomed weatherboard laboratory is being 
built a t  Huonville in Tasmania. Tllr site upon which the Hllonvillc laboratory is being constructed 
was made available to the Council at a nominal rental by the Education Depnrtmcnt of Tasmania. 
Since the inception of tlic work in Tasmania in 1932, temporary laboratory accommodation has 
been providcd in Hobart by the University of Tasmania. The investigations a t  Stanthorpe, which 
were co~rnenced  in 1932, were previously carried out ~ m d e r  considcrahle difficulty owing to the 
absence of laboratory space and equipment. The facilities provided by the new laboratories 
will very materially assist in the efficient prosecution of research a t  these two centres. The progress 
of these investigations is described below. 

(i) 1% Tasmania.-To assist the apple industry in adopting the most efficient method of 
harvesting and storing fruit to  avoid wastage during the pel iod of short shipping and refrigerated 
space occasioned by the war, a pamplllet was issued this season in conjunction with the Department 
of Commerce. This pamphlet contained the main points of immediate practical value gathered 
from export experie1;ce and experiments in Tasmania, and recommendations for picking varieties 
for export and local storage. The programme of work has been re-orientated in several aspects, 
and particular attention has been devoted to the problem of increasing the efficiency of present 
cool storage practice and of increasing the life of fruit held in common storage. 

(a) Field Disorders.-The incidence of internal cork was low in 1939, and, as the borax 
treatment has become general horticultural practice, examples of this disorder were relatively 
uncommon. The effect of soil dressings of 4 to  2 lb. of borax per tree has lasted for four years. 
The incidence of trce pit was gt.~ierally low and was associated wit11 small fruit size. 

( h )  ,S!o.ragc Disorders in Normal Atmosphere.-Routine storage tests showed that,  in general, 
reduced frmt size due to  the dry wason was associatctl with a low incidci~ce of all disorders. 
Previous rcsults on their relationship were confirmed. Experiments concerned wit,h the cffoct of 
delay before storage on the incidence of disorders gave thc following results :--Pit in Cleopatra was 
significantly reduced when storage was delayed for two weelts, but in Cox's Orange Pippin results 
suggest that more pit develops when fruit is delayed for one week than with immediate storage, 
or with two weeks' delay. I n  Jonathan, delay of up to three weeks produced a marked increase 
in the incidence of Jonathan spot over immediate storage or one or two weeks' delay ; lenticel 
scald also increased with delay. Breakdown increased with delay in storage of fruit from one 
plot, and in fruit  from another plot was greatest wit11 immediate cool storage. 

There has been a significant correlation between the mean fruit size per tree and the amount 
of tree and storzlge pit developed in each of the past four seasons. Treatment with boron salts 
significantly rcduced the size of fruit and also the incidence of pit. Studies on the relation between 
the physiology and chemistry of the fruit, varietal climatic and edaphic factors, and keeping 
capacity have been continued. Experiments again showed that  Cleopatra apples reach the same 
stage of maturity in mid-February in different Tasmanian districts. Differences in maturity are 
more closely associated wit11 local factors, such as crop and size and soil type. 

(c) Test with Methods (other than Cool Storage alone) to reduce the Incidence of Storatye Disorders 
and to increase Storage L<fe.-Pre-storage treatment with carbon dioxide has given inconsistent 
results in its effect on breakdown. Brown heart was induced in some varieties when mature. 
Colour change during storage a t  32' F. to 34" P. was retarded, and the intensity of red colour increased. 
The commercial value of the treatment is doubtful, except, perhaps, for certain low acid varieties, 
but mature or light crop fruit should not be so treated. No satisfactory results have been obtained 
by treatment with maleic acid, either incorporated in various types of oil wrap or in different dips. 
Results using a proprietary wax emulsion were more promising. There was a general retarding 



of the rate of colour change, and a reduction of pit, Jonathan spot, and shrivelling. No appreciable 
effect on the incidence of breakdown, deep sc:llcl, and lenticel scald was evident. As a means of 
increasing the common storage lifr of frnit, this method may be valnnhl~. 

Proprietary box-liners proved to be harmful in one case, and of no advantage in the other. 
The method of storing Jonathans a t  higher temperatures before transferring to  a low temperature 
was tested. Results so far indicate that the incidence of breakdown and deep scald was reduced, 
while that of Jonathan spot was generally increased by the treatment. 

(d) Storage Disorders in  Artificial Atnzospheres.-The disorders of brown heart, alcoholic 
poisoning, and brealtdown, associated with gas-stored fruit, are more marked with any delay in 
storage. The variety 8turrner is the most suseeptiblr, Prrnch Grub next ; llTorcester Pearman 
and Jonathan are very resistant. Fruit from trees bearing light crops is most susceptihle to brown 
heart, and there is evidence which suggests that  fruit from some soil types is more susceptible 
than frnit from others. Ilatare frnit of Sturmer in continuoas storage for ten weehs may develop 
symptoms in concentratio~~s of carbon dioxicle as low as 3 per cent., w11ile 6 and 9 per cent. may 
produce scl-cre loss. For shorter storage periods, severe brown heart may occur ill rilature fruit 
when held for ten days a t  9 per cent., and fruit picked six wec~ks earlier wonld be uninjured by 
15 per cent. carbon dioxide for fourteen days. With rapid accumulation under completely restricted 
ventilation for up to  ten days, the concentration of carbon dioxicle must rise to  nlore than 20 per 
cent. a t  38" F. or 43" IT. during that time befort. tllarnage is canset!. At room temperature, carbon 
dioxide concentration may accumulate to  a very liigl~ Icvcl (50 per cent.), except ~vi th innture 
fruit, for a short period witllout damage. 

(ii) I n  Quee?zsland.-In the apple and pear rootstock investigations, the greater part  of 
the work of propagating material for trial has been completed. The nlultiplication of only a 
few types for further trials of apple varieties on their own roots as compared with trees on root~tocks 
is in progress. 

Six nursery trials in which trees are planted 2 feet to 3 ft. 6 in. apart in rows spaced a t  
5 inches havc: been established. Jonathan is being tested on 14 different rootstocks, Delicious 
on 5, and Granny Smith on 19. Already some difierences are being noted, as, for example, tlie 
fact that  both Granny Smith and Jonathan trees on the rootstock Neidwctzkyana are very 
dwarfed. Other rootstocks are being used in the guard rows of these plots, and their performance 
is bcing observed. Sufficient pear stocks of four types have been produccd and budded to  
William bon Chretien and I'ackham's Triumph for a nursery trial. 

Two field trials have been laid down. The first of approximately 46 acres is to  test the 
performance of Jonathan and Granny Srnith upon the rootstocks btalling XVT., XII. ,  and I., 
Northern Spy, and seedling Pomine de Niege. A manurial trial of five treatments has been 
superimposed upon the rootstock trial in tJllis field. Both the (iranny Smit,h ant1 Jonathan trees, 
wl-~icli are now four years old, are larger on ,Il;llling XII .  tliarl on :tny otllc~r stock used in the 
experiinrnl. Tree size is illore variable on secclling I'onime tlc Kicgc, a l t l~o~igh the best 60 trees 
were chosen from 100 two-year-old trees in this stock in the nursery. The secoiid field trial of 
approximatcly 2 acres is to test the prrformance of Jonatllan npon the rootstocks Alalling II., 
lvory'b Double Vigour, and S4 (local selection). A yruning trial is to  be superilnposed in this 
field. 

Two experiments with double-worked trees have been commenced, using 1)elicious and 
Jonathan as top scion varieties, with Scarlett, Duke of ('larence, Uunns, Itmperor Alexander, 
Reinette du Canada, and Rymer as intermediate stem pieces. Three- anti two-year-old apple trees 
of some 28 varieties on their own roots were excavated, and the distribution of their root systems 
noted. 

(iii) I n  Irrigation. Areas.-The investigations concerned with the maintenance of health 
and vigour in citrus trees in the Ilurrumbidgce Irrigation Rrca and tlie irr-igntion settlenlents 
of the River Aiurray have been continued along the lines described in last year's report under 
this heading and also in the section dealing with the work of the Irrigation Research Station, 
Griffith. 

Seed of varieties which have proved niost satisf~~vtory as roolhtocks in overseas trials 
was imported, and, though germination was poor in many cases, good stands of seedlings of a 
number of types were obtained. Root cuttings were collected from eighteen trees of outstanding 
longevity and vigour in the Ilurrumbidgee and Murray River areas. Only partial success was 
attained in the propagation of these cuttings ; approximately 50 per cent. took successfully in 
the hot beds, and were planted in the nursery this season. Inquiries have indicated that  the 
rough lemon seed supplied from Norfolk Island (this is the rnain source of seed used for raising 
citrus stocks) is derived froin several distinct varieties and strains. Investigations in hand aim 
to  determine which variety and/or strain is most suitable for use as rootstocks. 



Inarching experiments have been laid down snccrssfully in nine citrus groves. In  these 
trials, new rootstccl;s of rough lemon and sweet orange. and in sonlc cases sour orange also, are 
approach-grafted to tire tronk of the tree. Othrr treatnlciits, sucli as rlehorning anrl pruning, 
have been con~bined with the inarching. It is desircd to  ascertain whether the replacement of 
the old root systc~m may be eff ected and an improvement in the condition of unthrifty trees thereby 
obtained. Studies of shoot and root growth liave been continued, by means of a root observation 
trench. Most instructive data have been obtained conceriiing root growth follo~ving a short period 
of waterlogging. B window in this trcilch allows continuoils observations of root growth 
throughout the season. 

Co-operation with the investigation of vine problems being carried out a t  Merbein has 
been continued. A n~icroscopical examination of buds from sultana vines in the Murray River 
Irrigation Settlement n7as again made t,his winter. Tl,c examination and subsequent estimate 
of fruit bud formation made last season was of considera1)le value to the vignerons in indicating 
the amount of bearing wood to  leave on the vines a t  pruning. 

(iv) Drug P1unts.--At the rcqnest of the illcdical Equipnlent Control Committee, an  
investigation of the of satisfactorily growing certain essential drug plants in Australia 
has been ~mdertaken. The chief drugs concerned are those obtained from the following plants :- 
Atropa be1 ladonlaa, Artcmcsia rnnrit inha, Cephctclis ipecncua~~ila, Claviceps ~ m l p r r ~ a ,  C'i~zchi~~ia spp., 
Datu~cl spp., Duboisin spp., Digitalis spp., Ihyoptcris Felix-mas, Ephedrn spp., Papaver somniferccm, 
Strophal~thus spp., and Str.ych~ros ~bua--cio?nica. Arrangemer~ts have heen made for the Universities 
of Melbourne and Sydney to test the plants grown for content of active principles. Preliminary 
steps have been tabrn to  obtain supplies of seed or propagating material of such of these plants 
as are not now prcsent in Australia. The investigation will irlvolvc trials with these plants in 
areas judged suitable for their production :LY~(I the establishment of stocks of propagating 
material of them. Substitute plants will also be sought. 

7. Wheat Investigations.-(i) Take-all and Root-rot.-Field experiments on take-all in 
wheat are now being made on three farms, of which two are in South Australia and one near 
Duntroon, Australian Capital Territory. The work in South Australia is being clone in co-operation 
with the Departn~ent of Agriculture, the TVaite Agricultural liesearch li?stitute, and Blessrs. 
Pearson and Sanders, of Brooker and Lowaldie rcspectively. The chief aim is to  determine 
whether the disease can be controll(itl by good farming methods. On account of drifting sand, 
the Lowaldie plots were sown to  pasture. On the 9-acre plot on the farm near Duntroon, the 
effects of fallowing, liming, and pasture rotations are being studicd. Chemical and physical 
analyses of the soil of this ficltl arc in progress. 

A plot experiment a t  ISlack i\lountain showed that  the pathogenicity of Ophiobolus 
graminis to  wheat was not affected by a concentration of sodium chloride in the soil sufficient 
to  depress the yield of uninoculated wheat by about 20 per cent., nor by small amounts of zinc 
or manganese salts addcd to  tllc soil. 

I n  the experiments in 5-gallon soil containers, significant numbers of severely tipped ears 
were obtained in plants grown in [mtreat id soil, to which were :zddetl nmoolits of calcium snlpbate, 
potassiurn, calciunl, and ~liagnesiurn carbonate, not exceeding the proportion found in some 
rnallee soils. I n  more than 20 other treatments only a few mildly affected ears could be counted. 
The symptoms were indistinguishable from those in dozens of fields in New South 1Yales. This 
is the second season in ~ v h i ~ h  uhite Iic~ads or a p p a r c ~ l t l ~  rclatrd syrrlptonls were obtained without 
contaminating t h e  soil with the organisms usually associated wiih root trouble. Nore extensive 
experiments are in progress. By way of contrast, it should be i i o t ~ d  that, although seedling blight 
has almost always resulted from contamination of the soil wit11 0. graminis and other organisms 
reputed to be associated with take-all in the field, the yrocll~ction of white Ileacis in exppriments 
wit,h those orgarlisrns has not been reportc-ri in this C O I L Y I ~ I ~  nor allroad. The Ilivision is therefore 
inclined to  the tentative view that white heads are exprrssions of pllysiological trouble associated 
with the chemical coinposition of the soil. 

Study of 0. gsarniflis is being continued. It was already reported that  eight single 
ascospores from each of three asci u7ere isolatecl, germinated. sub-cultured, and tested for 
pathogenicity. Segregation of two genetic characters is already evident in one of these cultures. 
A detailed study of the organism's growth factor and nitrogen and carbon requirements in artificial 
media is now almost cosnpleted. 

(ii) Yield.--For a number of pears, a wheat variety investigation was conducted, in order 
t o  obtain fundamental information which would be of value in selecting high-yielding plants in 
breeding prograrnmes which would also enable higher-yielding varieties to  be produced. Special 
attention was paid to  the yield attributes, ~iurnber of ears per plant, number of grains per ear, 
and average grain weight. The results show that,  irl general, these clzaracters are quite 
independent of one another. It shoi~ld be possible, therefore, to combine in one variety high 



14 

values of each of these attributes, and so produce Iiigher-yiclding varieties. Tllis is bein:: 
attempted now. The experinielit on growtll rate of ten varieties was repeated in 1939, and gave 
results similar to  those obtained in 1938, viz., that  there x7as no significant difference in growth 
rate as measured by dry weight increase. I n  a study to determine the cause of the large inter- 
plant variation in yield and yield attributes, i t  was shown that plants derived from large seed 3 

or seed of late maturity were able to develop a t  the expense of neighbours not possessing these 2 
characters. 5 

8. Tobacco 1nvestigatio~s.-The Division's programme of research on diseases and smolting 
quality is part of the co-operative work untlertalteu, in conj~mction with the States, under the terms 
of the Commonwealth Tobacco Grant niei~tioned in the previous report. All parties to  the grant 4 

have continued to  co-operate in the exchange of half-yearly progress reports, in conducting 
smoking tests on representative samples of tobacco, and in taking full advantage of the annual 
conference of tobacco officers to plan for the benefit of the industry as a whole. 

(i) Diseases.-(a) Downy ~1ildetu.-Seed-bed experiments involving the use of benzol, 
Solvesso compounds, and paradiclilorber~zeiie were col~ducted at Canberra. The most 
satisfactory results were obtained with benzol, but Solvesso I. was promising, and will he tested 
again next year. Paradichlorbenzene, which is reconunended in tlirh ITnitet.l States of America, 
and has been tried a t  Canberra for several seasons and in Victoria cluring 1938-39, did not prevent 
the spread of the disease. Its r e l a t i~~e  ineficicncy may be due to  the comparatively low 3 

temperatures experienced during the seed-bed season. Investigations on the relation of seasonal 
conditions to  occurrence and spread of downy mildew in tobacco fields were continued in the 
Ovens River Valley district of Victoria, but they were again unfavorable for the disease. 

(b) Yellow Dwarf.-The work was continued at Shepparton, Victoria, where two insect-free 
plant houses to  accommodate about 900 6-in. pots were erected and a field plot established. 
Most of the plants transferred from the plant houses to  the field became infected only during the 
second half of December, even though transplanting was done a t  two-day intervals, commencing 
20th October. This n7as in general aereernc.rlt with what occurred in fields in other parts of the 4 

State ; nevertheless, in the two previous seasons, infection appcareci to  take place about one 
mont,h earlier. Green jassids, canary-yellow jassids, capsid bugs, and Ilutherglen bugs, all of 
which were present in large numbers in diseased crops, failed to  transmit the disease. When 
brown jassids were used under similar conditions, typical syrrlptoms of yellow dwarf were obtained 
on a number of previously healthy plants. 

(ii) Chefnical Investigations.-Statistical examination of analytical data has shown tha t  
there is a relationship between some of the group constituents of tobacco leaf as determined by 
chernical tests, and quality as judged by sinoklng tests on the samples. Nevertheless, the chemical 
tests so far developed have not as yet provcd sufficiently satisfactory for the determination of I 

quality. The search for new and more satisfactory analytical methods was continued throughout 
the year. 

(iii) Physiological Studies.-As the quality of tobacco leaf is laigely determined by the 
chemical composition of the leaf a t  the tiine of piclting, a st;udy has beer1 made of the chemical 4 

changes that occur in the leaf througliout its clevelopment, the data being interpreted in terms of 
physiological processes. Particular attention has been given to  the study of factors determining 
the amounts present in the lcnf, a t  tinw of picking, of nitrogen compounds, sugars, and organic 
acids. The work has been concerned mainly with the cffect on quality of phosphorus supply, 
of topping, of low water supply, and of soil type. Tlie results indicat'e that ,  if environmental 
conditions are such as to  inhibit late growth, nitrogcn will tend to  remain in the leaves, and 
ripening will be delayed. Increased phosphorus supply rnay cause earlier ripening, but in excess 
it has a n  adverse effect on organic acid cor~t~ent. Topping increased the amount of dry matter 
per unit area in the leaves, especially in the upycr. ones, and also tlccressed the percentage water 
content. Plants with low water supply were small, high in nitrogen, and had deep green leavee 
which failed to ripen normally. Under good growing contiitions, good tobacco was produced 
on the heavy soil from Tamworth, New South Wales, but with low water supply quality was 
adversely affected. 

(iv) Smoking Quality.-Tobacco leaf samples representative of the 1938-39 crop have been 
received from all States, and also other samples for special tests. Thc rcsults of smoking tests, 
conducted in co-operation with the States, on representative samples of the 1935-38 crop from 
all States have been reviewed. These show that  each district produces some good tobacco, and 
that  sandy soils produce a bigger proportion of good tobacco than the heavier soils. However, 
the sandy soils of Yomonal, Victoria, South Australia, and northern Tasmania do not produce as 
good tobacco as that  grown on sandy soils in other areas. The leaf colour-grade within any one . 
type of tobacco is usually a good indicator of smoking quality, but  the brightest colour-grades -. 

-- 
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do not necessarily have the bcst smoking quality. Objcctionalnle aroma ancl immaturity are 
found in tobaccos produced urlder 1mfavora1)le climatic conditions and/or on soils unsuitable 
for the production of flue-cured tobacco. It is also evident tha t  the same type of tobacco is 
grown in more than one tlistrict, and that a number of different types of flue-cured leaf are grown 
in Australia. 

9. Potato Virus Diseases.-The effects of the more widespread viruses on most of the 
principal varieties of potato grown in Australia are now known : attention is being given, therefore, 
to  the transmission of the viruses by their insect vectors, to  the less well-known diseases, and to  
the symptoms on other varieties. 

" The most important of the lesser-known virus diseases of the potato is one which is probably 
related to, or identical with, the American " spindle tuber ". The name is derived from the most 
characteristic symptom-a decrease in cross-sectional diameter of tlie tubers in relation to  length. 
An attempt t o  establish this diagnostic feature of the disease on a quantitative basis has led to  
studies of tuber shape, and how i t  is determined during development and growth. It has been 
found that  there are three district phases in the growth of a tuber. These are manifested in (i) 
radial swelling near the tip of an underground stem tlue to  division of pith cells, and the formation 
of a tuber rudiment of a size and shape which are approximately constant for a vxsiety ; (ii) 
swelling of the rudiinent without alteration of its shape ; (iii) subsequent growth along the long 
axis a t  a faster rate than radially, so that  large tubers are riot nlerely expantled copies of small 
ones. Only one virus disease-spindle tuber-affects the orderly succession of phases, and i t  
appears to cause elongation of the tubers by inducing the transition from the second to the third 
phase while the tuber is smaller than corresponding tubers from normal plants. 

Preliminary field surveys a t  Canberra and by an officer of the Department of Agriculture 
in Victoria suggest that  the nlairl irlsect vector of potato virus diseases in Australia is the peach 
aphis, Myzus persicae. Greenhouse transmissiorl tests have shown its ability to act as a vector 
of viruses A, Y, and leaf roll under Australian conditions. These studies are being continued and 
expanded. 

Wilt Diseases qf the Potato.--Examination of wilt diseases of the potato in the tableland 
areas of New South Tales  revealed two types-one associated with the fungus Verticillium 
albo-atrum, and one with a Pusarium, probably P. oxysporum. Verticillium wilt has so far been 
found in the cooler areas, and Rusariurn wilt in the hotter areas of the tablelands. A field 
experiment with the Verticillinnl wilt showed that stem-end browning of the tubers was associated 
w ~ t h  wilted tops, but that i t  also often occurred in tubers of plants with normal tops, particularly 
if those plants were situated next in the row to wilted plants. Apparently, in Australia, as in 
other countries, Ve~ticillium 16160-atrum spreads by root colltact from plant to  plant through the soils. 

10. Vegetable Fibre Investi,c/ations.-(i) Linen.flux (Linurn usitutissirnurn).-In the experiment 
t o  determine what ~l i f fer t~~ces,  if any, are to  be expected from the various strains of linen flax 
now available, i\Ionarch and Lira1 VI., of which seed was obtained from Canada, gave very 
poor germination, and their straw weights were not considered in yield. The seed was sown 
a t  the low rate of 30 lb. per acre, and in order of yield of dese~ded straw, varieties stood as follows :- 
Stormont Cirrud, Storrulont, Gossamer, Lira1 Clroslrn Norfolk, ~ n c l  Liral Crown Egypt equal, Lira1 
4 Crown, Liral 9 l)ominion, Liral II., and J.W.X. all equal, Liral 11. Sussex and Ottawa 829C 
equal. Storlnont Cirrus yielded a t  the rate of 43 cwt. per acre, Ottawa 829C a t  22 cmTt. per aere, 
and the average, excluclil~g Moi~usch and Liral VI., was a t  3 7 . 3  cwt. per acre. Stormont Cirrus, 
which was the highest straw yielder, mas the lowest seed yielder, while Ottawa 829C was a high 
yielder of seed. 

In another experiment sown a t  a higher rate of seed (90 lb. per acre), the four strains 
Liral Crown Egypt, Liral Crown Norfolk, Stormont Gossamer, and Stormont Cirrus yielded 
respectively a t  the rate of 46.7, 50.4, 50.4, and 53.5 cwt. of deseeded straw per acre. In  a 
manurial experiment, using Liral Crown Egypt, Lira1 Crown Norfolk, and Blue Riga, phosphate 
increased the yield of deseeded straw and potassium decreased it. 

The Department of Botany a t  the University of Sydney is co-operating in flax and other 
fibre work, by carrying out aiiatomical studies designed to  ascertain what clifferences, if any, 
are characteristic of the strains of L. usitatissimum. In  addition, work is in progress there 
to  ascertain the characteristics of fibre from such plants as Urena lobata and Sida rhombifolia 
which make them useful or otherwise as substitutes for flax, hemp, or jute. 

I (ii) Urena Fibre.-By the co-operation of Mr. Schofield, of the South Johnstone Research 
Station, the Jlivision has a sample of stems of Urcncx; lobata growing wild in North Queensland, 
from which a crcarny, lustrons fibre has been obtained. 

(iii) Sicla Fibre.-The plant commonly known as Paddy's lucerne and sometimes as flaxweed 
or Queensland hemp (Sitla rl~m'~~bijolia) is a weed of the coastal hinterland from Sydney nortl~svards. 



(iv) Ramie.-Rootstocks of Rochmeria nivea, from which ramie fibre is obtained, were 
planted in the experiment area a t  Black Mountain, but recent frosts have cut them back 
completely. Plants welae seen near Innisfail, in North Queensland, but their growth was not 
as good as that of U r e ~ ~ a  lobata. 

(v) Other plants are being examined for fibre content and quality. 
11. Diseasts of Pine Trees.-(i) Needle Pusion.-In most cases, trees treated individually 

or in small groups with boron compounds showed signs of recovery the first season after treatment, 
but reverted to needle fusion during the second season, unless the treatment was repeated. 
Trees similarly treated with superphosphate usually did not respond until the second season after 
treatment, but their recovery appeared to be more lasting than that following boron treatment. 
The first experiments in which the above compounds were tested on a larger scale were destroyed 
by fire. To replace and extend these, broadcasting experiments on trees of various species and 
ages were begun a t  four plantations in 1939. Measurements of height or trunk diameter made 
just before treatment and one year later showed that broadcasting phosphates or boron compounds 
did not produce any significant growth-response during the first season after treatment, although 
signs of recovery from needle fusion were more apparent in the foliage of treated trees than in 
controls. 

(ii) Diplodia Die-back.-Inoculation experiments in Canberra plantations indicated that, 
although the fungus Diplodia pinea readily caused die-back of laterals and leaders on vigorous 
trees, the infections usually remained localized, and the tree as a whole was not seriously affected, 
unless weakened by unfavorable environmental conditions. 

12. Diseases of J4aixe.-At the request of the Victorian Department of Agriculture, an 
investigation of the root, stalk, and ear rot of maize was begun. Field methods of inoculation, 
and the pathogenicity of the fungi concerned, were studied a t  Canberra, and a number of self- 
pollinat,io~~s were made in commercial maize crops at  Bega, New South \Vales, with a view to 
their. possible utilization in breeding work. An inspection of Victorian maize crops was made 
in company with a State off~cer, and a joint report submitted. 

13. Take-all in Peas.-Experiments in co-operation with the Tasmanian Department of 
Agriculture, a t  the Cressy Experiment Farm, were repeated. As in the previous year, the 
application of superphosphate to the soil resulted in increase in yield ; nitrogen and potassium 
were apparently without effect ; copper, zinc and boron depressetl the yields. Further work 
is being done. 

14. Disease of Grape Vines.-A condition known to Murray Valley growers as " dying 
vines " was investigated. This trouble is usually associated with tillage injuries, and often 
occurs in soil which appears to be poorly drained. It may be partly due to invasion of the stem 
by weakly pathogenic soil fungi, but does not appear to be of much importance. At present, 
the only practicable remedy is to replace affected vines. Inoculation experiments with a fungus 
isolated from a number of affected vines gave negative results. 

111. ENTO&IOLOGICAL INVESTIGATIONS. 
1. General.-During the year 1939-40, marked changes have taken place in the Division 

of Econoniic Entomology, mliich by the end of the year had lost three members of staff who had 
been asaociated with it for more than ten years. Dr. G. A. Currie, who has led the Weeds 
Section for many years, resigned to accept appointment as Hackett Professor of Agriculture 
in the university of Western Australia. Last August, Mr. S. Garthside, who had been stationed 
in England for ten years, carrying out work on St. John's wort insects ailtl other problems, was 
drowned just prior to his intended departure for Australia ; he lost his life in a gallant attempt 
to rescue a bather in difficulties. In January, the Division suffered an irreparable loss by the 
sudden death of Mr. A. L. Tonnoir, an eizton~ologist of world-wide renown. In addition, 
Dr. I. M. Mackerras, who has led the blow-fly investigations since their inception, was granted 
military leave last January to take up a position where his knowledge of both entomological 
and medical subjects is specially valuable. MTith such staff changes, considerable modification 
of the organization of the work has followed, and since the outbreak of war the investigations 
have been directed even more definitely than before towards achieving results of immediate 
practical importance. Certain projects have been dropped, either tenlporarily or permanently, 
and new problems of immediate urgency, such as weevil infestation of stored grain, have 
demanded investigation. 

For many reasons the ideal method of controlling weeds is by means of their natural 
enemies, but unfortunately this is not always possible. For some years, the Division of 
Economic Entomology has been carrying out a large programme of work of this kind, but with 
little signs of success. However, during the year under review, lantana bugs have become 
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thoroughly established in many parts of North Queensland, where they appear to be exercising 
a real measure of control. A beetle introduced some years ago from England to attack 
St. John's wort has become extremely abundant a t  the point of liberation, where it is producing 
a devastating effect on this weed. It has now been spread to other areas in Victoria and New 
South Wales. 

A parasite introduced from the United States of America to attack the oriental peach 
moth has been observed to pass the winter in the field in the Goulburn Valley. As it is well 
adapted to Australian summer conditions, there is good reason to believe that it will become 
established. Advances have also been made on the chemical control side of the Division's work. 
A new blow-fly dressing and a repellent lamb-marking fluid show considerable promise. Further 
progress has been made with the control of termites, and particularly with the testing of the 
resistance of timbers, both untreated and chemically treated, against the attack of the most 
important pest species. Knowledge of the factors leading to outbreaks of grasshoppers and 
of those which influence the abundance and distribution of these insects has been greatly 
increased. Although of less immediate practical importance, work on the physiology of insects 
has produced results of outstanding interest which ultimately should assist in the development 
and application of insecticides. 

2. Insect Control of Noxious Weeds.-MTith the resignation of Dr. Currie early in the 
period under review, these investigations were linked with the Division's other biological control 
projects, and co-operation with the Division of Plant Industry was maintained through the 
Inter-Divisional Committee on Weeds Investigations. During the year, two officers working 
on Xanthium insects overseas, formerly on the staff of the Commonwealth Prickly Pear Board, 
were appointed to the staff of the Division. 

(i) St. John's Wort (Hypericurn perfomturn).-The most outstanding development during 
the year was the discovery that the beetle Chrysolina hyperici is established in the field a t  Bright 
(Victoria), where the beetles were found vigorously attacking the weed over an area of 
13 acres. Beetles imported from England were liberated a t  this site in 1934. Many plants 4 

had been destroyed completely, and native plants and grasses were gradually re-establishing 
themselves in this area. Periodic observations during the season have shown that C. hyperici 
aestivates during the hottest part of the summer and appears again in the autumn, when mating 
occurs. In the late autumn and early winter, eggs are laid on the young winter growth of 
St. John's wort. During the year large numbers of beetles were liberated a t  other places in the 
Bright district, and a t  places in the Mannus-Tumbarumba district, New S0ut.h Wales. This 1 

establishment of Chrysolina in the field is most opportune, as the present source of supply of 4 
St. John's wort insects, the Var district of the South of Prance, was hastily vacated by the Division's 

1 
officer towards the end of May. 

During the past season, efforts have been mostly concentrated on the study of Chrysolina 
in the field and on its distribution. However, in addition, a number of liberations of the root 
borer, AgviZus hyperici, were made in the Bright district. No further introductions of the moth 
Anaitis plagiata have been made, nor can further efforts be made a t  present to introduce the 
gal1 midge, Zeuxidiplosis giardiana. 

(ii) Lantana (Lantana camara).-In the previous report the establishment of an extensive 
and virile colony of lantana bugs (Teleonemia scrupulosa) near Atherton (North Queensland) was 
reported. During this year, lantana bugs have been distributed from this colony over a large 
part of coastal Queensland, north of Rockhampton, by officers of the Queensland Department 
of Agriculture and Stock, and liberations have been made a t  selected sites farther south. Under 
natural conditions, the rate of spread of the bugs is said to be approximately 1 mile per month 
in areas where colonies are firmly established. All stages of host damage, up to complete 
defoliation and death of the plants, have been seen. 

In Canberra, a stock of bugs has been kept, and large consignments have been sent to 
northern New South FITales and to Norfolk Island. Promising reports of a colony established 
near Casino were received, but it was unfortunately destroyed by a bushfire early in the year. 
Further supplies of bugs have since been sent to this area. There is also evidence to suggest 
that a generation of bugs has developed in the field in Norfolk Island, but defmite confirmation 
of this cannot be obtained until next year. 

(iii) Noogoora Burr-Xanthiurn spinosurn.-In Central and Southern India, a careful 
study has been made of insects attacking Noogoora burr in that country. The most promising 
insect so far discovered is a Cerambycid beetle, Nupserha antennata, but feeding tests show that 
it may attack certain plants of minor economic importance, e.g., sunflower, so it will not be 
introduced into Australia. A similar survey of burr-infested areas in Assam and Burma is now 
in progress. 
F.7888.-2. 
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Large numbers of the burr seed-fly, Emresta aegualis, were collected in the United States 
of America and sent to Queensland, where they were liberated in burr-infested areas. Officers 
of the Queensland Department of Lands have observed a second Australian generation of the 
seed-fly in the field. Sufficiently large numbers of the insect have now been liberated in Australia 
to give it every opportunity to become established if it finds conditions suitable. The 
phytophagous insects of Noogoora burr in Texas and the rieighbouring States have been studied 
very thoroughly, and last year extensive feeding tests were carried out with Dectes spinosus 
and Mecas saturnha. However, as they fed on sunflower, Jerusalem artichoke, and other members 
of the natural order Compositae, and as they also attacked Noopoora burr plants after seeding, 
these insects cannot be introduced into Australia. It has recently been decided to discontinue 
the investigation in the United States of America, as no further work can usefully be undertaken 
there. 

(iv) R a g w ~ t  (Seneciojacobaea).-No further insect enemies of this weed are to be introduced 
until results of certain experiments in New Zealand are known. 

(v) Nut Grass (Cyperus rotudus).-Arrangement5 have recently been made for one of 
the Council's officers returning from the United States of America to visit Hawaii in order to 
study the phytophagous insects of nut grass, and possibly transport them in sufficient numbers 
to Australia to enable tests to be made with them. 

3. Sheep Blow--y Investigations.-During the year, attention of the workers in Canberra 
has been concentrated on the study of attractants and repellcl~ts, an investigation of poisons, 
and basic work on the physiology of the maggot, and preparation and examination of dressings. 
The study of field strikes in the experimental flock has been continued, and much of the earlier 
work has been prepared for publication. Promising measures of possible practical value developed 
in Canberra are now tested under conditions of station practice a t  " Gilruth Plains", and are 
mentioned in the report of the Division of Animal Health and Nutrition. 

(i) The Experimental .Flock.-All field strikes in the experimental flock were recorded, 
and Lucilia cuprina was again responsible for the majority of st~ikes, being the only species involved 
in 77 per cent. of strikes, and present in, and probably the initial cause of, 96 per cent. of all 
strikes. The strike incidence of the whole experimental flock was 75 per cent. Under the 
same conditions, the Ulooloo sheep showed a high de6ree of insusceptibility to strike, the incidence 
being only 25 per cent. The importance of the tall as a starting point of strikes in otherwise 
insusceptible animals has been emphasized by the number of pure tail strikes-17 per cent. of 
total strlkes in the experimental flock. A lamb-marking fluid containing citronella has been 
developed, which reduced tail strike considerably (see below). 

Observations on the effects of the &Jules operation have been continued ; one group of 
ewes, from which the breech fold on the left side only had beer] removed, have been observed 
for three years. The chief points of interest which have emerged from this study are briefly (a) 
that the effect of the operation is permanent in the great majority of cases, and the earlier the 
operation is performed the better ; (b) that although some of the ewes definitely became plainer as 
they grew older, this was due more to a flattening out of the lateral folds than to any gross change in 
the medial folds ; (c) that the folds tend to move laterally in a small proportion of cases ; 
(d) that a definite reduction of strike on the left side occurred. 

(ii) Attractants and Repellents.-It was found that reliable results could be obtained when 
the following conditions were maintained in the insectary :-(a) a high population of flies which 
had been fed regularly on liver ; (b) sheep of the same age carrying fleeces of the same length 
and approximately the same general type. Most attention was paid to citronella oil, as this was 
shown previously to be a promising substance. When applied to the fleece around attractive areas 
(made artificially attractive by the application of a cotton-wool plug soaked in a solution of 
indole and anlmoniurn carbonate), citronella considerably reduced oviposition by Lucilin cuprincs 
in these areas. In tests carried out over a period of fifteen days, 50 per cent. solutions of citronella 
in liquid paraffin completely prevented oviposition. Although 10 per cent. citronella solutions 
allowed some oviposition, the numbers of egg batches were small compared with those laid on 
the untreated attractive areas. 

A practical development of this work has been the use of citronella solution as a lamb-. 
marking fluid. A cheap and effective citronella solution was prepared by dissolving 10 per cent. 
of the oil in a 10 per cent. aqueous soft soap solution. When applied to the breech area of lambs 
after tailing and castrating, citronella solutions significantly reduced the incidence of blow-fly 
strike on these areas during the subsequent period of healing. When diluted with an equal 
volume of water, it still conferred some protection. Thus, in a group of lambs treated with a 
5 per cent. solution of citronella, only 53 per cent. were struck, whereas 85 per cent. of the control 
group were struck during the nine days after tailing. The corresponding figures for the 10 per cent. 
solution were 15 per cent. and 58 per cent. struck for the treated and control groups respectively. 
Pull details of this work appear in the Council's Journal (Vol. 13, pp. 65-73). 



An attempt is being made to determine which of the constituents of citronella oil is 
responsible for its repellent qualities. Seven constituents have so far been tested, but none 
equalled the natural oil in its repellency. Preliminary tests have been carried out to determine 
whether a recently evolved American repellent and lethal fly spray containing " butyl mesityl 
oxide oxalate " would prevent oviposition by L. cuprirza on attractive areas ; they suggest that 
the repellent effect is initially of the same order as that of citronella, but that it is somewhat 
more lasting. 

(iii) Physiological Studies.-The artificial enriched medium, mentioned last year, has been 
extensively used for the aseptic cultivation of maggots for physiological investigations. It has 
been used for metabolism studies which have shown that maggots of Lucilia mprina excrete 
large quantities of ammonia. The rate of excretion increases rapidly during growth of the 
larvae, but ceases when they reach maturity. Apart from its direct bearing 011 the physiology 
of the maggot, ammonia production increases the susceptibility of a struck area to further 
oviposition, the extension of a strlke to adjacent areas on sheep, and the enzyme activity in a 
strike wound. 

The distribution of proteolytic enzymes in the gut of larvae of L. cupr i~a  reared on 
enriched medium was revealed by means of a new technique. The freshly dissected and 
subdivided gut was placed on heat-coagulated egg white and incubated a t  30" C. Protein breakdown 
was denoted by the formation of transparent areas. These occurred throughout the length 
of the midgut, and, occasionally, traces of activity were also detected in the hindgut. 

Studies of the absorption, accumulation, and elimination of the minerals copper, iron, 
and barium have been continued. It appears that the epithelial cells of the acid midgut form a 
mosaic in which the accumulation of certain metallic ions takes place. This work is designed 
to give an understanding of the mechanism of the action of inorganic stomach poisons. 

Iron and copper can be accumulated by larvae, possibly by virtue of the peculiar nature 
of the appropriate mid-midgut cells, in sufficient quantity to reach maturity on media poor in 
these elements. Iron is apparently not absorbed by the larva from the food after the midgut 
band of cells reaches saturation value. The toxic level for iron in the medium is, therefore, 
extremely high. The concentration of copper in larvae, however, is almost directly proportional 
to the concentration in the medium. On a protein-rich diet, such as the artificial medium, the 
larvae can reach maturity in the presence of high concentrations of copper (equivalent to 1 per 
cent. copper sulphate). The contact toxicity of copper solutions is also low. It seems unlikely, 
therefore, that copper will prove an effective poison for larvae of L. cuprina. Experiments 
showed that larvae which were able to reach maturity on copper-enriched media suffered a delayed 
toxic action causing a lowering of the percentage pupation and emergence. These tests also 
revealed that the enriched medium, while adequate for larval growth, seldom permitted more 
than 50 per cent. emergence of adults (cf. 95 per cent. or more from liver-fcd larvae). Addition 
of a concentrated, though impure, extract of vitamin A in fish oil increased larval growth rate, 
percentage pupation, and percentage emergence (to 80 per cent. or more). Larvae were fully 
grown after one and one-half days, and this finding may prove to be a considerable time-saving 
element by shortening the period necessary to complete toxicological tests. 

(iv) Toxicity Studies.-The main lines of these investigations outlined in last year's report 
have been followed this year, and papers dealing with three aspects of the work, stomach 
larvicides, contact larvicides, and the arsenicals, are now in the press. The following interesting 
points have been revealed :-(a) In stomach toxicity tests, poisons administered in the protein- 
rich enriched medium were less toxic than the same concentration of poison in the basal medium 
which contains 14 per cent. agar in place of egg white. (b) Of a series of dye-stuffs tested, 
methylene blue was the most toxic, and several compounds of the triphenyl methane class came 
next. The high toxicity of methylene blue is interesting in view of its structural relationship 
with the well-known inse~t~icide, phenothiazine. ( c )  Of the arsenicals, the arsenites are more 
toxic than the arsenates. This is probably due to the greater instability of the former, which 
is responsible for the liberation of soluble arsenic in the artificial media. It is not yet clear 
whether arsenic administrretl in an artificial medium is absorbed mainly through the cuticle or 
from the alimentary tract. (d) The thermal death point of larvae of Lucilia cuprina immersed 
in water for ten millutes is 47.5" C. (e) The proportion of pupae from which flies emerge varies 
with different poisons, and thus the relative toxicities of liquids will vary according to whether 
prevention of pupation or prevention of emergence is used as the criterion of toxicity. 

(v) Dressings.-The preparation of sheep blow-fly dressings follows naturalIy on the toxicity 
investigations mentioned above. So far, attempts to replace boric acid dressings with dressings 
containing other stomach larvicides have failed. Effective maggot poisons, such as chloracetamide 
and nicotine, exerted a systemic toxic effect on sheep, and the arsenicals, Paris green and 
calcium arsenite, produced severe local poisoning. Some arsenical sores failed to heal even 



within six months of applying the dressing. However, a new preparation, containing 30 per 
cent. of boric acid together with bentonite, tar oil, and wetting agent, sl~ows distinct promise. 
The special advantages of this dressing are cheapness and the easy availability of its components, 
the stability of the mixture, and its effectiveness in destroying maggots. I t  is completely bland, 
and wets the wool readily. If desired, the dry components can be supplied ready mixed to the 
grazier, who can prepare the dressing himself by gradually adding water and mixing to a uniform 
suspension before incorporating the tar oil. The dressing is now being tested under field conditions 
a t  " Gilruth Plains ". A few proprietary and amateur dressings have been tested during the year, 
but nothing of outstanding value has been submitted. 

4. Buffcclo-Jly (Lyperosia exigua).--Owing to the diffic~xlty of transport, no further 
consignments of Hister coenosus have been received from the JYest Indies this year. Overseas 
officers of the Division in the United States of America and Europe have made a preliminary 
study of the life-history and habits of the dung-fly, Scatophaga stenmaria, which is a general 
predator on the larvae of muscid flies. The results so far obtained suggest that Scatophaga is 
unlikely to be of use in controlling buffalo-fly. 

5. Blood Parasites of Cattle.-Pure strains of the protozoan parasites and the virus of 
ephemeral fever have been maintained in Canberra, and supplies of blood containing Anaplasrna 
ccntrale have been sent to Queensland for vaccine purposes when required. Samples of serum, 
together with material for antigen, have been sent to the Division of Animal Health laboratory 
a t  Parkville for an investigation into the complement ha t i on  test for ephemeral fever. 

6. Insecticides.-On the outbreak of war it became apparent that the overseas supplies 
of certain insect'icides might become irregular or even cease, and so a survey was made of the 
sources, supplies, and amounts required of the principal toxic materials used in Australia. On 
the whole, Australia is in a relatively satisfactory position, largely because she is almost self- 
sufficient in supplies of arsenic, but there are possibilities of shortages which, if they occurred 
in a season when insect pests were very abundant, might seriously affect the return of certain 
primary products. 

7. Orchard and Fruit Pests.-(i) Codling Moth (Cydia pornonella.)-In previous reports, 
mention has been made of the role of nicotine in codling moth control. During investigations 
of the possibilities of increasing Australian nicotine production, it was seen that very little 
fundamental knowledge is available regarding the solubility of nicotine in the presence of salts, 
though the process of salting out has been patented as an extraction method for the alkaloid. 
This solubility has been investigated, with the result that, though the study is still incomplete, 
sufficient data are now available to provide valuable information regarding the equilibria involved 
in separating nicotine by salting out. 

- 

A study of the mode of action of arsenicals has been undertaken and, as readily applicable 
methods have been devised in the Division for such studies on the larvae of the sheep blow-fly 
(Lucilia cuprina), this was the first test insect used. The investigation will be extended to codling 
moth larvae as soon as a satisfactory technique can be evolved for feeding tlie larvae with known 
amount's of poison. When using sheep blow-fly larvae, the method of analysis for arsenic recently 
described by Cassil and Wichmann in America was found to be very useful after slight modifications 
were made, resulting in the final stage of the determination being made calorimetrically using the 
starch-iodine reaction. The amount of arsenic in larvae which have received a toxic dose of 
sodium arsenite has been found to be about 0 .2  to 0 . 3  micrograms of arsenic pentoxide per larva. 
The work of tracing the seat of action of the poison is proceeding. 

(ii) Oriental Peach Moth (Cydia molests).-In the Goulhurn Valley in the spring of 1939, 
there was a low initial moth population following the intense heat-waves of the preceding summer. 
Although the number of moths increased in the first generation, there was a marked decrease in 
abundance i11 the second and third generations during January and February. This was probably 
caused by cool evening breezes in December and January, and early frosts in February which 
prevented the moths from laying their eggs. The moth population increased slightly late in the 
season, and quinces were very lightly infested. Infestation was low ( 5  per cent.) in the late 
peaches. In the small infested districts in the Slurrumbidgee Irrigation Areas, only a very small 
number of infested slloots were found in two orchards in the spring of 1939, and no moths were 
seen in the traps a t  any time during the season. 

- 

At the end of the 1938-39 season onlp small numbers of the American parasite Mclcrocentrus 
ancylico~us were recovered from one orchard after the heat-waves of the summer months. In 
the following spring, however, small numbers of parasites were recovered from this orchard 
before the release of any parasites this season. Thus M. ancylivorws survived the heat-waves 
during the 1938-39 summer, then successfully carried through the winter, and began breeding 
again in the spring. In the spring of 1939. further consignments of M. ancylivorus were introduced 
and released at numerous points throughout the Goulburn Valley. At the end of this season 



a good number of parasites were recovered from seven different orchards scattered over a wide 
area, indicating that M. ancylivorus was established a t  a number of points, and that it was 
breeding in the orchards. Its abundance increased markedly during the latter part of the 
season. Further parasites will not be introduced from America next spring, but an extensive 
survey of the district will be made to see where parasites have become established and whether 
they are spreading naturally. 

Much attention was given to the improvement of methods of breeding M. ancylivorus 
under laboratory conditions. 

8. Pield Crop and Pasture Pests.-(i) Loczcst Investigations.-(a) General.-As a result 
of the appointment of an additional research officer, it has been possible to carry out continuous 
field studies of t,he ecology of Chortoicetes terminift-ra in one of its main outbreak areas The new 
officer has a small laboratory at  Warren, New South WaIes, but most of the work is being done 
on Bundemar Station, Trangie, by the courtesy of Mr. E. I. Body, whose co-operation in many 
ways is deeply appreciated. Tlle work a t  Canberra has again consisted mainly of the analysis 
of data provided by the New South Wales Locust lnformation Service, and by the newly 
constituted Queensland Locust Inforniatioii Service. A paper setting out the results of the 
exaniination of the 1937-38 and 1938-39 outbreaks is now ready for publication. Since December, 
1939, monthly experimental forecasts of locust developments have been issued to a few interested 
persons. This work is being continued in an effort to reach greater accuracy and precision in 
forecasting. 

(b)  Iqforrnatiorz Xercices.-During the year, the Queerlsland Information Service came 
into operation. Reports are now being submitted somewhat earlier by the New South Wales 
Service to enable the monthly forecasts to be made in good time. In order to assist observers, 
especially in Queensland, to distinguish the six injurious species of locusts and grasshoppers 
occurring in Australia, a popular pamphlet has been prepared in which these are described and 
illustrated. 

(c) Analysis of Recent Outbreaks of Chcwtoicetes.-The conclusions reached from the detailed 
analysis of data on the 1937-38 outbreak provided by the New Soutl~ Wales Information Service 
havl been checked and extended by a similar analysis of the 1938-39 outbreak. The climatic 
conditions which are favorable for the development of the species have been defined with 
greater precision from these data. 

In addition to lower limits of temperature and moisture, below which development does 
not occur, there is also an upper limit of moisture which not only stops development, but is also 
fatal to all stages. All these limits are now fairly accurately known. Hoppers and fliers are 
killed if conditions remain outside the favorable zone for more than a few weeks, but eggs are 
capable of surviving unhatched for about three months under dry conditions (in the field) and 
for at  least five months under cold conditions. Thus the stage in the life-cycle which has been 
reached a t  the commencement of a period of drought very largely determines the effect which 
such a period will have on the populatjon level. The dates on which hatching and the other 
life-cycle stages occur in a given locality are primarily determined by the date on which the 
climatic conditions first became favorable, whether as a result of a rise of temperature or of 
soil moisture. 

The tendency for swarms to fly towards regions of higher humidity has a survival value 
a t  first, and tends-to prolong an outbreak by withdrawing the swarms from dry areas in the 
interior. Eventually, however, the same tendency leads to their extinction when over-moist 
conditions supervene in the invaded regions. 

The number of generations passed through by the locust population at  any place and 
in any season can now be estimated from monthly climatic data by means of a " climatic index ", 
which is the sum of all monthly mean temperatures over 57.5O P. (the threshold for development 
in terms of mean monthly temperature) occurring during the favorable months of the season. 
An index of 36.5 is required for one generation, 73.0 for two generations, and so on. Thus, an 
indication of the amount of breeding which has taken place in an outbreak area or other region 
may be obtained even when no swarms are present. 

The outbreak of 1939-40 provided an excellent illustration of the force of the climatic 
controls which have been referred to. During November and December, swarms wcre spreading 
south and east a t  such a rate that another widespread plague seemed likely. However, drought 
conditions over most of New South Wales, and heavy rains in the Darling Downs, wiped out the 
greater part of the infestation, and little damage was done. 

(d) Labwatory Work.-Experiments have now been started in four constant temperature 
rooms to determine the rate of development and mortality of Chortoicetes a t  different combinations 
of temperature and relative llumidity. The results should help to explain the climatic correlations 
which have already been obtained on the basis of field data. 



(e )  Ecologp of the Outbreak Areas.-Comprehensive field investigations are now being carried 
out in the Warren-Dandaloo outbreak area. Their object is to deternlinc more precisely what 
conditions of soil and vegetation n~ake tliese areas suitable for the prouuction of swarms of 
Clzortoicetes, and whether by appropriate measures these condit,ions could be modified and 
outbreaks prevented. Attention is also being paid to the effect of climatic changes on the locust 
population. Determinations of the locust population in a nunll)er of different habitats within 
the outbreak area are being made from time to time, as well as quantitative observations 
on the bahaviour of the locusts, their life-cycle, and their fecundity. Parallel quantitative 
estimations of micro-climate (especially temperature, relative humidity, and wind), soil factors, 
arld vegetation will provide the information needed to explain the observed distribution of the 
population. 

The greater part of the work has so far been carried out under drought conditions, during 
which the number of locusts in the area investigated has fallen to about one-fifteenth of the number 
present in November, 1939. It has been found that the insects are not uniformly distributed 
over the country, but tend to concentrate in comparatively small areas known as " concentration 
zones ". For adults these zones are usually located in slight depressions, and are characterized 
by the presence of comparatively tall tufts (2 feet to 3 feet) of grass or other plants, with 
more or less bare ground between them. The concentration zones for hoppers are somewhat 
different, and seem to be largely charactcrized, under dry conditions at  any rate, by the presence 
of green feed. In both cases. the zones apparently satisfy the rnorc important requirenients of 
the species, so that locusts reaching them from adjacent areas tend to remain. 

(ii) Red-legged Earth Mite (Hnlotydeus destructor).-During field surveys in Western 
Australia in previous years, attempts were made to estimate the damage inflicted by the earth- 
mite on subterranean clover pastures. Such knowledge was necessary to decide what expenditure 
on control measures was justified. As no definite conclusion could be reached from general 
observations, an attempt was made to determine the damage experimentally. Plots were sown 
with subterranean clover and were isolated by metal barriers smeared with creosote. Mite8 
were added to some, whilst others were kept free of mites. In the &st season, during which, 
however, the plots could hardly be compared with an established pasture, foliage yields of the 
subterranean clover were depressed by the heaviest mite attack to an extent which was just 
significant. The damaged plots were observed to wilt a t  the end of the season much earlier than 
those undamaged, and thus their growing period was reduced and production lessened. Seed 
yield of the clover was greatly reduced by the attack of the mite. Although very severely 
retarded in growth by heavy mite attack, subterranean clover seedlings were only rarely killed. 
Owing to the very dry conditions in the autumn of 1940, the clover on the plots stocked with 
mites suffered severely from their attack. The plants in the controls, however, remained healthy 
and far exceeded the attacked plants in growth. 

(iii) Pea Weevil (Brachus pisorum).-A large consignment of the parasitic wasp, Tr%aspzs 
thoracicus, was received from France and placed in quarantine in Canl,erra Prom this material 
1,640 parasites were sent to Western Australia, where they were liberated in three pea-growing 
areas. Subsequently, the wasp was recovered from one of these localities, which gives reason 
to hope that the parasites may become established in the field. 

9. Tcrmite (White Ant) Investigations.-As i t  is now ltnown that by far the greater part 
of the losses due to termite damage in Australia are attributable to the activities of spccies of 
the genus Coptotermes, and also that Eutelrncs cxiti~sus (the species hitherto studied and worked 
with) differs from Coptotermcs spp. in its food preferences and apparently to some extent in its 
susceptibility to poisons, the emphasis of the experimental and testing work has been changed, 
attention now being concentrated on Coptoterrnes. 

(ii) Laboratory Testing.-The most important development during the year is probably 
the successf-c~l adaptation of the standard laboratory-colony testing technique (developed with 
Eutermes exitiosus) to Coptotvmcs Zacteus. C. lacteus, though not as abuqdant in the neighbourhood 
of Canber1.a as E.  exitiosus, is a comnlon and widely ranging species. It is not as dcstructive 
ae its congener G. acinaciformis (Australia's principal pest termite), and this has to be talien 
into account when interpreting the results of tests carried out with the former species. The 
genus Coptoterrnes, however, comprises a group of very closely allied species ; and the belief 
that the results of tests with C. lacteus can be applied, in general, to C. acinaciformis has been 
supported by the data already obtained. The structure and size of Coptotermes mounds renders 
the separation of the termites more difficult than in the case with E. exiliosus. So far, it has 
not been possible to obtain as high a percentage survival (in colonies fed with the susceptible 
.Eucalyptus rqnans) a t  the end of the twelve weeks test period as is normal with E. exitiosus ; 
but the amount of wood eaten-about 25 grammes-is similar to that consumed by an equivalent 
weight of E.  exitiosus. (C. lacteus workers are smaller than those of E. ezitiosus, and the 6,000 
adopted as the standard population is equivalent in weight to the 5,000 of a standard laboratory 
colony of the latter termite.) 



During the year a nest of Coptotermes acinaciformis, taken from a living ironbark, was 
sent to Canberra from soutllern Qucensland, and was used to install a series of laboratory colonies, 
Apart from demonstratiulp that this species could bc used successfully for laboratory testing, 
if supplies could be arranged, the results obtained from these experimental colonies provided 
evidence that the destructive powers of C. acinaciformis are considerably greater than those of 
C. Zacteus and E. exitiosus, for upwards of 40 grammes of Eucalpytus rcgnofis was consumed per 
colony. 

Until laboratory tests with Coptotermes were a practical possibility, it was considered 
inadvisable to undertake a comprehensive testing programme with a view to determining which 
of the native timbers possessed a sufficient degree of natural resistance to termite attack to be 
employed in unprotected positions, for it was known that some tinibers which were resistant to 

1 E. exitiosus were liable to attack by Coptotermes, and vice vcrsa. A large-scale testing programme 
has now been launched, attention being centred chiefly on those hardwoods reputed to be usefully 
" durable ". Each timber is studied systematically, for the variation in the property of termite 
resistance, as well as its degree, have to be determined. The New South TVales and Queensland 
Departments of Forestry have given valuable co-operation in this work by supplying samples 
from trees grown in different districts. Nearly thirty timbers are being studied, some of t-he tests 
being of a preliminary nature. The long-term objective of this work is to prepare the way for 
the more efficient exploitation of the useful property of natural resistance possessed by many 
native timbers, which, if i t  could be achieved, should help to reduce the losses due to termite 
damage, particularly in certain types of buildings. 

In addition to the timber-resistance studies, the standard laboratory colony technique 
has been used during the year to test proprietary products for mar~ufacturers ; and, in one instance, 
the results obtained have enabled the Division to give the firm concerned advice of considerable 
practical value. A promising timber preservative, developed by the British Forest Products 

I Research Laboratory, has been subjected to laboratory tests, with very gratifying results. 
Studies of the various chemicals used or recommended for anti-termitic preservatives have been 
continued. In last year's report, reference was made to tests of the chlorinated naphthalenes. 
Similar tests have been undertaken with chlorphenols and chlorphenates, and with certain 
metallic naphthenates. The samples exposed in the laboratory colonies are prepared by 
impregnating the various chemicals, at  different concentrations, either in cellulose blocks or in 
some even-pored susceptible timber. Tests have show11 the yellow carabeen, Sloanea woollsii, 
to be satisfactory for this purpose. 

During the year, means were discovered of shortening and simplifyiug the rather laborious 
laboratory-colony testing technique. The total number of colonies installed in the twelve 
months' period (including the developmental C. lacteus colonies) exceeded 500, a number greater 
than the aggregate of all colonies set up in any three previous years. 

(ii) Field Testing.-Experience has revealed that Eutermes exitiosus attacks softwoods 
much less readily than do species of Coptotermes ; and therefore it was decided to reinstall those 
samples consisting of impregnated softwoods around mounds of C. hcteus, using the now standard 
6 6  connecting-strip " method. Hardwood samples have been reinstalled round E. exitiosus mounds, 
with new strips. As it was considered advisable to carry out tests in districts which differed 
from Canberra in climatic conditions and also in their termite faunas, a search for new test sites 
has been initiated. An area of sandy ground near Griffith in the Murrumbidgee Irrigation Area 
has been selected, and with the help of the staff of the Commonwealth Research Station, rows 
of test blocks (of Pinus radiata and Eucalyptus regnans) have been buried with connecting strips 
to determine the degree of termite infestation. In this part of New South Wales, the snlall 
inland race of Coptoterrnes frenchi appears to be responsible for most of the damage to timber. 

(iii) Direct Control.-Laboratory experiments have again failed to discover any substance 
more effective against termites than finely powered white arsenic ; and they indicate that the 
insects are not actively repelled by this substance. Some evidence has been obtained which 
suggests that Ezcterrnes exitiosus is more eusceptible to this poison than is Coptot~~mes lacteus. 
No success has been achieved in attempts to discover a material which can be added to arsenic 
to render it attractive to termites. 

The conditions existing in a termite-infested building are so difficult to duplicate that 
experimental treatments of naturally occurring infestations cannot be used satisfactorily for 
the comparison of treatments. In  order to compare the effects of different dosages of poisons, 
and of treatments made under various conditions, the special structure of the mounds of 
Coptotermes hcteus has been utilized. The thick clay outer wall of these mounds contains relatively 
few gallerics, in which, under normal conditions, only small numbers of termites are found. 
By the removal, with a mattock, of a slab of the hard outer wall (which is subsequently replaced 
and sealed in its original position) dust poisons can be introduced into these outer galleries at 



a point some distance away from the reproductive centre of the colony, and without damaging 
the main mound structure or di~turbing the inhabitants. The effect of the treatment on the 
colony as a whole depends on the picking up, transportation, ailti di.:semil~wtion of the poison 
by workers passing through the treated galleries ; in other words, on precisely those factdrs on 
which the effectiveness of the treatment of an infested building depends. Using this " outer 
gallery treatment technique ", a serie~ of experiments, involving over fifty mounds, and treatments 
with different dosages and under different climatic conditions, has krccri ciirried out. Tlie mounds 
are examined four weeks after treatment, particular attention being paid to the nursery. A few 
more experiments are required to round off the series ; but the results obtained so far indicate that 
under conditions which ensure the return of the termites to the treated galleries, cornplete 
extermination of a populous mature colony can be achieved with as little as -& oz. of white arsenic. 

(iv) Incipient Colony Studies.-Observations on incipient colonies of several species of 
termites have been continued. All the evidence obtained indicates that decayed or partially 
decayed wood is essential for successful colony foundation. Young colonies also have high 
moisture requirements ; and while development can continue a t  95 per cent. relative hnmidity, 
no colonies have survived when exposed to a relative humidity of 90 per cent. Over a period 
of eighteen months the numerical increase of incipient colonies of Porotclmes adamsoni, Rhinotermes 
intermedius, and Coptotermes lacteus parallels the estimated average populations of mature colonies - 
of these species. 

(v) Termite Taxonomy.-In the systematic revision of the Australian termites, the last 
of the fourteen genera represented in this country is now receiving attention. The completed 
revision, when published, will fill the need for an authoritative reference work on this irr~portant 
group of insects. 

(vi) Advisory Work and 1dtntifications.-During the year, visits were made by officers 
of the Termite Section :-(a) to New Zealand, to advise the Dominion Government on methods 
of dealing with the problems that have arisen as a result of the introduction of certain destructive 
Australian termites into that country ; (b) to various places in Victoria, to assist the State Railway 
Department, with demonstrations and advice, in their campaign of termite control ; and (c)  & 
points on the Port Kembla-Goulburn power line, to advise the New South MTales Department 
of Works and Local Government on the treatment of termite mounds. Numerous inquiries 
relating to problems of termite control, and specimens submitted for identification, were dealt 
with during the year. 

10. Grain Weevils.-Towards the end of the period under review and a t  the request of the 
Australian Wheat Board, the Division undertook an investigation of the ~robleni of weevils 
in stored grain in Australia. The first step is a thorough survey of the problem in the field, 
and this task has been simplified by the ready co-operation of the State Departments of Agriculture. 
In addition, preliminary laboratory experiments have been set up to test the insecticidal value 
of a large range of substances. 

11. Book Pests.-Some time age the Division was asked for advice about the treatment 
of books to protect them against insects and moulds in libraries in the tropics. Sorne experiments 
were undertaken and as a result an alcoholic solution of boric acid was recommended. This 
solution is much safer than the corrosive sublimate which is usually recommended, and it does 
not tarnish gold lettering. It has not previously been used, but tests carried out in Rabaul 
?how that i t  is thoroughly satisfactory. It was recently reported that no damage was done to 
treated books except on small untreated paper labels which were fixed on to the books after they 
had been treated. 

12. Be.rzeJicia2 Insects sefit Overseas.-Lantana bugs have been successfully sent to Norfolk 
Island and by air to Java, but, so far, efforts to send adults of this insect by air to India have 
been unsuccessful. 

13. Systematic and General Entomology.-During the year, the Museum has received some 
25,500 additional specimens. More than 2,000 of these came from the late Mr. Garthside's 
collection of natural enemies of St. John's wort and other insects in England, while 134 
Hymenoptera of economic importance were received in exchange from Brazil. In addition, 
the Division received a valuable bequest consisting largely of Australian Coleoptera under the 
will of the late Mr. H. J. Carter, a noted authority on Australian beetles. With the addition 
of the Carter collection to other collections of Coleoptera it already possessed, the Division now 
has an outstandingly good reference collection of Australian beetles. 

As in the past, a number of insects have been identified for individual  worker^ and 
institutions in Australia and overseas, and advice or practical assistance has been given in response 
to inquiries. 



1 IV. ANIMAL HEALTH AND NUTRITION INVESTIGATIONfl. 
1. General.-General progress has been made in all branches of the work of the Division 

of Animal Health and Nutrition. Soon after the declaration of war, officers were called up for 
military duty, and thus it was not possible to press forward with some of the work. An attempt 
was made to concentrate on those aspects which might be calculated to have the more ready 
application to practical problenls in the animal industry. 

The preparation of the new field station at  Werribee (Victoria) has now been completed. 
During the vear, the farm was graded, check banks, irrigation ant1 drainage channels put in, 
and 81 acres laid down in grasses and clover. Farm buildings, milking shed, dairy, and a small 
residence for the farm manager were conlpleted just before the end of the financial year preparatory 
to starting active operations with a restricted milking herd for a continuation of the rnastitis 
investigations on the first day of the next financial year. 

The work of the Division of Animal Health and Nutrition has been carried out a t  the 
three main centres in Sydney, Melbourne, and Adelaide, as well as a t  the field stations a t  
Cunnamulla (Queensland), Badgery's Creek (New South Wales). and Berwick (Victoria). In  
addition, co-operative work has been carried out with the State Departments of Agriculture in 
each State. Co-operation with the Division of Economic Entonlology has been rnaintained 
through the Veterinary Entomological Committee and with the Division of Plant Tndustry through 
the Inter-Divisional Committee for Agrostology. 

The secretarial work for the Committee on Animal Production, appointed by the Au~tralian 
Agricultural Council, has been carried out during the year and has added appreciably to the 
Division's responsibilities. Tn addition, considerable time and energy have been devoted by 
some officers to the work of the several technical sub-committees on animal production. 

The work of the Division has been greatly facilitated by the continued generous financial 
assistance of the Australian Pastoral Research Trust, the Australian Wool Board, the Australian 
Cattle Research Association, and the Queensland Government. 

2. Animal Health Research Laboratory, Melbourne.-(i) Pleuro-pneumonia in Cattle.- 
In  the report for the year 1938-39, reference was made to an experiment on the duration of 
immunity to pleuro-pneumonia after vaccination at  the tip of tlie tail with the standard culture 
pleuro-pneumonia vaccine prepared for the various State Departments of dgriculture. This 
experiment is still under way, and the groups of vaccinated cattle are being built up a t  regular 
intervals for the immunity test for 1941. Pleuro-pneumonia vaccine issued during the current 
year amounts to nearly 300,000 doses, and has given evclry satisfaction until quite recently when 
failure to immunize, in spite of proven ability to produce reactions (sometimes excessive) in the 
tail, has been claimed in some quarters. These claims are being investigated. 

(ii) Entwo-toxaemia of Sheep-The causal organism of this disease, Clostridium webhii 
Type D, differs from the " classical " Cl. welchii Type A in producing an additional toxic component 
known as the epsilon component, which is absorbed from the gut of affected sheep. The most 
strikingly clinical signs of the disease, especially in lambs, are severe convulsions. In  order to 
study the mode of action of the toxin, a study of certain aspects of its pharmacology was carried 
out in collaboration with Dr. C. H. Kellaway and Dr. E. R. Trethewie, of the Walter and Eliza Hall 
Institute of Pathology, Royal Melbourne Hospital. Toxin consisting mostly of the epsilon 
component and very little alpha conlponent was used. It was shown that the convulsions are 
not due to the production of a state of hypoglycaernia, hypocalcaemia, anoxaemia or uraemia, 
nor to the anllydraenlia that frequently occurs, but to a direct action upon the central nervous 
system, probably the basal motor ganglia in the brain. Furthermore, the toxin has an injurious 
effect upon various tissues ; it allows the liberation of histamine from the lungs, which leads to 
pulmonary oedema, and of adenyl conlpounds from the heart, which produce a disturbance of 
conduction. These studies have tended to confirrn the view that the only treatinent which 
present knowledge suggests is prophylact,ic vaccination or prophylactic administration of antisenm. 
The enhancing effect of trypsin upon the epsilon component first described by Bosworth and 
Glover (1934) has been confirmed. The evidence to date suggests that the degree of enhancement 
may vary greatly between the toxins from different strains. Studies have been commenced 
upon the conditions that govern the production in vitro of epsilon component. With one strain 
it was found that maximal production of toxin occurred after approximately 48 hours, and that 
efforts to keep the hydrogen-ion concentration low, by the addition of calcium carbonate, yielded 
a greater amount of toxin. By arrangement with the University of Jlclbourne, a study of the 
antigenic constitution of strains of Cl. webhii belonging to the four known typepl 
A, B, C, and D were carried out under the direction of the Division by Mr. A. JV. Rodwell, M.Sc., 
and it was found that a great degree of overlapping exists between the antigenic components 
of the four strains. Remlts of precipitin tests with extracts prepared with 1 per cent. sodium 
carbonate solution suggests that it might become possible to determine, merely by this test, if 
a strain belonged to Type D. 



(iii) Black Disease.-The antigenic analysis of strains of C1. lnovyi (C1. oedematiens) was 
completed. Strains were included from human sources, from ovine sources (black disease in New 
South Wales, Victoria, Tasmania, and New Zealand ; bradsot in Germany (=B. gigas)), bovine 
sources (black disease in Victoria), cquine sources (black disease in Tasmania), as well as the 
bacillus of osteomyelitis of buffaloes in Dutch East Indies and C1. /~aemolyticum from bacillary 
red-water of cattle in Nevada, United States of America. Study of " H " and " 0 " agglutinins 
showed (u)  that there is a common " 0 " antigen to rriokt of these strains ; (b) that " H " analysis 
reveals a further very close relationship between them ; for example, one large group contains a large 
proportion of the strains of the black disease bacillus from Australasian sources, the B. gigas 
of braclsot in Germany, strains of Cl. haemolyticurn and of the O.B.B. bacillus. The very close 
relationship of all these bacilli of a,nimal origin is thus stressed. None of the strains of classical 
C1. oedematiens from human sources had common " H " anti6ens with any of the animal strains 
or the closely related bacilli nientioned above. Since there 1s a common " 0 " antigen, it does 
not appear to be necessary to make anacultures against black disease polyvalent, if we presume 
that the " 0 " antigen in the bacillary bodies contributes to the production of immunity. 

(iv) Caseous lymphadenitis.-The work along the lines outlined in the last report was 
continued. Examination of the polysaccharide antigen has shown it to contain as components 
a polypcptide containing 'half t h e  total nitrogen, a hexuronic acid, and a still unidentified 
nitrogenous substance. Hexose-6-phosphoric acid also appears to be present. Isolation and 
examination of a nucleo-protein fraction is also proceeding. Serological studies on strains of 
ovine and cquine origin showed that (a) the ovine strains appear to-have the same antigenic 
make-up ; (b) the four equine strains differ between themselves and from the ovine strains. 
Further trials of large groups of guinea-pigs showed that a vaccine prepared from bacteria 
disrupted by freezing and thawing gives a substantially better degree of protection than any 
others tested to date. 

(v) Bovine Haema2uria.--Further evidence obtained from the field experiments on the 
use of gypsum top-dressing of pastures in the prevention of haematuria indicated that this 
procedure delays the onset of the disease considerably (up to two years), but may not prevent 
it entirely. On the assumption that rvcessive intake of a trace element may be the cause of 
the disease, soil from Mount Gambier, concentrated by sieving through a fine mesh, and other 
mineral mixtures are being fed to cows. 

(vi) Myxomatosis of Rabbits.-Experiments conducted dul~ing the year showed that the 
rabbit stickfast flea, Echidnophugo myrru~ucobii, and various mosquitoes are capable of transmitting 
the disease from infected to hcalthy rabbits under laboratory conditions. Attempts to obtain 
infestations of rabbits wit11 the flea at JYardang Island failed because the environment was 
imsuitablc to the flea. Studies on the virus lla~re included the relationship between the natural 
virus and the artificial variant neuro-myxoma virus, and attempts to produce immunity to 
myxomatosis by vaccination with formalinized suspensions. 

(vii) Mastitis in Dairy Cattle.-The systematic study of the experimental herd was 
continued during the year. Much time was devoted to the correlation of the data collected 
during the first two lactation periods. The results of this examination were submitted for 
publication. At the end of the year the experimental herd was removed to the new farm in the 
Werribee district. 

(viii) Toxaemic Jaundice.-The co-operative investigation was continued. Examination 
of material from further outbreaks of toxaemic jauntlice again showed its constant association 
with large amounts of copper in the livers and pre-clinical rise in copper in the blood. Work 
has largely been concerned with attempts to deprescr excessive absorption and storage of copper, 
Tests have given eilcouraging results. and a field test is now under way on a 400-acre property 
a t  Barooga. 

(ix) Tuberculosis.-In any scheme to eradicate tuberculosis from cattle, a serious handicap 
is that many advanced cases of infection no longer react to the tuberculin test. We have 
attempted, with some success, to develop a compli:ment-fixation test to permit the detection 
of such cases, using as antigen humall tuberculosis t~acilli, defatted, disintegrated in a ball mill, 
and extracted by boiling in distilled water. Unfortunately, the antigen is relatively labile. 
The test has enabled the detection of advanced caws of tuberculosis which were negative to the 
tuberculin test, and it appears that, once the problcm of preparing stable antigens is overcome, 
the complement-fixation test may prove a very useful adjunct to the tuberculin test. 

(x) Contugious Abortion.--Repeated testing by means of a complement-fixation test, 
combined with segregation of reactors, has allowed the elimination of an outbreak of contagious 
abortion in the experinlental herd (" vealer produption "). The test has also contributed in 
large measure to the elimination of the disease from the nlastitis herd a t  Berwick. 



(xi) Ephemral Fever of Cattle. -Using materials forwarded from Canberra, a useful 
complement-fixation test was developed for the diagnosis of this disease. The antigen was 
prepared by disrupting in distilled water suspensions of leucocytes and blood platelets prepared 
from infected cattle, then boiling the suspensions and making them isotonic with sodium chloride. 
Unfortunately, the antigen, although specific and sensitive, is relatively labile, and before this 
disadvantage could be overcome the investigation had to be abandoned. 

(xii) Obs~~vations centred in Queensbnd.-(a) Peg-leg.-The experiment referred to in 
the last report was concluded. The animals have been disbanded, and the results are being 
subjected to statistical analysis. In these experiments the use of monoammonium phosphate 
in the drinking water gave the most interesting results ; there was a rnuclr lower incidence of 
peg-leg, bone chewing, and losses in this group than in its controls. A further experimt:nt is 
being started to determine simply, under well-controlled conditions, the value of a phosphatic 
lick (bone flour) in the nutrition of cattle at  Helenslee, and the prevention of peg-leg. 

(b) Anap1asmosis.-This experiment has been concluded. The results showed that if 
winged insects a t  Townsville are capable of transmitting the infection, as appears possible from 
the two instances of otherwise unexplained transference during three years' ob~ervations, it 
must be only under exceptional circumstances, and it does not therefore appear to be a factor 
of much prjctical importance. For all practical purposes, ticlrs may still be considered the 
only important vectors of anaplasmosis in the Townsville area. 

3. The McMaster Animal Health Laboratory.-(i) Parasitological Invdstigations.- 
(a) Studies on Phenothinxine as an Anthelmintic.-11uch attention has been paid to this drug 
owing to the very promising results obtained in the preliminary trials referred to in the last 
annual report. Unfortunately, the war restricted supplies. In suitable doses it has been found 
highly effective against all species of nematodes of economic importance to the sheep industry 
of the Commoi~wealth. During the year it was established that phenothiazine is highly efficient 
(a) against H. contortus, Trichostrongylus spp., and Oes. columbianum, and (b) against immature 
forms of H. contortus which are considerably resistant to other forms of treatment and cause severe 
damage to the sheep. The fact that, on the evidence, it was found to be equally effective whether 
it enters the rvmen or the abomasum is of great practical significance. Srnall repeated doses 
have been found to show an encouraging degree of efficiency against H. contortus arlcl Oes. 
columbianum, and this may prove of practical value. Nematode larvae did not develop in the 
faeces of treated sheep for periods up to four days after dosing. About 32 per cent. of the dose 
administered by the mouth was recoverable in the faeces during the three or four days following 
dosing. The urine of treated sheep was found to contain unchanged phenothiazine, phenothiazone, 
and thionol, and tfo redden on exposure to air and stain wool which it contarnir~ates. This wool 
colouration is not removed by ordinary scouring, but observations have shown that, in practice, 
the amount of wool so stained, about the sheath, crutch, and hocks, is negligible. The toxicity of 
phenothiazine for sheep is extremely low, and itl appears t o  be one of the safest anthelmintics known. 
The most effective and most economic dose rate has yet to be determined. Phenothiazine is likely 
to prove more expensive than anthelmintics now in common use, and needlessly large doses 
must be avoided in consequence. Methods for administering the large and bulky doses of this 
highly insoluble substance have been investigated. Adnlinistration in the form of a relatively 
stable suspension by means of a drenching funnel has, so far, been found to be the most satisfactory 
for Australian conditions. Several compounds related to phenothiazine have been tested, 
but none has shown the association of high anthelmilltic efficiency and low toxicity characteristic 
of phenothiazine. The compounds tested were : diphenylamine, phenothiazone, phenoxthin, 
thionol, and phenarsazine chloride. 

(b) Compa~cctive E$imcy against T~ichostrongylosis of Phenothiazine, Tetrachlwethylene 
Emulsion, and the Copper Sulphate-Nicotir~e Sulphate Mixture.--The search for a IligIily effective 
anthelmintic against Trichostrongylus spp. in sheep has been one of the major objectives of the 
parasitology section for several years. In 1935, it was shown that copper sulphate, nicotine ' sulphate mixture was reasonably effective, and since then it has been widely used in Australia. 
However, on many occasions its efticacy in the field has been very low. In 1936, tctrachlorethplene, 
administered after a preliminary dose of copper sulphate solution to close the oesophageal groove, 
was found to be effective, but this method was not widely advocated because of the time and 
trouble involved by the dual dosing and the cost of the drug. During the past year, a field 
trial comparing the efficacy of these two methods of treatment with one involving the use of 
phenothiazine has been carried out, and the results have been published. It was found that 
if a 70 per cent., or greater, reduction in faecal egg count be taken as satisfactory, effective 
treatment was attained in 83 per cent. of sheep with phenothiazine, in 76 per cent. with the 
tetrachlorethylene emulsion, and in only 21 per cent. with the copper sulphate-nicotine sulphate 
mixture. Study of the individual results suggests that, where the two latter drugs failed, this 
failure may have been due to the absence of closure of the oesophageal groove. This occurred 



less frequently with the tetrachlorethylene emulsion than with the copper-nicotine mixture and, 
on experimental evidence, is believed to have been due to the fact that a few seconds elapsed 
between the administration of the copper sulphate solution and the dose of tetrachlorethylene. 
The copper sulphate nicotine drench was given as one dose with no interval to increase the chance 
of reflex closure of the oesophageal groove. The results suggest, inter alia, that better results 
with copper-nicotine may be obtained if the dose is given in two parts, a few niils followed after 
a few seconds by the rest of the dose. 

(c) The E$iciency of Copper Sulphate, Nicotine Sulphte and of Carbon Tetrachloride agaznst 
Haemonchosis in Adzclt Sheep.-It has been found that the copper sulphate-nicotine sulphate 
mixture is efficient, but fails in a proportion of cases in which there is repeated failure of the 
oesophageal groove reflex. These cases remain heavily infected, despite repeated treatment, 
and are a serious source of contamination for animals grazing with or after them. In a field 
trial carried out during the year, it was found that the sheep in which copper sulphate-nicotine 
sulphate mixture was not effective were effectively cured by the use of carbon tetrachloride, which is 
effective against haemonchosis even though it enters the runien, whereas the copper-nicotine 
mixture and tetrachlorethylene are not effective unless they pass direct into the abomasum 

(d) Immunological Studies on Haemonchosis.-Previous observations that the administration 
of infective larvae to resistant sheep is followed by an eosinopllilia were confirmed. It was 
also observed that the injection of living infective larvae subcutaneously in resistant sheep resulted 
in an eosinophilia, but when the larvae were heat-killed prior to injection there was no such 
response. 

(e) Nematodes aflecting Army Horses.-Nearly 100 faecal samples were examined from 
horses in a Light Horse Militia camp. It was found that 52 per cent. carried infestations with 
strongyles (Xtrongylus spp., Triodontophorus spp., and Trichornem spp.) great enough to be 
considered harmful. Some 15 per cent. were infested to a degree capable of causing serious 
interference with the performance of work, and a further 22 per cent. carried infestations tliat 
were at  least sufficient to warrant treatment. 

(f) Pathogelhicity of Nematodirus spp. in Sheep.--This work was continued, but no conclusive 
results were obtained. A simple and effective method was devised for obtaining pure cultures 
of infective Ncnzntodirus spp. larvae from sheep harbouring mixed nematode infestations ; the 
details hare been published. 

(g) Recovery of Nematode Larvae from Soils and Pasture.-This study was continued 
throughout the year as opportunity offered. A preliminary report, describing a modification 
of Baermann's technique which gave consistent results over several trials, has been published. 
Various steps involved in this teclinique are now being studied in an effort to simplify it and 
enhance its reliability. 

(h)  Parasitological Pield Trial at " Prodsley ", Tusmania.-This trial, now in its third 
year, gave interesting results. It was commenced in Pebruary, 1938, with two groups of 80 
Corriedale ewe weaners, each group being maintained in rotation on four plots of 5 acres each. 
Grass hay and agricultural salt were available ad libitum to each group. One group was drenched 
repeatedly as a means of controlling internal parasitism, while the other group was left untreated. 
The two groups showed no significant differences in body weight or wool production during the 
first year of the trial, and the degree of parasitism was relatively low in both groups, although 
less in the drenched group. The sheep were mated in the autumn of 1939 and lambed in August. 
The grazing and hay feeding carried the ewes and lambs till weaning time in Pebruary, 1940, 
when the weaners were disposed of. The ewes were still retained on the plots and a further 
20 weaners were added to each group. The area, therefore, carried four sheep per acre for a 
period of two years and later five per acre. The lambing percentage was good, despite very severe 
weather at  the time, and the lambs thrived excellently. Under these conditions of management 
a t  " 17rodsley ", internal parasitism has not increased in either the drenched or the undrenched 
group, but has declined since the coinrnencement of the trial in 1938, and from March, 1939, onwards 
only occasional positive faecal egg counts in individual sheep have been recorded. Despite the 
relative absence of worms from both groups of sheep, the drenched group was significantly 
heavier by 5 lb. and cut 0.3 lb. more wool per head than the undreiiched group. The continued 
assistance and co-operation, often under great difficulties, of the owner, Mr. Keith Brodribb, 
and officers of the Tasmanian Department of Agriculture, is gratefully acknowledged. 

(i) Parasitological Studies at Armidale, New South Wales.-Work a t  this centre has been 
carried on under considerable difficulty during the year as the time of the research officer concerned 
has been much occupied wit11 rnilitary duties. (1) fipidamiological Trial at " Xuumarez ".- 
The periodical faecal examinations were continued. The survivors of the original lambs were 
taken over from the station, and a further lot of weaners were purchased to keep the experimental 
flock up to the original number. The yearly addition of weaners is essential in this study as 



the older sheep tend to become resistant to the parasites. It has been found during the period 
from the commencement of the trial, in June, 1938, up to January, 1940, that Hacmonchus 
contortus (the large stomach worm) is a parasite of most importance during the warmer months. 
It may be acquired from early spring onwards, and during summer heavy infestations are related 
to rainfall. Treatment for the control of this species should therefore begin, especially with 
ewes and young sheep, in late winter or early spring. It should be repeated twice before lambing 
begins in order to protect the lambs as far as possible. During the remainder of the ~e r i od  
when this may be serious, treatment should be repeated a t  short intervals and with 
special reference to rainfall. Treatment is especially indicated three or four weeks after gpod 
falls of rain associated with overcast weather. Tricizostron,gyles (hair worms of the small intestme) 
are parasites of the cooler months. Iilfections start late in autumn and early winter and reach 
maximum severity in the late winter months. Treatment should begin a t  weaning and be repeated 
during autumn and winter a t  intervals not exceeding four weeks. The precise relationship between 
weather conditions and severe infections has not yet become clear. Infections by Otsophagostomurn 
columbianum (nodule worms of the large bowel) are acquired in late summer and early autumn. 
The largest number of worms appeared to be present in the sheep in late winter and early spring, 
but they resulted from infestations acquired some two or tl~ree months previously. The sheep 
apparently acquire little or no infection from the pastures during winter, and hence thorough 
treatment before or during the winter and spring can be calculated to go far towards controllirig 
this troublesome and costly parasite. 

(2) Trial on, Control of Haemonchosis at " Gostwyclc " (Large Stomach Worm Infestation),-- 
In the early winter of 1939 a new trial was commenced in which two groups of weaners were 
used. One group was grazed continuously a t  the rate of one sheep per acre and the other group 
was rotated a t  three-weekly intervals between two plots. The actual rate of stocking was the 
same for both groups. Both groups were treated a t  three-weekly intervals with carbon 
tetrachloride, and subsequently each group was treated with phenothiazine (twice in August 
and again in October). Despite this treatment worms were not eradicated, but the degree of 
infestation was reduced to a very low figure. The treatments with phenothiazine were particularly 
effective, but since the sheep were on infected ground some re-infestation was inevitable between 
doses. An interesting feature, and one likely to have a considerable influence on sheep husbandry 
in New England, was that the group which was rotated gained an average of 11 lb. in body weight 
between April and November, whereas the group grazed continuously on the same area gained 

1 less than 4 lb. per head. The rotated group maintained and increased its lead during the summer 
and autumn, indicating that this ~ystem of management is not only desirable but is suitable 
for use on the natural pastures of the northern tablelands. 

(3) Survival of Eggs and Larvae of Sheep Nematodes in Paeces exposed to Atmospheric 
Cortditions at Armidale.-This study was continued, but it will be some time before the mass of 
results so far obtained can be sorted and correlated with the climatic cor~clitions obtaining a t  
the time each observation was made. Observations have shown that the eggs of Trichostrongyles 
will survive much longer than those of either Haemonchus or Oesophc~gostornum. The longest 
periods of survival in faeces are, for Haernonchus 105 days, for Oesoplzagostornes 81 days, and for 
Trichostrongyles over 150 days (upper limit not yet recorded). In most cases Haemonochus and 
Oesophagostomes survive for much shorter periods. Not only the maximum time of survival, ' but also the rate a t  which eggs and larvae perish in relation to climatic conditions, is of great 

I importance in relation to rotational grazing and the control of internal parasitism by management. 
(4) Trial of Lentin.-This drug was tested as a possible means of treatment against r;he 

nodule worm and other internal parasites of sheep. It is a very powerful purgative and might 
remove the parasites mechanically if in no other way. It was found to be both ineffective and 
dangerous, several of the sheep dying shortly after treatment. 

(5) Survey of Internal Parasitism of Sheep.-This survey was continued in conjunction 
with the District Veterinary Officer of the New South Wales Department of Agriculture and 
the Inspectors of Stock in his district. A start was made with the correlation of outbreaks with 
climatic and seasonal conditions. 

(ii) Exteraal Parasites.-Sheep Dipping Investigation.-In last year's report, progress was 
recorded in studies of the sheep ked. It was pointed out that a fuller knowledge of this parasite 
might enable better results to be obtained merely by the modification of existing dipping practice. 
Observations on the life-history of the lred have shown that the female may copulate a few hours 
after emergence from the pupal stage. In this case, however, the first pupa is not deposited 
until after fourteen days or longer and thereafter pupae are deposited a t  the rate of approximately 
one a week. If copulation is deferred until the third day after emergence, the female still deposits 
the first pupa on about the fourteenth day of adult life. This suggests that the female is not 
sexually mature till some days after emergence. In the case of male keds the evidence suggests 
that sexual maturity is not reached till about the tenth day after emergence, so that if newly 
emerged males and females are put together, the first pupae do not appear for a t  least eighteen 



days, and generally longer. These are important points in relation to dipping practice. To date 
no seasonal difference has been observed in the times taken by males and females to reach sexual 
maturity. The duration of the pupal period is usually 19-22 days. It has never been less than 
19 days but not uncommonly extends up to 26 days and, in one experiment, the maximum period 
was 32 days. Seasonal variations in temperature at  Sydney, for example, appear to have little 
efl'ect on the duration of this stage, but observations under more severe winter conditions are 
required. Laboratory tests indicate that the temperature range within which pupae will develop, 
and the keds emerge from them, is probably quite a narrow one. The length of life of the ked is 
difficult to determine accurately, but it may be said that few males live beyond 80 days and few 
females beyond 100-120 days. Hence, a female may be expected to deposit a t  most about fifteen 
pupae during her lifetime. As recorded previously, many keds placed on experimental sheep 
disappear, and an attempt was rnade to discover their fate. It was found that a few drop off the 
animal either by accident or design, a few die and fall from the fleece or become entangled in the 
wool, while there is evidence that sheep destroy some by biting a t  the part irritated by the parasite. 
The migrations of keds about the body of the host have been studied in some detail. The females 
tend to wander towards the belly and crutch for the first fortnight after emerging from the pupae. 
Thereafter there is a general tendency for them to move forward to the shoulcier, brisket and neck, 
where most pupae are deposited. The position on the shecp of some 11,000 pupae has been noted. 
Of these, 45 per cent. were found on the lower neck towards the brisket. The lower sides were 
thc next corninonest position and then the belly and crutch. Only about 7 per cent. were found 
in the latter position. As regards the position of the pupae on the wool fibre, i t  can be said that 
they are never deposited less than about a quarter of an inch from the skin surface and as the wool 
grows the pupae are deposited farther from the skin surface. 

It was mentioned in the last report that there appeared to be a seasonal decline 
in ked populations during the hotter months of the summer and autumn. Further attention 
has been paid to this, and it has been observed on several occasions a t  the laboratory that the 
extent to which keds will survive and multiply on a sheep depends greatly on the animal's bodily 
condition. For example, sheep which keds would persistently leave in favour of others became 
susceptible and sustained heavy infestations when their bodily condition was impaired by artificial 
infection with intestinal parasites. On removal of the worm infestation by treatment, the sheep 
regained its former condition and the ked infestation declined. Hence i t  is apparent that such 
factors must be taken into consideration, and that what appears to be a seasonal fluctuation 
related to climate may, in fact, be related also to the better general condition of sheep during 
that period of the year. It has not been possible to keep keds alive for many days off the sheep. 
Usually all are dead within five days and this is in general agreement with other workers' results. 
Under laboratory conditions of constant temperature a t  4" C. and 90 per cent. humidity, eleven 
keds out of eighteen survived for fifteen days and one survived until the 24th day. 

Research on shecp dips has again been restricted t'hrough the pressure of other work. 
Some progress has been made, however. Using the experimental dip and draining pens provided 
by the Wool Board it was found that sheep carrying ten to twelve weeks' wool renlovc from 14 to 2 
gallons of fluid on emerging from the dip, and of this quantity, approximately one-half drains 
away, leaving each sheep with 2 to 1 gallon of dipping fluid retained in its fleece. About 95 per 
cent. of the fluid draining from dipped sheep leaves them in the first seven minutes after they 
emerge from the bath, and 75 per cent. of it within one minute. Tests were conducted wit11 six 
different forms of arsenic in an endeavour to find one which could be used as a basis of comparison 
for testing the efficacy of other dipping agents. Sheep infested with keds, and in some cases with 
lice also, were dipped in these six preparations, each being made to contain the same equivalent 
of arsenic. In addition to noting the effect upon t,he parasites, analyses were made of the dipping 
fluids before and after use and of the drainings from the sheep. When soluble arsenicals were 
used, it was found that the arsenic content of the liquors draining from the sheep was 
approximately the same as in the main dipping bath. It was noted, however, that the later 
drainings after dipping in sodium arsenite and sodium arsenate had a slightly higher arsenic 
content. Dipping with insoluble arsenic trisulphide suspensions gave draining fluids with only 
half the arsenic content of the original dip, indicating that some of the insoluble arsenic was 
retained in the fleece by filtration. It follows that drainings from sheep passed through such a dip 
would dilute the main body of dipping fluid if allowed to flow back into it. The passage of sheep 
through dipping fluid consisting of a suspension of insoluble arsenicals stabilizes the su~pension 
and this is probably duel t o  suint and wax from the fleeces of the dipped sheep. In another series 
of tests, pupae were immersed in solutions of sodium arsenite, phenol, rotenone, and a commercial 
arsenical powder dip used at  the strengths generally prescribed for dipping sheep. None of 
these agents materially affected the percentage emergence when pupae of mixed ages were used. 
It was found in a srn;tller, subsidiary trial, however, using sodium arsenite and the commercial 
dip, that both were effective in checking the further development of one-day old pupae. From 
this whole investigation, so far as it has gone, certain practical indications have emerged. During 



the year, the New South Wales Stock and Brands Branch has, through members of its field staff, 
supplied large numbers of pupae. These have been of the greatest assistance and the help so 
afforded is gratefully acknowledged. 

(iii) Blow-y Problem.-(a) Trial of the Mules Operation at Dungalear Station.-This trial 
was concluded during the year. The observations on the treated and control group of ewes were 
continued until March, 1940. These have shown that the benefit conferred by the operation was 
permanent, the treated ewes still showing the same very low incidence of crutch strike compared with 
controls after a period of over two and a half years. In June, 1939, strikes were common among 
the control sheep, but the treated group continued to show very few. A routine crutching was 
carried out on the control group only. Despite this, the treated group carried through till shearing, 
a t  the end of August, with a negligible incidence of crutch strike. Observations showed that 
the treated group produced an average of 5 oz. more greasy wool per head than the controls as a 
result of the lower incidence of fly strike. Another trial in connexion with the Mules operation 
has been commenced a t  Noondoo. One of the main objectives is to determine the extzilt to which 
the operation can be performed satisfactorily on lambs in conjunction with marking. 

(b) Blow--y Dressing;.-Good reports were received from the field on the use of the boracic 
acid, camphor oil, emulsion (C.R.E.) which was devised as a cheap substitute for the glycerine, 
diboric dressing. As the onset of war increased the price and the difficulty of procuring certain 
of the ingredients, its use was restricted. Preliminary observations were made with a solution 
of ~odiunl pentaborate. Solutions containing the equivalent of about 20 per cent. of boric acid 
in water can be prepared very easily, and tests on a number of strikes have shown that the 
solution is highly effective in killing the blow-fly larvae. It is non-irritant and does not rapidly 
drive the larvae from the dressed area. They are killed after several hours. There has been no 
opportunity as yet to test the ability of this preparation to prevent restrike. The particular 
merit of sodium pentaborate solution, apart from its effect upon the strike, is that the ingredients, 
caustic soda and boracic acid, can be purchased cheaply by graziers and others who could easily 
prepare the dressing for themselves. The cost of such a dressing, home-made, need not exceed 
about 1s. 6d. per gallon at  present prices. 

(iv) InJectious Diseases.-(a) Footrot and Foot Abscess Investigation.-These two diseases 
have now been clearly distinguished as a result of close study in the field and in the laboratory. 
Footrot has been proved to be a contagious disease, and the causal bacterium is carried over from 
season to season on the feet of cases that have apparently recovered but which on close inspection 
show imperfect healing. The results of ficld trials in the control of footrot have been published. 
Clean sheep have been retained for long periods on ground previo~isly stocked with affected sheep 
without developing any sign of the disease. Eradication of footrot was successfully carried out 
on certain properties, one of which carries 30,000 sheep, and has remained quite free for a period 
of three years. In this work of eradication, advantage has been taken of the very low incidence 
of the disease in the dry, hot summer months. ,411 lame sheep have been isolated or culled and the 
feet of the remaining sheep have been carefully examined for chronic lesions, and animals showing 
these have also been isolated or culled. When adequate precautions have been taken against the 
re-introduction of the disease by travelling stock, sheep on agistment, or newly purchased sheep, 
complete success has been attained. Foot abscess has becn found to be non-contagious and to be 
troublesome mainly in abnormally wet seasons. Treatment of affected feet and persistent use 
of the foot-bath have given some measure of control. 

(b) Infectious Ophthalmia (Pink Ege) of Sheep.-This investigation was commenced in the 
latter part of the year, when an opportunity occurred to procure some suitable infected sheep. The 
disease was maintained a t  the laboratory by infecting the eyes of normal sheep in series. 
Observations have shown that the disease is readily transmitted by contact or by instilling tears 
from an infected eye into the conjunctival sac of a normal eye. Attempts to induce the disease 
by the use of various cultures from infected eyes failed. Similarly, the observations of workers 
elsewhere that filtrates of tears are not infective was confirmed. Gradocol membranes having ' an average pore diameter of 0.6 microns were used in the preparation of filtrates, snrl not only 
tears but ground-up conjunctival membrtlne from infected eyes were tested. An organism, 
resembling a rickettsia and conforrni~ig to the description of R. co.izjunctivae, described as the 
cause of this disease in South Africa, was regul~rly present. In acute cases most of the epithelial 
cells were found to be crowded with them. No conclusive proof that this is the cause of the 
disease was obtained, although it was seen in only one arnong 185 apparently normal sh0.7;). It 
was found to persist for several weeks in eyes which had recovered froni the disease. Numerous 
attempts made to cultivate this rickettsia in eggs by serial passage on the chorio-allantoic membrane, 
the yolk sac and in the amniotic fluid failed. Several other special culture methods, including 
the tissue culture method, also failed. Recovered animals were closely observed and tested from 
time to time in an attcmpt to assess the duration of imtnunity. dtt,:mpts were made to infect 
ot,her species of animals: including goats, dogs, mice, g~iinca pigs, and rabbits, but without success. 

I 



(c) Balanitis in Wethers and Rams.-During the year a field veterinary officer visited areas 
where this disease is prevalent among wethers, and a consideral)le body of general information 
has been built up regarding it. Close observations were started on a flock in which the disease 
is frequent. Wethers in various stages of the disease have been received a t  the laboratory for 
experimental use. 

(v) Biochemistry.--(a) Carbon Tetrachloride Poisoning.-A commonly accepted view has 
been that' a lime deficiency in the ration will render sheep more susceptible to carbon tetrachloride 
poisoning. Experimental evidence to support this theory has not been entirely satisfactory. 
During the year, ewes and their lambs have been maintained on a lime-deficient diet over a period 
of nine months. No tlifficulty was experienced in this work in inducing a severe hypocalcaemia 
both in adult ewes and in young growing sheep. Repeated drenching of these animals with 
carbon tetrachloride, however, did not result in the loss of a single animal. It was found, however, 
that after being dosed with carbon tetrachloride certain individuals showed a temporary fall in 
the serum calcium, the decrease in some instances amounting to approximately 50 per cent. 
The fall in the blood calcium was not nlanifested by any unusual sy~nptoms when the sheep were 
not exercised. Furt,her elrperinlents suggested that factors, such as too vigorous exercise, may 
seriously affect animals in a hj7pocalcaemic state. The evidence collected suggests that some 
of the sheep losses in the field associated with carbon tetrachloride drenching may be the result 
of the hypocalcaemia induced by carbon tetrachloride or of aggravation of pre-existing 
hypocalcaemia. 

(b)  Nutritional Studies on Internal Parasites of Sheep-A Study of the InJEuence of 
Trichstrongylus spp. on the Digestibility of Feed Constituents.-Work was started on this study 
during the year. 

(c) Biochemical Studies on Pregnancy Disease 212 Sheep.-(1) Field Cases.-The differential 
diagnosis between lambing sickness in ewes and pregnancy disease is difficult. Field observations 
have indicated that a more extensive use of calcium borogluconate, or other suitable calcium 
preparations, injected either intravenously or subcutaneously into ewes thought to be affected 
with pregnancy toxaemia, would result in economic saving annually since a proportion of the 
cases are due to so-called " lambing sickness " (hypocalcaemia) and not to pregnancy toxaemia. 
Biochemical examinations of material from field cases of suspected pregnancy toxaemia have failed 
to tchrow any clear light on the aetiology of pregnancy toxaemia. 

(2) Aetiology-Biochemical Studies on Vitamin B1.-Work was commenced in November, 
1938, to test the hypothesis that a deficiency of vitamin B1 may be responsible in whole or in 
part for the occurrence of pregnancy toxaemia. Attempts were made to produce vitamin B1 
deficiency. Normal non-pregnant ewes maintained on a diet free from vitamin B1 for 80 days 
failed to exhibit symptoms of vitamin B1 deficiency, or any marked diminution of vitamin B1 
in the blood. Attempts to demonstrate chemically the presence of vitamin B1 in the rumen 
proved unsuccessful, despite the fact that vitamin B1 added to ruminal contents of sheep has 
been successfully recovered. Biological tests, however, tend to confirm the results of other 
workers as to the presence of vitamin B1 in ruminal material. Studies on pregnancy toxaemia 
are a joint project of the Division, the University of Sydney, and the New South Wales 
Department of Agriculture. In addition to the aspects of the problem already referred to, special 
attention was paid to the possibility that endocrille disturbances, particularly of the anterior 
pituitary, may be important as a cause of t,his disease. This work is in the hands of a research 
worker, engaged under the Commonwealth Research Grant to Universities, and working in close 
touch with the McMaster Laboratory. Attention was also given to the effect of certain s~ibstances 
in bringing about the recovery of affected ewes. 

(vi) Chemical and Physical Studies on Wool.-(a) Pkece Chemistry.--Fleece samples taken 
from sheep a t  the F. D. McMaster Xield Station when they were 13,17,22, and 28 months old were 
analysed and the results prepared for publication. The observations concern the production of 
wool fibre, wool wax, and suint a t  different points on the body surface, the changes resulting from 
seasonal and climatic differences, pregnancy and lactation, and the increasing age of the animal. 
Results showed that suint production is not materially affected by changes from winter to summer 
grazing, but is relatively high in young animals and then declines to a fairly uniform level. Wool 
and wool wax production both respond markedly to improved nutrition, but they do not respond 
proportionally. More detailed studies of wool wax were conducted during the year as time and 
opportunity offered. A new and simple laboratory method for the isolation of cholesterol from 
wool was devised, and the presence of lanoceric acid, questioned by some workers, has been 
established. Cholesterol is a relatively valuable substance, present in large quantities in wool 
wax, but the cost of its isolation and purification are such that this source is not exploited 
commercially as yet. Preliminary examinations were made of some scouring liquors as regards 
their content of potassium. As was indicated in the last report, the process for rendering wool 
unshrinkable held great promise and a very large amount of time was devoted to it during the year. 
Details of the laboratory work leading to its discovery have been published (Pamphlet 94). There 



are still difficulties to be overcome in its adaptation to factory conditions involving large-scale 
treatment of wool. This problem has now been placed under the direct'ion of the Council's newly- 
formed Division of Industrial Chemistry, although the investigation is still centred a t  the Mcllaster 
Animal Health Laboratory. 

(b) Physical Properties of Wool.-Much time was spent examining wool fibres and yarns in 
connexion with the new unshrinkability process, the object being t o  determine whether the treated 
fibres were ad~~ersely affected. No differences were found in the stress-strain curves of treated 
and untreated wool a t  pH values from 4 to 9. This implies that the treated wool absorbs acid 
and alkali similarly to untreated wool and, apart from the strength and elasticity of the fibres 
being unchanged, their bulk also remains the same. No change was detected in the rigidity 
modulus of fibres (determined by a torsional method). Any chemical change in the fibre substance, 
which did not penetrate beyond the cuticle, should be more apparent in a change of rigidity 
measured in this way than in extensibility. That no change occurs on treatment with the new 
process emphasizes again that the effect is brought about on the surface of the fibre. 

(vii) Wool ~ i ; l o g ~ . - ~  programme of work was built up to establish the main facts of 
structure in wool fibres, skin, and fleece, and to define the range of variation occurring ; the work 
is designed to elucidate the important factors governing the quantity and quality of wool 
production. During the year a start was made on the following specific problems :-(a) The 
Pre-natal Development of the Merino Skin and Fleece.-The results obtained have yielded 
preliminary information on the factors determining hairiness in the fleece, density, tip formation, 
and uniformity of fibre length and thickness. (b) Pleece Density and " Development " or Wrirzkliness 
of Skin in Merinos.--Material was collected from animals showing all types and degrees of fold 
development on the neck, body, and breech, but the studies have not been completed. (c) Survey 
of Skin and Fibre Characteristics in the Australian Merino.-A start was made on a survey including 
observations on the regional differences and gradients in fibre characteristics and skin structure 
on individual representatives of various types of the Australian merino. (d) Classijieation of 
Merinos according to the Development of Skin Po1ds.-During the year a descriptive method of 
grading fold development in the merino was established to cover the full range of neck, body, 
and breech folds encountered among Australian types. (e) Injuence qf the PZane of Nutrition 
orz the Structure of the Merino Skin and Fleece.--This work was started in association with the 
Animal Nutrition Laboratory. The experiment aims to determine what permanent effects, 
if any, on the wool-producing capacity of sheep result from a low plane of nutrition during the 
growing period. 

- 

(viii) Statistical Work.-Continuous assistance was given to members of the staff in the 
planning and experiments and statistical analysis of results. In addition, work was carried 
out in relation to investigations proceeding elsewhere in the Division, such as that on myxomatosis 
and bovine mastitis, respectively, by the Melbourne staff, and survey work in regard to fertility 
in sheep is being carried out by the staff of the F. D. McMaster Field Station. 

4. The F. D. iVcMaster Pield Station.-(i) Seasonal Conditions.-The year has been one 
of outstandingly deficient rainfall. During the period, 11.63 inches fell as compared with 24 .37  
inches for the corresponding period ending 30th June, 1939. Further to the total shortage, 
falls estimated to be efficient (i.e. falls of over 0 . 5  inches) have occurred only upon six occasions 
in the twelve months during which there have been only 45 or 12.3 per cent. of rainy days. 

(ii) General.- The period under review was unfavorable for plant growth. An examination 
of the available records shows that orlly two other similarly unfavorable periods have been 
experienced in this area during the last 100 years. Under these conditions, practically all attempts 
a t  pasture improvement failed. Phalaris tuberosa and Rhodes grass maintained life, subterranean 
clover regenerated itself but did not provide other than stunted plants possibly incapable of 
reseeding, and the survival of perennial rye-grass in 140 acres of sown pasture was extremely 
low. In January, and again in June, 1940, acute water shortage occurred. The first was slightly 
modified by a,ggregate autumn rain of approximately 3+ inches, spread over three days, but that 
in June promised to become progressively more serious. To render the position more secure in 
subsequent years, water storage from natural catchnients was increased by the provision of 
two new dams and the enlargement of another. Prom summer-growing native grasses and 
from sown winter-growing varieties alike, the yield was negligible, and a t  the end of the year 
there wap not a paddock upon the property with complete vegetative soil cover, regardless of 
the age or class of vegetation. All experimental animals were fed supplements. At the end 
of the year there were upon the property 93 rams (entire and vasectomized), 614 ewes of all ages, 
and 127 sheep under fifteen months of age, including 9 early lambs, a total of 843. 

(iii) PErtility in Sheep-Studies on the periodicity of oestrus in Australian sheep have 
been continued along two major lines. The first was arranged to determine the degree of control 
exercised by genetic factors. For this purpose, five lots of sheep of known breeding were compared 
throughout the year. The ewe groups were Camden Park Merinos (these sheep, descendants of 
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the original flock, were graciously loaned by the Trustees of the Camden Park Estate), Border 
Leicesters, half-bred Border Leicester x Camden ewes, Dorset Horn, and Austin-Wanganella 
Merinos. Observations are being continued until all groups have been maintained throughout 
comparable periods. All five groups have shown marked periodicity, similar to that already 
reported. Although Pebruary to July covered the period during which the higher percentage 
of Camden ewes came on heat, some could have been bred as late as September. On the other 
hand, the breeding season of the Border Leicesters was most restricted of all, 100 per cent. being 
confined to the months of March, April, and Xay. The cross between these two breeds had a 
longer breeding period than the Border Leicesters and a shorter period than the Camdens. The 
observations clearly indicate that, whereas all five kinds of sheep show marked periodicity, the 
breeding season is more restricted in some than in others. 

The second study was arranged to determine whether the observed periodicity of oestrus 
was confined to sheep in this area or whether it was common to those in a number of localities. 
The principal observations were for similar sheep in dissimilar environments and, for this purpose, 
ewes of similar breeding were sent to Hughenden (Northern Queensland), Gilruth Plains 
(Cunnamulla, Queensland), and to Cressy (Tasmania). In addition, a sirnilar ewe group was 
retained upon the Field Station. Although the data are incomplete, sufficient have been secured 
to show that, with regard to breeding activity in all areas, the calendar year was divisible into 
two parts. In  one of these, 100 per cent. of the ewes came on heat, but very low percentages 
of ewes were capable of being bred in the other. Except at  Hughcnden, the autumn months 
were those in which the highest percentage of ewes came on heat. A further series of observations 
was arranged wherein interested pastoralists observed their own sheep and reported the data. 
These observations were made near Burketown (Northern Queensland), at  Hughenden, and a t  
Cunnamulla. The sheep used were ordinary station merinos and again in all locations a marked 
periodicity of oestrus was disclosed. Meteorological data accumulated upon the Pield Station 
were examined for possible associations with the rcprotiuctive rhythm of the ewes. The work 
disclosed only one possible association, which was placed under further investigation. Data with 
regard to available nutriment were examined to discover if this controlled the observed rhythm. 
Further investigations along these lines, particularly the possible effect of green feed made 
available in prearranged seasons, were started. In a practical application of this information 
i t  was shown that, if a ewe flock be examined for oestrus by vasectolllized rams and the fertile 
rams be not introduced until a period of marked sexual activity has been determined, then the 
subsequent lambing can be restricted within very narrow limits. 

-(iv) ~nhcrt&ce of Cohur in sheep.-surveys among the sheep of interested pastoralists 
have shown that only 0.42 per cent. of lambs, which they described as coloured, occurred in the 
progeny of 19,237 ewes. Further, matings on the Pield Station between coloured and white 
sheep, both for the coloured ram and white ewes, and the white ram and coloured ewes, gave 
only white-woolled lambs. Close study of apparently white-woolled sheep, however, disclosed 
that, even among carefully bred merinos now on the Pield Station, there was a considerable 
incidence of black spotting. Upon occasion these pigmented spots gave rise to white wool 
fibres, but frequently the fibres arising from them were coloured. In one line of aged station 
bred ewes, apparently with white fleeces, 29 per cent. had small body spots with coloured wool 
fibres. Examination of the sheep upon the Pield Station disclosed that 15 per cent. of all merinos 
had such spots. Among 1,598 sheep examined a t  shearing on another property as samples of 
a ewe and wether flock totalling 22,139, 10 per cent of the seven and a half year old ewes had 
spots with pigmented wool. The examination was made in age groups and showed an incidence 
ranging from 0 to 2 per cent. among wethers up to five and a half years of age, and from 0 .5  to 
10 per cent. among ewes up to seven and a half years of age. The investigation is proceeding. 

(v) Inheritance of Wrinkling in Merinos and Crossbred Sheep-Sixty lambs (16 rams, 
12 wethers, and 32 ewes) were obtained from the mating of wrinkled C type Merino rams and Border 
Leicester ewes. When examined a t  bemeen 69 and 140 days of age, 56, 3, and 1 were adjudged 
to be A, B, and C class respectively. One ram, wrinkled equally with the other two, left all 
A class progeny. Similar matings, reciprocal matings (Border Leicester ram x Wrinkled Merino 
ewes), and Wrinkled Merinos x Wrinkled Merinos were made during the season. 

(vi) Establishment of arz Inbred Flock of Australian 1Werinos.-All the ewes and the ram 
were examined and classified with regard to fleece characters and conformation. Further, they 
were classified with regard to their degree of wrinkling. The breeding programme was commenced. 

(vii) Inheritance of Horns in Sheep.-Nineteen lambs were bred in the pooled merino flock. 
Examination of these and of their parents, also of all other sheep upon the Field Station and 
of approximately 1,600 merinos (ewes and wethers) in the north-east of New South Wales, 
showed that polledness is associated with 4 degrees sf characterizt~tion among sheep. The 
frontal bones may have, a t  the customary horn site, a depression, a skin-covered projection, 
small ill-formed horns replacing the skin-covering on the projection, or well-formed horns. 



Exploratory matings were made to investigate the independence or otherwise of these characters. 
As the maintenance of hornlessness is a problem in some breeds of sheep for stud-breeders, the 
investigation has a wider application than to the merino breed. 

(viii) A Genetic Study of the Jersey Breed qf Cattle in. Australia.-Por the reasons given 
in the last annual report, little further progress was made with this study. 

(ix) Zebu Hybridization.-No inspection was made of the experimental herds in the year 
under review. Ah. C. QT. Wright, of " Waverley ", again competed with success in the 
Rockhampton Chiller Competition. Although his exhibit of Zebu x Hereford crossbreds was 
disqua,lified because one of the steers was over age and weight, the published aggregate of points 
for all entries placed the hybrids second in order of excellence as judged. Arrangements have 
been made for the collection of killing floor data from crossbred bullocks for carcass appraisal. 
The report upon one group of half-bred, quarter-bred, and wholly British-bred cattle from 
" Waverley ", killed a t  Lakes Creek, was received and shows the following grading for all three 
kinds. 

The inspecting veterinary officer reported as follows :-" Examined as sides of beef after a 
week-end three-day ' chill ', the Zebus with two or three exceptions, had a beautifully ' hammy ' 
appearance of the butts (a splendid point) and a full depth of meat over the rumps and loins 
which were broad and had not that depressed look so prevalent on each side of the spine, as seen 
in cattle here when they begin to age, i.e. the loin sunk in only. On quartering, the Zebus 
mostly showed good ' marbling ' of the rib roast but the selvedge seemed too abundant for 
ordinary shop purpose here, nevertheless good for export to cold countries. Xome seemed 
over fat. " 

(x) Co-operative Work.-In addition to  the investigational work centred a t  the Station, 
assistance was given to officers of the Division stationed a t  the McMaster Laboratory in (a) the 
maintenance of inbred flock for experimental purposes, (b) the maintenance of sheep for periodic 
fleece sampling, and (c) the maintenance of sheep for parasitological investigations. A factual 
review of the fat-lamb industry was started and is being carried out in association with the 
State Departments of Agriculture and other bodies. Six meetings of Technical Sub-committees 
of the Australian Committee on Animal Production were convened and reports prepared. Two 
other meetings of Technical Sub-committees were attended. 

5. The An iml  Nrctritwn Laboratory, Adelaide.-(i) General.-The principles and methods 
evolved in the Nutrition Laboratory have been applied to the determination of the relative 
nutritional value of a number of fodders which economically might be employed to support 
flocks during drought in Australia. For this purpose, the two indirect calorimeters have been 
in constant use throughout the year. Recommendations have been made for the application 
of some of the findivlgs to station practice. Progress has been made in the study of the processes 
underlying the digestion of cellulose by ruminants. During the year, comprehensive experiments 
were started to determine the nature and degree of the changes in conformation and in wool- 
producing propensity which occur at  different levels of nutrition during the growing period of sheep. 
JYI the field of inorganic metabolism, the researches have resulted in the accession of many 
important facts to existing knowledge, and in the widespread application of the findings to the 
pastoral industry. 

(ii) Phosphorus Metabolism of the She~p.-During the last few years, the findings from 
experimental studies in the Nutrition Laboratory have seriously challenged the validity of a 
very general assumption that grazing sheep in Australia often, if not always, suffer ill effects 
owing to the relatively low concentration of phosphorus in the natural pastures. At frequent 
intervals, the Division has expressed the opinion that the widespread use of phosphatic licks is 
uneconomic and certainly not justified by experimental observations. In an attempt to bring 
final judgment on the validity of the assumption, rigidly controlled observations were initiated 
in 1935-36 a t  several sites in Australia where the soils are singularly devoid of phosphorus. 
These trials, for the most part, have now been conducted over a long enough period to provide 
the answers that were sought. The information obtained in every case upholds the original 
contention. 

Kind. 

4-cross . . . . . . . . 
$-cross . . . . . . . . 
British bred . . . . . . 

Number. 

12 
15 

402 

Reject. 

4 .1  
1 .8  
7 . 3  

Pirst Grade. 

89.6 
86.6 
75.6 

Second Grade. 

6 . 3  
11.6 
17.1 
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(a)  Wambanumba, Young, New South Wales.-Experiments initiated with ewe-weaners 
in 1936 have been extended another year in order to study the effects of phosphatic supplements 
on the capacity of ewes to carry and rear a second lamb. The floclis .vvhicli have been dosed 
with sufficient phosphate solution to provide an additional 1 gramme of phosphorus per day 
are not significantly different in general health or in their productivity from those which have 
received no phosphatic supplement ; the mean body weight, quantity and quality of wool produced, 
and the number of lambs dropped and reared, were taken as quantitative criteria. At their 
second lambing during the year over 80 per cent. of lambs were dropped by both the supplemented 
and control groups of ewes. In 1939 an experinlent was started a t  this site in order to determine 
if additional phosphorus might be required by young sheep to provide for their more rapid 
development when grazed on improved pasture. Four identical groups of ewe-weaners were 
selected. Two of these groups were grazed throughout the year on a sown pasture and two 
were grazed on an immediately adjacent area of uninlproved natural pasture. The sheep in 
one group of either pair received a supplcrnent of 1 gramme of phosphorus per day. While both 
groups on the sown pasture have grown better than those on the natural pasture, and a t  this 
period are 25 per cent. heavier, the phosphatic supplement has been observed to exert no effect 
in either case. 

(6) Penola, South-east of South Australia.-The experimental observation undertaken in 
1937 a t  this site will be concluded shortly with the study of the early growth of the second crop 
of lambs. In this experiment, phosphatic supplements have exerted no beneficial effect on body 
weight or on productivity as measured by wool weight and number of lambs. 

(iii) Energy Metabolism.-During the year, study of the energy metabolism of the sheep 
has been directed mainly to the immediately practical end of evaluating the capacity of various 
fodders to support their living processes. It has become obvious that the combustible energy of 
the digested material cannot all be utilized for this purpose. A large proportion of the energy 
derived through the metabolism of the products of cellulose digestion is useful only for maintenance 
of body temperature, and is wastefully dissipated when extra heat is not required for this purpose. 
A much greater proportion of the combustible energy derived from the digestion products of starch 
is useful for general maintenance. An experiment was started to determine the net efficiency 
of energy utilization by sheep when subjected to different levels of feeding. 

(iv) The Digestion of Cellulose.-Although the bacterial degradation of cellulose in the 
ruminant paunch to products which may be utilized by the animal is, economically, perhaps 
one of the most iaportant single factors in animal industry, very little is known of the processes 
involved. The results of several studies of certain aspects of this phenomenon may be summarized 
as follows :-(a) The Micro--ora Responsible.-,4tternpts to isolate the micro-organisms which 
digest cellulose in the ruminant paunch have everywhere met with little success. A number of 
strict and partial anaerobes have been isolated which are capable of attacking cellulose, but the 
rate of digestion and the nature of the end products of such cultures renders i t  clear that 
any one of these species is not alone responsible for the r~markable in vivo activity. It has been 
reported previously that the physico-chemical environmeilt of the paunch contents is maintained 
remarkably constant, and, with little doubt, this rnillezc favours the developlllent and activity 
of a mixed culture of organisms which are responsible for the extraordinarily rapid cellulose 
digestion by ruminants. (b) Methane Production.-IVhereas methane is a gaseous end product 
invariably observed to arise from cellulose digestion in ruminants, cellulose-splitting organisms 
isolated from the paunch, as a general rule, produce hydrogen. The hypothesis that a t  least 
two distinct types of micro-organisms are concerned in the normal digestive process is supported 
by the observations that (1) methane production by the sheep decreases rapidly during fasting 
and disappears almost completely by the fourth day ; (2) recovery of methane after resumption 
of feeding is variable ; (3) methane production returns to normal within four days after the 
resumption of feeding subsequent to fasts of short duration, u~hercas after longer periods of 
fast which extend for fourteen days or more it may be delayed for several days and under these 
conditions hydrogen is invariably present. The organisms which convert the hydrogen evolved 
during the fermentation t o  methane evidently are not sufficiently resistant to withstand the 
change of environment within the rumen during a fast of long duration. The evolution of 
hydrogen was observed to be changed rapidly arid completely to methane by drenching the 
animal with the mixed culture of organisms in normal rumen contents. (c) The Nature of the 
End Products.-Study of large numbers of samples of contents has revealed that reducing 
sugars do not appear as products when cellulose is digested by micro-organisms in the rumen. 
The main products of the bacterial cleavage of celll~lose are methane, carbon dioxide, and the 
fatty acids, acetic acid, propionic acid, and butyric acid. These acids form the main energy 
source in ruminant nutrition. (d) The Utilization of the Products of Cellulose Digestion.- 
Investigations of the energy transactions of sheep maintained on diets in which cellulose provides 
the major source of energy supply have shown that the metabolic rate of the animals is very 
materially enhanced, and it appears that, irrespective of the loss as methane, over 50 per cent. 



of the combustible energy of the digested straw is dissipated in the increased metabolism. This 
is in reasonable quantitative agreement with the observed facts discussed in %he previous section 
and suggests that sheep, like other animals, are unable to store the energy of acetic acid or to 
utilize it for ally function other than the maiiltenance of body temperature. Evidently, propionic 
acid is converted to glucose and utilized normally. I t  was observed that ewes deprived of 
glycogen stores by starvation and injection of phloridzin increased their urinary output of 
glucose and decreased their output of nitrogen after consuming 400 grammes of pure cellulose. 

(v) Droughi Peeding.--Several lines of research developed during r;he last few years have 
converged on the broad subject of drought feeding, where the main problem is to support sheep 
over long periods a t  minimum cost. The knowledge obtained from fundctment:tl energy studies 
has been applied to the problcm of assessing the comparative usefulness of various grains, 
concentrates, and roughages which are economically feasible for hand feeding. During the year, 
over 150 individual energy and nitrogen balances have been conducted with sheep fed on different 
combinations of foodstuffs, and from the data thus obtained the capacity of each fodder to 
supply both useful energy and energy for heat production has been determined, as well as the 
comparative capi-icity of each fodtler to supply the raw materials for wool growth. Feeding 
tables for the maintenance of sheep on these fodders have been drawn up. As a further test, 
observations were started on sheep confined ia Fens and fed a t  the very low l~vels which the 
energy balance determinations suggest will be sufficient to maintain life. This project is 
supported by grants from the Australian Wool Board. During the year a detailed study was 
made of the changes in metabolism of the sheep during lengthy periods of fasting. 

(vi) The I.nJluence qf the State of Nutrilion on Wool Proclzhction.-The study of the effect 
of the level of protein and of available energy in the diet on the wool production of the mature 
merino sheep was extended during the year, and the relationships previously reported were 
amply confirmed. Preliminary studies suggested that the adequacy or otllerwise of the diet 
during development influelices to a very considerable degree the subsequent efficiency of the 
sheep as a converter of matter and energy. Experimental observations were started to determine 
the effect which the nutritional level during the growing period exerts on the subsequent wool 
producing propensity of the merino. These include a detailed study of the conformation, skin 
characteristics, wool-producing capacity, and of the efficiency of each individual of two matched 
groups each containing fifteen fine-woolled merino lambs. One group is being fed a t  a level 
typical of a poor nutritional environment, and the other a t  a level which ensures a maximum 
rate of growth. Changes in conformation and striking alterations of wool type were manifested 
early. Two further groups, matched by taking one from each of fourteen ewe twins of South 
Australian strong-woolled ewes, have been selected and placed in pens for similar observations. 

(vii) Bovine Hacmaturia.-Investigations into the possible association with the disease 
of continued ingestion of certain trace elements have been continued. The majority of the 
unusual inorganic conlp~nent~s of the fodder from areas where the disease is enzootic have been 
successively eliminated from suspicion as possible causal factors. In this manner, attention was 
finally focused on molybdenum. It is recognized that traces of molybdenum are present in 
very many biological samples, hut it appears that the molybdenum content of the pasture from 
a t  least three areas in Xoutli Australia and Victoria, where the disease is still occurring, is 
consistently higher than normal. Cows clrpastured on these areas show an abnormally high 
storage of molybdenum in the liver, while the faeces and urine also show a notable molybdenum 
content. It has been found that the application of gypsum to the soil of the affected areas results 
in a marked decrease in uptake of molybdenum by the pasture. This is in accordance with the 
observed fact that top-dl-essing the pasture with gypsum delays the incidence of the disease 
appreciably but may not prevent its eventual onset. It is considered that the effect of the 
gypsum in lessening the uptake of molybdenum by the pasture is probably brought about by the 
modification of the clay complex in the soil whereby the molybdenum is rendered less available 
to the pasture. The diseasc of comls known as " teart ", which occurs in Somerset, is also attributed 
to ingestion of molybdenum-bearing pasture, but the amounts of molybdenum involved are 
far in excess of those wliich obtain on llaeniaturia areas. It is considered possible, therefore, 
that the pharmacological symptoms associated with long-continued ingestion of much smaller 
amounts of molybdenum may differ widely from those claimed to be caused by relatively large 
intakes of the same substance. With the object of decidir~g this point, an experiment was 
started in which both stall-fed cows and animals on pastures are receiving  addition^ of molybdenum, 
as anlmonium molybdate, to their fodder in amounts calculated to approximate those obtaining 
from the natural pasture on certain areas where haematuria is enzootic. 

(viii) Plant Proicins.-Investigations described in the last report have led to the tentative 
conclusion that the amino acid composition of the whole protein of the leaves of all 
monocotyledonous and dicotyledonous plants is very similar, and it was pointed out that if this 
generalization is established, it should follow that the nutritional difference between fodder 
proteins should not be great. The purely chemical studies have been extended and analyses 



of preparations of the protein from the primitive species SeZuqilzella and from the fronds of 
Pteredium aquilina indicate that the chemical maire-up of the protein of Selagi~aella departs 
relatively little from that of the leaf proteins previously studied whereas the protein of Ptercdium 
is distinctly lower in tyrosine and trypophane. Preparations have also been made from healthy 
and from mosaic-virus infected leaves of Nicoticana tabacum, and the arlalytical observations 
suggest that the properties of much of the non-virus protein in the infected tobacco leaves 
undergoes considerable change. The hypothesis which implies that the protoplasmic proteins 
of leaves are all of very similar composition is of far-reaching nutritional importance. In  
consequence, the possibilities of overcoming the technical clifficulties which are encountered 
when an attempt is made to separate quantitatively the protein of plant tissues in a form sl~itable 
for the determination of biological value have been examined further. The activity of the 
Animal Products Research Foundation chemist has been devoted entirely to this latter project. 
Separations from perennial rye-grass resulted in a fraction containing 12.1 per cent. nitrogen 
and one containing 5 per cent. nitrogen, the former representing 40 per cent. and the latter 
35 per cent. of the total nitrogen of the leaves. The unrecovered 25 per cent. was accounted 
for in various fractions of the discarded washings and fibrous residues. The protein contained 
in the former fractions was founcl to have a biological value of approximately 70, which compares 
favorably with that of 68 for the whole protein of wheat and with that of 70 for the whole 
protein of maize, when estimated by the standard balance sheet methods a t  fixed intake with 
the mature rat. Similar preparations have been separated from subterranean clover, JTimmera 
rye-grass, Kikuyu grass, and lucerne for the estimation of comparative biolo$ical values During 
t'he year, the problem of the biological value of fodder proteins has been investigated from an 
entirely different angle by measuring their capacity to support wool growth in the mature merino 
sheep. By this means, a marked supplementary relationship has been demonstrated to exist 
between lcaf and seed proteins. 

(ix) Physiological Studies.-(a) The Process of Deglutition in Sheep.-The study of the 
course taken by imbibed fluids through the complex forestomachs of the sheep has been continued. 
Observations on the passage of milk when sucked from a bottle have been extended to sheep 
with a wider range of age, and it has been found that, providing the animals are allon~ed to suck 
frequently, the general tendency is for the fluid to pass direct to the abomasum. Although 
both the act of sucking and the composition of the fluid are positively involved, the reflex is not 
directly dependent on either of these factors. Investigations of the influence of age on the 
path taken by water mixed with the X-ray opaque material, barium sulphate, when administered 
by gravity drenching, have been continued until the animals have reached approximately four 
years of age ; the results indicate that there is no uniform influence of age on the passage of 
fluids administered in this manner. Passage of fluids to the abomasum when administered by 
gravity drenching has been found to be due in part to mechanical stimulation of the mucous 
membrane of the mouth during drenching. The area susceptible to mechanical stimulation 
and the degree of response would appear to vary in different animals. Solutions of copper sulphate 
have been found to have a uniformly strong influence on the passage of fluids in many animals, 
a variable influence in some and no influence a t  all in a few. Solutions of copper chloride and 
copper acetate have been observed to exert a similar effect. This evidently is not associated 
with the astringent action of the copper solutions because solutions of strong astringents such 
as potassium alum, lead acetate, and tannic acid were observed to have no influence. 

(b) The Passagc of Inorganic Materials in and out of the 1ntestl:ne.--Previous reports have 
mentioned investigations which have demonstrated that lignin is totally undigested in the sheep. 
This normal dietary constituent provides an inert reference ideally suitable for the study of 
absorption and excretion within the intestinal tract. By utilizing the ratio that lignin bears 
to the various inorganic constituents in the contents a t  various levels of the intestinal tract, 
i t  has been indicated that potassium salts are rapidly washed out of the rumen contents and 
absorbed mainly in the large intestine. Sodil~m salte which are added in considerable amount 
to the rumerl contents through the constant flow of saliva, and to the tluodenal contents tllrough 
the panereatin secretions. are absorbed mainly in the caecum. Calcium salts are abuorbed in 
the ileum, excreted to a great extent in the caecum, and voided in the faeces. The absorption 
and excretion of heavy metals is being in~estigated further. 

(x) Coast Disease.-(a) Experiments at Robe, South-east of South Australia.-The 
experiments a t  this site have been continued. In order to establish the quantity of copper 
necessary to fulfil completely the requirements of sheep when dcpastured on the deficient calcareous 
sands, i t  is essential that observations be conducted over a period of years. The groups of ewes 
which in addition to 1 milligram of cobalt per day have received 5 milligrams of copper and 
10 milligrams of copper per day, respectively, have been submitted to the strain of a second 
pregnancy. In  order to determine if ataxia in the young lamb is the invariable result of 
uncomplicated copper deficiency of the parent ewe, the observations are being continued on 
ewes which since the beginning of the experiment in 1938 have received only cobalt. 



(b)  Copper Deficiency.--Copper Metabolism of Sheep.-Field experiments a t  Robe have 
revealed that sheep grazing on the calcareous sands may ingest licks which contain sufficient 
copper to provide an average cons~lniption of up to 100 milligrammes of copper per day for a t  
least eighteen months without apparent harmful effect and without storing unduly high amounts 
in their tissues. As this is contrary to experience with sheep fed under different conditions with 
similar quantities of copper, elr~~crimental investigations of the factors which control copper 
assimilation and storage have been initiated. Field experiments have shown that, although a 
supplement of 1 milligramme of copper per day is insufficient, 5 milligramuies of copper 
per da,y will maintain sheep in normal health for a t  least three years while grazing a t  Robe. 
Experiments in Adelaide l~ave indicated that sheep do not readily develop copper deficiency 
symptoms when fed in pem on fodder produced a t  Robe. It has been reported previously that 
appropriate treatment allows the separate study of either cobalt or copper deficiency, deficiencies 
which when combined give rise to coast disease. Further study of copper deficiency has indicated 
that merinos are particularly prone to the effects of a shortage of copper in the pasture and that 
they will develop untoward symptoms and die under conditions ~ h i c l i  are withstood by cross-bred 
sheep for a much longer period. The reason for this is obscure a t  present. The appearance of 
symptoms in flocks grazing on copper-deficient pastures appears to be governed not only by 
age and previous nutritional history of the sheep but also by seasonal factors, and intensive 
studies of the physiological mechanisms which are adversely affected in copper-deficient sheep 
reveal the serious impairment of the normal utilization of iron and the fact that the concentration 
of the oxygen carrier, cytochrome c, in the tissues is reduced, and the enzyme, cytochrome c 
oxidase, which catalyses the re-oxidation of reduced cytochrome, is seriously depleted. 

(c) Cobalt Dejiciency in Sheep.-In order to provide the knowledge which is necessary if 
the areas where grazing sheep suffer from an incipient deficiency of cobalt are to be readily 
recognized, experimental observations have been undertaken to determine the minimum amount 
of cobalt which is essential to fulfil the nutritional requiremente of the sheep. Chemical studie~ 
have clearly indicated that the amount ingested from normal pastures is extraordinarily small 
and that the quantity retained by the tissues of normal animals is minute. The difference between 
the cobalt concentration in the tissues of healthy ewes on normal pastures and that in the tissues 
of ewes eupplemented with 1 milljgrnmme of cobalt per day while grazing on seriously deficient 
country, indicates that the intake of tlie quantity supplied in the supplement is apparently far 
in excess of the actual mineral requirement. This is supported by the results from field experiments 
a t  Robe, where a group of ewes supplemented with only 0 .1  milligramme of cobalt per day have 
remained perfectly healthy for the past twenty months and have lambed twice ~vllile depastured 
on country where untreated controls exhibited typical deficiency symptoms in a few months 
and died within a year. At this site, the therapeutic effects of doses of 0 . 1  milligramme cobalt 
per day are being contrasted with those which follow dosing with 1 . 0  milligramme of cobalt 
per day. The seasonal variation of cobalt in the main pasture species is being determined, 
Results from studies a t  the laboratory indicate that, although the therapeutic administration 
of cobalt to cobalt-deficient animals by drenching or by incorporation in the food results in 
dramatic recovery, similar amounts injected intravenously are without effect on the progress 
of the deficiency symptoms. Cobalt injected intravenously bas been found to be excreted 
rapidly in the urine and in the faeces. 

(d) Ataxia.-Experimental observations a t  Robe indicate that some ewes transferred 
from sound country to copper-deficient areas may retain sufficient copper for one normal lambing, 
although the concentration of copper in their blood may be reduced to very low levels. Although 
the degenerative changes in the central nervous system leading to ataxia occur characteristically 
in the lamb, one of three surviving animals of a group given only 1  milligramme of cobalt pek 
day since 1036, while continually depastured on the coasty country a t  Robe, recently developed 
the clinical  symptom^ of ataxia a t  the age of approximately four years, after manifesting copper 
deficiency symptoms for two years previously. The identity of the disease was established by 
observation of typical lesions in the spinal chord. 

(xi) Agrostobgical Irzvestigations.-Sown Pasture and Cereals on Copper DeJiciefit Soils 
at Robe.-Further investigations have been undertaken in connexion with the establishment 
of improved sown pastures and cereal crops on the copper-deficient soils in the south-east of 
South Australia. Trials and observation have shown that the soils which respond to dressings 
of copper extend along almost this entire coast-line, and often many miles inland, from Port 
MacDonnell to Meningie. In these affected areas, yields of oats have been increased from under 
10 bushels to over 20 bushels per acre, and pronounced improvement in pastures has been obtained 
by copper application. Experimental observations indicate that copper is most conveniently 
applied \\hen the seed is sown. Withholding the application until October was observed to 
reduced the grain yield by 38 per cent. A dressing of 14 lb. of copper sulphate per acre is to be 
recommended fcr general purposes, but the most economic rate for different crops on each of the 



many responsive soil types must be determined by experience. The marked benefit which 
supervenes on the application of copper to pastures and crops in the aff ectcd areas has been 
observed for three years aftcr a single application. Special supcrphosphate and copper mixtures 
are now available on the market. Plants in the field a t  Robe that had responded to treatment with 
copper sulphate were found t o  be not entirely normal in appearance a i d  in yield characteristics. 
The effect of several trace elements, in addition to copper, has therclfore locen investigated. It was 
found that oats responded t o  the application of zinc sulphate. \Vith c+opper alone, the grain 
yield of oats was 10.6 bushels per acre, but with the further addition of z i ~ ~ c  sulphate the 
yield obtained was 18 bushels. Symptoms apparently due to zinc deficiency were observed 
in oats when growin in pot cultures of lZobe sand in 1939. Experiments t o  determine the effect 
of zinc on several different crops and pasture species are in progress. Nitrogen deficiency is 
common on the calcareous sands. The application of nitrate of soda in the autumn did not 
improve the grain yield of oats, but when carried out in the spring it was observed to increase 
the grain yield by 55 per cent. and the straw yield by 90 per cent. Sulphate of ammonia, applied 
either in autumn or in spring, was quite ineffective. The growing of peas before cereal crops is 
to be recommended. The beneficial effect of potash dressings in these areas has been confirmed. 
An increase of 76 per cent. in the grain yield and 65 per cent. in the yield of straw was obtained 
on the loose sand by the application of 1 cmt. per acre of sulphate of potash. On a better class 
of calcareous soil, an application of 56 lb. sulphate of potash per acre in the spring increased the 
yield of oats by 25 per cent. Further investigations into the depressing effect of superphosphate 
under field conditions have shown that the phospl~ate itself is responsible. Lime and gypsum 
had no effect. In pot culture, the application of phosphate increased the grain, and particularly 
the straw yield of oats grown on the Robe sand, and there is evidence to suggest that a phosphate- 
trace element interaction is the cause of the anomaly. Great differences have been shown to 
exist between the cereal varieties in their resistance to copper deficiency and in their response 
to applied copper. It has been observed, however, that most varieties of wheat, oats, and barley 
grown in the calcareous soils to which copper has been applied gave greater yields than rye, which 
hitherto has been the standard cereal crop in the severely affected areas. Satisfactory stands of 
lucerne have been established on the loose sand a t  Robe. Treatment with copper sulphate was 
observed to be essential. Small applications were used and the lucerne was observed to be in a 
healthy and vigorous condition two years after the original treatment. Rlack medic and perennial 
rye-grass pastures sown down with copper sulphate have developed well, and the value of cover 
crops in the establishment of pastures on the calcareous sand has been demonstrated. 
Experimental results obtained with the cereal " indicator " plants are being investigated in 
relation to pasture establishment. 

6. Natiocnal Field Station, " Gilruth Plains ", Queens1and.-The year was not a very good 
one from a seasonal point of view. Pair rains fell in August, but later only showers of less than 
1 inch were received ; in consequence, the llIitchell grass made no erowth and feed generally 
became scarce. Stock, however, remained " in good heart ". A fa~rly severe fly wave was 
experienced in the early spring, but none a t  all in the autumn. Thus observations on the control 
of fly strike were restricted and results from many experients have been delayed. 

(i) Ply Strike Observations.-(a) Dr. Watt's Blue Treatment for Strike Prevention.-This 
experimcnt was concluded during the year ; the results showed that the blue raddle applied 
to the breech of sheep had no effect in preventing strike. An account of the experiment has 
been published. 

(b) Manchester's Treatment for Strilce Preventiolz.-A fairly large-scale experiment was 
started to test the efficacy of this treatment in comparison with the Mules operation and with 
untreated controls. The experiment was commenced in October, immediately after the sheep 
were shorn. Tlre treated sheep required some after-care, and the end results were unsatisfactory 
in some cases but more satisfactory in others. The method does not lend itself to application 
on a wide scale on large flocks. Observations on the protective value against fly strike are not 
completed. 

(c) Bzect of Tail Length on Susceptibility to Strike.-Observations on strike incidence during 
the autumn and spring of 1939 in the weaners with different tail lengths indicated that animals 
with short tails were more susceptible and those with tails about 4 inches long less susceptible 
to strike than were sheep tailed a t  the usual length. The percentage of strikes in the long, medium 
and short tailed groups between lamb marking in November, 1938, and shearing in August, 
1939, was 36.3,75.0 and 81 .9, respectively. These figures do not include strikes in tailing wormds. 
These sheep were classed and the culls disposed of, the remainder being retained under observation. 
There did not appear to be any significant differences between the groups in the proportion 
culled from each. It would appear, therefore, that the higher incidence of fly strike in the short 
and medium tailed groups has not influenced the classing of the sheep. 



(d) Eflect of Tail Length crnd Mules Operation Performed at Marking on Susceptibility to 
Strike.-Observatior~s were commenced with the 1939 drop of lambs using four different tail 
lengths with and wit'hout the Mules operation. The object is to  (icternline if the longer tail 
length, which by itself offcrs some protection against strike, will supplement the protective value 
of the Mules operation. 

(e) Dressings for Lambs at Marking.-At lamb marking in November, 1939, a test was 
carried out of several repellent substances which have shown promise in the laboratory and in 
small-scale tests. Owing to the cessation of fly activity at  marking time, however, no results 
of value were obtained. 

(f) Breech Confmmation of Sheep and Strike Incidence.-Observations have been made 
periodically on the breecll conformation of all the ewes, more particularly the younger ones, on 
the property, and these observations are being studied in relation to one another and to strike 
incidence. The observations so far on the younger sheep tend to show that big changes in 
breech conformation may take place as the animal grows and that they are to some extent related 
to seasonal conditions. The observations are being continued. 

(g) Fly Population Studies.-Three traps have been set up in three different situations, 
typical as far as po~sible of different types of coilntry, and are cleared weekly. The catches 
are sorted into the more important species from a fly-strike point of view and counted. 
Sufficient data have not yet been accumulated to enable comments to be made a t  this time. 

(h) Observations on the Bretiding of the Sheep  wagg got Plies.-Studies have been commenced 
on the flies bred from carcasses of small animals nrlder various conditions. Plans have been made 
to extend these studies, in collaboration wit,h the 1)ivision of Economic Entomology, to include 
sheep and other animals to determine the species of flies bred from carcasses and from strikes. 
In this way the main breeding grounds of the sheep maggot flies will be determined. 

(ii) Shearirzg of Lambs.-An experiment, commenced in January, 1939, was designed to 
measure the difference in results obtained from shearing lambs a t  about four rnoiiths of age and 
again as hoggets on the one hand, and of leaving lambs unshorn until the hogget shearing on the 
other. Results have been obtained which show that in mean body weight the twice-shorn sheep 1 were slightly heavier than those shorn once ; the difference, however, was not statistically 
significant. Strike incidence was very marhedly higher in the once-shorn group although they 
were crutched once (luring the autuniii fly wave. The total wool cut was 9 oz. greater from the 
twice-shorn group than from the once shorn, but cost and returns were slightly against two 
sheariiigs. No definite conclusions can be drawn from the experiment as there are too many 
variables which cannot be allowed for in one year. The experiment is to be repeated in the 
near future. 

(iii) Fertility in Merino Ewes.-Observations were continued on the periodicity of oestrus 
in merino ewes. These observations form part of the work which is centred at  the Mclllaster 
Field Station. 

(iv) Observations on Routine Sheep Classin,g as related to ~S'trike Incidence.-Observations 
made so far tend to show that, evcn when prodisl~osition to  fly strike is disregarded in classing, 
there is a much higher percentage of the highly predisposed sheep culled than there is of the 
less predisposed class. This would tend to reduce the incidence of strike in a classed flock. 
These observations will be continued and extended where possible. 

(v) Greasy Dressings for Prevention of Wasty Tip.-Observations have been carricd out in 
collaboration with the IlcJiaster Laboratory on the possible advantages to be gained by applying 
greasy dressings to the wool in order to prevent wasty tip. The observations so far have not 
yielded any promising results. 

I 
7. Investigations in Western Australia.-Co-operation with officers of the Western Australian 

Department of Agriculture was continued during the year. This -was chiefly accomplished by 
the assistance given to these officers by a biochemist of the Division working under their immtldiate 
direction. Studies on mineral deficiency diseases of stock were continued. The diseases are 
known locally as Gingin, falling, and wasting disease respectively. Qingin disease and falling 
disease appear to be marrifestations of copper deficiency, and wasting disease, although mainly 
due to a deficiency of cobalt, appcars to be complicatcitl by a copper deficiency, a t  least i11 some 
instances. The work of the biochemist was concerned mainly with analyses of blood and other 
body tissues and fluids as well as of pasture plants. 

8. Investigatims in Tasmarbia.-Co-operative investigations were continued with officers 
of the Department of Agriculture on problems of sheep husbandry. 



V. SOI1,S INVESTIGATIONB. 
1. General.-The work of thc Division of Soils has continued from last year with a wide 

programme of investigations. The Division is associated with, and works in close accord with, 
the Waite Agricult,ural Research Institute of the University of Adelaide, which provides 
head-quarters and laboratory facilities. A considerable part of the Division's activities lies in 
the field, and work has proceeded in three States-South Australia, Victoria, and Tasmania- 
during the past year. In the coming year interests will become active in both New South Wales 
and Queensland as well as the other States. A pleasing feature throughout has been the ready 
co-operation of the forestry, agricultural, and irrigation services in the States concerned. All 
scientific effort in agriculture sllould be directed towards a better and fuller use of the land. 
The soil is of prime importance in this regard, and the soil survey provides the essential basic 
information for the proper development of land resources. The main object of the Council's 
soil investigations are, therefore : - 

(a) To establish a centre for the systematic investigation of Australian soils and 
soil problems in order to provide a fundamental basis for sound advisory 
and administrative work of the State Departments of Agriculture, Lands, 
Irrigation, and Forestry. 

(b) To make soil surveys of virgin areas for future settlement and development and 
of such settled areas as present problems of ininlediate importance. 

The various State authorities have given increasing co-operation and support to the 
surveys and particularly in regard to the interest shown and reliance placed on data supplied. 
The time is not far distant when no move in land development will be made without adequate 
soil studies being made previously. 

In April, 1940, one officer was seconded for a period of two years to the Research Division 
of the Queensland Department of Agriculture specifically for investigations into the relationship 
of soils to cotton growing with and I\-ithout irrigation. An officer of the Queensland Department 
began a twelve-month period of research in the Division's laboratories. 

During thc year two officers returnrld fr-orn the United States and Canada, where they were 
engaged in soil investigations, one in connexion with soil surveys and cognate subjects, and the 
other in research on the character and properties of clay minerals. 

In August, 1939, a highly successful " school " for those interested in soil science was 
organized by the Division under the auspices of the Council and of the University of Adelaide. 
Lect~~res,  demonstrations, and discussions over a period of ten days were fully appreciated. 
An official attendance of 58 included 37 representatives from other Divisions and of State 
Departments of Agriculture, Forestry, Lands, and Chemistry. New Zealand was also represented. 

2. Soil Surveys.--Field worli has continued on two large projects, and the survey of four 
new areas has been opened in three States. 

(i) The South-east of South Australia.-In March, 1937, a soil survey was commenced in 
the lower south-east of South Australia. In this locality there are considerable areas, totalling 
about 100,000 acres, of softwood plantations, principally Pinus radiata, controlled by the Woods 
and Forests Department of South Australia and by private companies. There is also considerable 
promise of increase in settlement and development of the pastoral industry with both sheep and 
dairy cattle. Apart from restricted areas around the chief towns, Mount Gambier and Millicent, 
and in the Glencoe valley, where settlement is very close on an area of good volcanic soils, most 
of the country is held in large areas in various stages of development or as virgin land. The 
rainfall, which is well distributed throughout the year, is in the neighbourhood of 30 inches per 
annum. 

The first units in the survey to be undertaken were the pine plantations of the Woods and 
Forests Department of South Australia. In these areas there are a number of features which 
show a relationship to soil type, such as the incidence of die-back disease and the association 
of tree growth and timber quality. During the course of the survey one of the officers of the 
Woods and Forests Department accompanied the field parties. By this means an intimate 
knowledge of the soil types was passed to the Woods and Forests Department, and since the 
completion of the survey the Department has undertaken an assessment of the value of the 
various soil types for timber production and an investigation of the cause of any variation in 
tree growth on any particular soil type. Data collected &ring the course of the survey suggested 
that die-back disease might be caused by a deficic~ncy of copper, and the State Department is 
investigating this further. 

After the completion of the forest areas, the survey was extended to cover the remainder 
of the hundreds of Riddoch, Hindmarsh, Grey, anti Nangwarry. Here, except for private pine 
plantations and some natural hardwood forests, the country is aln~ost exclusively used for pastoral 
purposes. The survey of this 400 square miles of country was completed in May, 1940. 
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The land forms of the south-east of South Australia consist of a series of old coastal 
ranges parallel to the present coast-line and separated from each other by flats or plains of 
variable width. At the southern end of the ranges this scheme has been modified by numerous 
small volcanic ash and basaltic intrusions. An extensive system of drainage of the flats has 
been installed and is controlled by the South-eastern Drainage Board. 

The soils of the ranges are the principal centre for forest activities, and some of the soils 
concerned are not suited to other agricultural development. Associated with the flat areas 
and on the transition from range to flat are a number of soil types of widely different kind, but 
mostly of value for pasture purposes and in some cases for pines also. All these soils seem 
capable of greatly increased production under pasture of rye-grass, cocksfoot, Phalaris, and 
strawberry, white, and subterranean clovers, which i t  appears can all be used to advantage with 
a top-dressing of superphosphate. The situation has arisen of the pine tree coming into competition 
with grazing pasture as a commercial crop, and the soil survey serves a useful purpose in providing 
a soil type basis for assessing the value of the land for any particrilar purpose. From the survey 
a rating of the probable production capacity of timber from pines or under pasture in terms of 
sheep per acre can be made. 

The spreading of the survey in the future over a widening circle from the present well 
investigated 450 square miles through the better rainfall country (more than 20 inclles) in the 
south-eastern districts, affords a m~orthy objective for subsequent study. 

(ii) Murray Vnllcy Isrigafion Area.-Cobram District, Victoria.-This survey continued 
through most of the year and now totals 250 square miles, comprising the conlplete parishes of 
Roosey, Katamatite, Cobram, Yarroweyah, Strathmerton, and Naringaningalook in the Co~mtv 
of Moira, Victoria. There is considerable variation in the nature of the soils and in their respecti&? 
values for irrigation purposes. Since the water available permits an  allotment of a water right 
for only one acre in four of each holding, the design of farms often involves proper selection of 
sites for irrigation. Soil survey work is keeping ahead of channel construction so that soil maps 
and data are a,vailable to the State Department of Agriculture and the State Rivers and Water 
Supply Commission in Victoria who are collaborating in the work. The surveys are proceeding. 

(iii) Cressy District, Northern Tasmania.--ln 1936, the Tasmanian Department of 
Agriculture asked for soil surveys of two small areas a t  Illawarra and k'laitland near Longford 
in northern central Tasmania. These surveys were used as a basis for field trials on subterranean 
clover pastures which are of an unsatisfactvry type in this Cressy-Longford district. The a f  ected 
soils extend as far west as Westbury. 

Foliowing field and pot experiments by the Department of Agriculture and the small 
surveys with additional laboratory investigation by the Soil Division, it was decided to cover 
all the affected area with a soil survey. and this was bepun in January, 1940. The area lies in 
the angle formed by the lake, S. Esk, and Meander Rivers and covers approximately 140 square 
miles. This suryey will serve to delineate the affected soils, provide a basis for extension work 
on the results of exp~riments which have already yielded valuable data, and will assist in the 
evaluation of diffelent lower situated lands for possible irrigation development. The Cressy 
Experiment Farm lies within the area. Approximately 100 square miles have been covered 
this year. 

(iv) Wnikerie Irrigation Area, Xouth Australin.-The field survey and laboratory study 
of the soils of this settlement have been completed. This unit of 5,000 acres completes the survey 
of the chain of irrigated horticultural settlements in the Murray Valley in Victoria, Ncw South 
Wales, and South Australia. The soils conform largely to those Mallee types previously 
encoiintered, but the area is distinguished by the large proportion of sandy rises and the very 
stony nature of considerable sections. An attempt was made to define the incidence of certain 
tree deficiency diseases in relation to some soil types. 

(v) Yudnapi~znca Statiorz Survey, South Australia.--Some detailed soil and ecological 
studies were carried out on part of the Yudnapinna Station, 60 niiles north-west of Port Augusta, 
to serve as a basis for observations on soil erosion and plant regeneration by the Waite Institute, 
Adelaide. An area of 25 square miles was studied in detail and classified as to soils and plant 
associations. It was felt that collaboration with agronomists of the MTaite Institute to develop 
the soil aspect might make the study of the conservation of soil and vegetation in low rainfall 
country more complete. In July, 1940, further assistance will be given in providing n background 
of soil information and ecological data for the agronomic work to be undertaken subseqnentlv. 

(vi) Kangaroo Islanjd, South Australia.-Reconfiaissa9zce Survey.-A rapid reconnaissance 
survey was made of the virgin areas of Kangaroo Island with a view to sttidying the variation 
within soil groups and the general distribution of the groups. A closer esamination was made 
of 5,000 acres on which experimental work on legume establishment had proceeded during the 
previous pear (see (3) Soil Microbiology). The soils were classified according to native vcgeta,tion 



associations. A number of representative samples were collect,ed and nnalysed. The possibility 
of developing these poor soils in a high rainfall zone opens up an important problem for South 
A~lstralia. The soil work covers the first stage jn the attack. 

Cotton Soils in Queens1and.-In April, 1940, an officer was secor)ded from the Division to 
the Research Division of the Queensland Department of Agriculture and Stock specifically to 
deal with soil investigations in cotton growing. A rapid pclliminary inspection was made of 
certain areas under or proposed for cotton in the Callide and Dawson TTalleys. A pl;~n has been 
drawn up for an examination of certain portions of these districts, particult~rly witha view to 
using irrigation water on them as a supplement to rainfall for the cotton crop. This work is 
under the direction of the Qneensland Department of Agriculture and Stock, the Soils Ilivision 
acting only in an advisory capacity. 

- ~ e r ~ a l  ~ h o t o ~ r a ~ h ~ . - ~ h e  use of aerial photographs has become standard practice for 
field use by the soil survey section wherever practicable. The accuracy gained and additional 
speed made possible by the photog~aphs makes them wol*th while, apart from such desirable 
features as being a record of present land use and providing base maps where land survey datIa are 
incomplete. It is current practice now to use the photographs for direct nli~pping in the field. 
During the past year the Wakool Area of 500,000 acres in Kew South MTales was flown for the 
Division bv the Roj~al Aust'ralian Air Force, and prints are available for beginning this silrvey 
1 1 1 4 0 .  A set of prints from earlier aerial photographs of part of northern Tasmania has 
been used for the Cressy survey with particular aptness in checking base maps. A small area 
of 25 square miles and several strip flights were photographed on Yudnapinna Station, Soutli 
Australia, wherfl work on soil erosion studies is nnder m7ay in conjurlction with Che MTaite Institute 

3. Soil Microbiology.-lnvestigzltions in soil mjcrobiology have progressed along the linea 
previously indicated. An e~~deavour is bcing made to clarifv some of the fundamental principles 
which govern the efficiency of the Rhizobitm-host plant association. The influence of the host 
plant has proved to be of paramount importance in the occurrence of ineffective nodulation. The 
three separate species of Rhiwhium associatrd with the Medicago-Mulilotus, the Trifolizim, and 
the Vz'cia-Piszlm-Lathyrus groups havo received particular attention, and highly effective strains 
for the common pasture or crop legumes within these groups have been isolated and are being 
maintained. Adaptation or mutation of strains is being studied, and also the influence of specific 
bacteriophage. Strains of Rl~izobi~rm which will infect the Lima bean have a t  last been isolated, 
the soil n~at~erial on this occasion conling from overseas fields which had produced IJma bean 
crops. The technique of drying culturcs nnder vacuum for storage has been ~ucccssfully adopted. 
The possibilities of employing the technique for the production of field cultures are being 
investigated. Tlle protective action of various colloids, factors influencing viability of dried 
materials, and the efficiency of various methods of secld transmission are the main features being 
studied. 

In the field of practical application of seed inoculation, close contact has been maintained 
with farmers engaged in developing poor soils. The problem is not merely one of introducing 
effective nitrogen king-bacteria, but largely of defining the soil conditioris necessary for bacterial 
activity and the successful growth and maturation of pioneer legumes. On Kangaroo Island 
these have proved to be exceptioually complicated, and a progranlme of field experiments has 
been adopted in order to assist in the definition of the problems involved in the development of 
agriculture on these soils in their raw condition. 

4. Luhorcntory 1nl)est~galions.--Detailed analyses have been made of soil samples collected 
from various loc;~lities, including 24 from the Territory of New Guinea, 65 from the Northern 
Territory, and 22 from the Callide Valley of Queen~land. A number of samples collected during 
expcclitions and surveys in the more arid parts of Australia have also been examined. Samples 
associated wit11 soil surveys in the south-east of South Australia, on Kangaroo Island, and in the 
Waikerie lrrigation Area have also been analysed. The examination of samples collccted during 
sllrveys in Victoria has been undertaken by the State Cllcmical Laboratories in Jlelbourne. 

Interest has been maintained during the year in soil drficic'ncics in minor elemrnts such 
as copper, zinc, and boron. A new nrca subject to copper deficiency has been noted on I<angaroo 
Island in connexion with investigations on the inoculation of legumes, a d ,  in co-operation with 
the Department of Agriculture of South Australia, a study is proceeding of an arca at  J lcLar~n 
Flat, South Austxalia, suspected of deficiencies in boron, mangallc.se, ant1 possibly zinc. A survey 
is being made of South Australian conditions generally by the  esamination for tllese minor elements 
of samples of oat plants collected from a wide range of centres. The oat plant is select,cd as being 
particularly respoiisive to variations in the fertility status of the soils concerned. 

Modern methods for the examination of soil clays now include the use of X-ray diffraction 
technique. An opportunity was taken hy an officer of the Division during study leave in t,he 
Urliversity of California. to establish some of the facts relating to the rr~ineralo~ical characte.. 
of a representative range of colloidal clays separated from Australian soils. 



A number of soil types defined in t,he soil surveys are now known to poseess a high fixing 
power for phosphate and in consequence to present, special problems in the use of fertilizers. 
Methods are being developed which will enable this " fixing power " of the soil to be assessed, 
and field and pot experiments have been conducted such soils in an endeavour to develop 
practical metllods of overcoming the difficulties involved. A study is being made of rapid methods 
for the determination of silica, iron, and alumina in colloidal clays working with semi-micro 
methods. 

The regular use of the spectrograph for the examination of soils and plant materials has 
been continued. The information required was mainly of a qllalitative character. Much attention 
has been dcvoted to the determination of worliing conditions essential for quantitative results, 
and the necessary auxiliary equipment is being.obtained and built up in the light of illis experience. 

Liaison during the year has been maliitained with the Engineering and Water Sllpply 
Department of South Australia, and investigations in soil physics have been continued having 
a bearing on the design of a drainage system for the Berri and Barmera Irrigation settlements 
in Sout'h Australia. 

VT. IRRIGATlON SETTLEMENT INVESTIGATIONS. 
A. COMMONWEALTH RESEARCH STATION (UURRAY IRRIGATION AREAS), NERBEIN, VICTORIA. 

I. General.-The Commonwealth Research Station is situated on t'he Sturt Highway, 
10 miles from Mildura, on the main road fro111 Mildura to Adelaide, within the group of irrigation 
settlements popularly known as the Mildura district. The main industry of these districts is 
the production of dried fruits, and the work of the Station is chiefly directed towards the 
viticultural, irrigation, fruit processing, and soil preservation problems associated with the 
dried fruits industry. 

The results of the investigations are applicable generally to all settlements in the Murray 
Valley from iklypolonga in South Australia to Woorinen in Victoria, and are supplemented by 
investigations in other centres where such extensions are necessitated by local conditions. 

The normal seasorlal development of the annual growth on a vine. including the development 
of the fruit buds, has been established by observations over a number of years. Recently, the 
Advisory Coinmittee of the Merbein Station requestcd that in any year of seasonal abnormality, 
special maturation studies be carried out and the results of the investigations given to settlers. 
Ruch studies have now been necessary for two successive years, the first year (1938-39) being 
characterized by excessive summer heat, and the following year (1 939-40) by cool weather and 
delayed maturation. ~mporta,nt seasonal work, including the final pre-harvest irrigation, and the 
commencement of picking, are influenced hy the maturation rate ; the quality of the dried product 
is also affected. The results are expressed as curves showing t,he growth of the shoot and the 
berries, and the sugar rise and acidity fall of the grape juices. By such data, the rate and end 
point of maturation can be accurately determined. There has not previously been any single 
instance where the result of investigatiol~s a t  Merbein have been so quickly and completely 
incorporated in commercial routine. At the 1939 harvest, maturation studies indicated that 
harvest should be brought forward, and in 1940, that harvest should be delayed. The conlmercial 
advantage following the 1938-39 investigations was so marked that in 1940 the date of harvest 
and the attendant operations in practically all settlements was based on the results of the 
maturity studies. 

The experience of the Station, in devising and adjusting the various dipping ~olut~ions 
used in drying grapes, has proved of great value with the advent of the war. For instance, i t  
was found necessary to conserve supplies of potash, owing to the cessation of supplies from 
overseas. By t,he use of a wetter, p~t~assium linoleate, it was found possible to dip graFes effectively 
with reducedequantities of potash, the wetter giving more eflirient drainage and greater uniformity 
in the results. Solutions containing the soluble portions of vine ash were also used, and the 
extent to which potash could be conserved by adulteration with caustic soda and carbonate 
of soda was examined. The position now is that the industry can carry on its operations with 
the reduced supplies of potash available. 

Similarly, cotton seed oil has now been successfi~lly incorporated in the dips in lieu of 
olive oil, the supply of which is restricted. Another important innovation is a dried fruit wash- 
a casein paraffin emulsio~ with potassium oleate, which effectively reconditioiis sticky fruit, and 
givcs i t  the freedom desired in pressed packs. The use of this emulsion has enabled satisfactory 
marketing of damag~d berries which formerly had a low value owing to  massing and sticking 
after final processing. 

In the present year (1940); it is expected that reclamation mains for agricultural drainage 
will be completed in the group of setilemellts known as the Alildura district, having been 
commenced about six years ago. This marks a very significant change in the history of Australian 
irrigation, in that soil wastage, universally associated with irrigation, has been arrested, the stage 
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has been reached where successful reclamation is bringing wasted lands back into production, 
and the effective producing area within these settlements is increasing. The total cost of the 
drainage mains for an area of some 30,000 acres is S600,000, to which is added approximately 
an equal cost for the internal drains which are now partly or wholly constructed within the 
growers' holdings. This gives a capital cost of $40 per acre for the whole area,, and is justified 
commercially by the intensity of the production, the mean population of the Mildura district 
now being one person to 1 . 3  acres. It is fitting that the BIildura district, as the oldest organized 
irrigation district in Australia, should be the first to undertake the preservation of its soils, and 
it is pleasing to note that organized reclamation is radiating outwards from llildura to nearby 
settlements. At present, there is an awakening interest in soil preservation in all the principal 
irrigation districts in Australia. Special invcstic~ations were carried out by the Council in 
connexion with the planning and fitting of the dra<nage schemes. 

I Other viticultural investigations, including the relation between the quantity of fruiting 
wood and the yield, and the application of fertilizers, have now reached the stage where the 
results are being prepared for publication. 

2. Co-operatinn.-There is a close co-operation with other branches of the Council, 
particularly the Division of Soils, which has rendered continuous assistance in the planning of 
soil, irrigation. and drainage investigations dealing with the plants. A very pleasing basis of 
co-operation with State officers engaged on similar work has evolved, and joint investigations 
are being carried out in several centres with State officers dealing with irrigation and horticultural 
problems. It is a pleasure to acknowledge again the assistance rendered by primary producers' 
organizations in the various dried fruit centres, where facilities for field investigations have 
been made available to any extent desired. 

3. Drainage Investigations.-The work on the salt field at the Station established the 
principles of salt morement in Mallee land with the advent* of irrigation. Present investigations 
deal with the application of these principles and are designed to give information respecting 
the planning of internal drains. The soil surveyscarried out by the Division of Soils have mapped 
and described the principal soil types in the irrigation horticultural settlements on the Murray 
River. The drainage reactions of these principal soil types are now being examined. These 
investigations are supplying information in regard to the optimum depth a,nd spacing of internal 
agricultural drains, and are carried out on various sites which are typical of $he principal soil 
types. 

lnter~lal drainage in most of the settlements has reached the stage where a wide selection 
of sitee and methods of drainage on privat,e lloldii~gs is available, and i t  has been found possible 
to secure considerable variation ill the depth and spacing of the drains. In some set,tlenients, 
and for some soil types, i t  has been necessary to adopt the more arduous proced~~re of constructing 
experimental drains, or their equivalent, and providing a temporary outfall for the outflow of 
drainage waters. Measurements include the quantity of irrigation water applied, the run-off, 
and t,lie rate of fall of the free water in the spaces between the drains. By means of close 
obserkation points (approsimately ten feet). the lateral influence of the drain may be determined 
with considerable accuracy. Attention has first been given to the settlements in which systematic 
arrangements have been made for the disposal of drainage waters, and for these st.ttlenient~s, 
tzbles showing tlze optimum depth and spacing of drains for the main soil types I!avc been prepared, 
and arc being used by the land owners. A distinction has been made in regard to the intensity 
of drainage required, as drainage for reclamation warrants closer spacing than drainage for soil 
preservation. Plant surveys, indicat'ing the rate of recovery of productivity, have been found 
vely useful in all rcclanla tion studies. 

The staff of the Station is also assisting in the preliminary investigations in arsas not 
yet reclaimed. The design of a drainage system for an j  settlement is dependent on the 
environment, including soil types of the area ccncerned, and is also influienced hp the crops grown. 
Prelimii~ary investigations include studies of the occurrence and fluctuation of eoil water and 
of the free water of the sub-soil ; the definition of the areas which will respond to agricultural 
clrwinage ; and the type of drainage suited to the particular district. 

4. Irrigatiofz Investigations.--Etudies of the method and duration of irrigation for economical 
and ade9unte waterin;! of the vaaioi~s soil tvpcs have been continued on a number of sitcs. 'l'lle 
information obtained indicates considerable wastage under present practices, associated in some 
settlements with a deterioration in productivity. The results for major soil types have been 
pui,lislled, and a t  present the in~~cstigations are being extended to include larger scale 
investigations of the possibility of reorganization on a community basis. Thwe studies are 
being ca~riecl out on the C:i~drc)ss sectiol~ of the Red Clifls settlerncnt. iirore intensive irrigation 
investigations, incidental to studies of internal drainage, are also in progress. The getlcral 
result of the investigations has heen an improvement, hrought about hy co-operation with the 
irrigation nutllorities, in the service of the community settlements. I t  has been found possible 
by a study of the spacing of the irrigation fiurovrs and of the wetted profiles following irrigation, 



to define the mlnlmum efficierit applications. Structural alteration in the irrigation channels, 
and in the layout, are necessary for any decided advance in general efficiellcy in the majority 
of the sebtlements. 

5. Viticulture.-Viticultural studies have been ertended to include alterations of the 
existing trellis, so as to permit a greater range of pruning methods. Results to date have shown 
that,, with the traditional trellising systems wherc. the trellis wires are in one vcrtical plane, 
high  yield^ are frequently associated with a massing of bu~chcs, which is unfavorable t,o their 
rie~~elopmrnt aiid renders them Inore liable to damage i11 unfavorable seasons. Improvement 
has been obtained by the overhead trellis. as adopted in Western Australia for fresh grapes, 
and with the T-piece trellis, which pernlits parallel tr~llising of the fruiting wood on sultanas 
and cnrrants. 

The in\-estigations carried on during the year were designed to note the effect of varying 
quantities of f r~~i t ing wood, in l.eavy yielding vineyards, on standard and T-piece trellis. The 
result;.. to date show that with increased quantities of fruitin7 wood, a big+ yield of fresh fruit' 
is oljtained. This, horn ever, is offset by decreased sugar corkent, poorcr quality, and also processing 
difficulties. From these eyeriments, it has been possible to determine, within practical limits, 
the number of canes for optimum resnlts in yield and quality. This optimum necessarily varies 
with the producing environment, including such factors as the cultural practices, soil type, and 
t'he general health cf the vines. 

On the Station itself, more ela,borate forms of trellising ham heen erected, some of which 
arc ba~ed  on designs seen in other countries. The establishnlent of the vines on t?hei.e structures 
will take some time, and areas have been rescrved at  t!ic Station for continuation. 

The T-piece t,re!lis has shown to advantage by allowing fuller avd more uniform maturation 
of the fruit, with less missing. The latter feature decreases damage in bad weather. 

6. P~rtilizer Trials.-Fertilizer trials continue to show that, of the various plant foods, 
nitrogen is the limiting factor in yield, under the present nitrogen stat,us of Murray Valley 
P O ~ ~ S ,  which may be regarded as being in need of improvement. Nitrogen is obtained through 
the medium of leguminous covcr crops, and also by the application of nitrogenous fertilizers. 
In most cases, corer crops do not provide sufficient nitrogen, and a supplernel~tary dressing of 
sulphate of ammonia or blood and bone manure is applied. The use of green manure crops has 
a vahie in addition to its nitrogen content in maintaining soil structure. Phosphatic fertilizers 
have shown no measurable effect on vine yield ; the use of bloot-l and bone manures is therefore 
expensive compared with sulphate of ammonia as a source of nitrogen. T t  is recognized that, 
where soil fertility is a t  a high level, the use of cover crops alone will suffice, but that in general 
the use of sulphate of ammonia in addition to the cover crop gives a payable increase in yield. 

The effect of nitrogen in any form is to increase the number of bunches without depressing 
the bunch size, maturation, or quality, to any appreciable extent. As is to be expected, increased 
yields tend to depress maturity levels and quality, but the extent of this depression is much 
less than is generally recognized. Thus in a year when quality is high, nitrogen causes a reduction 
of less than one half of a Crown grade, while in a year when quality is low, the difference is 
negligible. 

Analysis of the dried fruit shows that while heavy dressings of phosphatic fertilixe~s, in 
the form of superphosphate or of hone dust, have no effect on yield, increased phosphate content 
of the fruit occurs. In the case of potash, which has shown no effect3 on yield. there is no change 
in potash content of the fruit. The position is rather that those treatmeats that improve yield, 
such as green manure and sulphate of ammonia, increase the acidity of the fruit and therefore 
the potash contcbnt. Illis is due to thc; fact that acid in ~ i n e  fruits is i11 the form of pota,ssium 
hydrogen tartrate or cream of tartar. 

Measurements of the nitrogen content of the soil and of various portions of the vine 
show that whereas nitrate nitrogen T-aries enormously throughout the year, total nitrogen remains 
constant. The roots aiid main framework of the vine do not alter in nitrogpn content, hut there 
is a considerable seasonal change in the nitrogen content of the annual f4rowth. 

7. P r ~ ~ i t  Processifzg.-The special investigations in fruit processing are beiny continilecl. 
Further progress has been made in the study of the reactions of the dipping solutions, and additional 
inforniation has been obtained regarding the parts played in the drying process by the oil, potash, 
caustic snda, and soaps or ot'her wetting agJnts. Since the outl?reak of war, investigations have 
been carried out on possible snlostitut~s for potash, such as ash obtained from vine pruninqs nnd 
other sources, stnd various sodium salts. Jn regard to supplies of oil, it is pleasing to report that 
as a result of work carried out during the past few years, Australian cotton-seed oil is successfully 
replacing inlpcrted olive oil for dipping purposes. Further investigations of the keeping qualities 
of dried fruit produced by various dipping proceduul s hart been carried out, and have shown, 
among other things, that soil conditions, manurial treatment, and inatur-ity, also have a marked 
effect on quality. 



Pest control in the dried fruits industry remains compar~~tively satisfactory. but Eew 
fumigants are bcifig examined from time tc; time with a view to thcir posqil)le use with dried 
fruit. 

8. Finuncial Awistance.-Financial assistance to the Station has been well maintained 
by various organizations. Annual grants are made by the Australian Dried Fruits Control 
Board, the Mildura Prickers' Association, the Nyal-1-TVoorinen Research Committee, the Curlwaa 
and Coomealla Horticultural Advisorv ~ommitthc. and thp Red CYliffs Research Committee. l'lle 
State Rivers and Water Supply  omm mission, Victoria, supplies irrigation water to  i h c  Station, 
and various local officers assist in the invcstigatioas. C~nt~ributions for the year t,otallt.d 
approximately £3,000. The major portion is allocated for investigations of interest to 
the dried fruits industry, with minor amounts for investigations of local problems in the 
contribiiting districts. 

1. General.-The Irrigation Research Station a t  Griffith was established in 1924. It has 
90 acres of irrigable land, 30 acres of which are planted up, and i t  is provided with good laboratory 
facilities. The object of its investigations is the elucidation of cultural problems associated 
with irrigation culture, and, as such, many of its investigations are concerned with the soil. 
Under irrigation conditiorls the effects of climate are largely controlled, as the incidence of 
rainfall is relatively unimportant. The result is that the soil becomes relatively more important. 
The permeability of the soil largely determines the irrigation technique, and irrigation methods 
used on one soil type would be quite unsuitcd to those of another type. A proper understanding 
of the soil in relation to irrigation is necessary to avoid evils of water-loggins and salt accumulation. 

The New South Wales TC'ater Conservation and Irrigation Commission co-operated in 
the establishment of the Station and maintains an active interest in it, contributing £1,500 per 
annum tow~rds  the working expenses and providing the land and water. Very helpful contact 
is also maintained wit,h the Griffith Producers Co-operative Co. Ltd., who have provided cool 
storage facilities for citrus preservation investigations. During the past year, the Water 
Conservation and Irrigation Commission, the Department of Agriculture, the Rural Bank 
(all of New South Wales), arid the Leeton Co-operative Cannery Ltd. have co-operated in an 
important orchard survey. 

New laboratory extensions were opened by Mr. H. K. Nock, M.P. on 3rd October, 1939. 
2. Orchard Szhrvey.--After a prolonged drought, 5 inches of rain fell in March, 1939, followed 

a little later by 7 inches in April. The year's rainfall was 26 inches compared with an average 
of 15.7 inches. The incessant rain caused prolonged waterlogging of the soil during the winter. 
Besides this the very heavy nature of the rain caused widespread floods. In the middle of 
April, 3 inches of rain fell wit'hin 44 hours, resulting in floods. Floods had also been caused by 
a heavy fall in March, when the rice fields were draining and the drains were full. The result 
of the waterlogging and floods was widespread damage to fruit trees. The Irrigation Research 
Extensiorl Comnlittce (see Appendix) resolved that the problem presented be investigated 
by carrying out a comprehensive survey, which is now in progress. 

The objects of the survey are- 
(a) TO obtain accurate statistics of the number of trees of each variety and each 

age on the M.I.A. and the proportion of healthy and unthrifty trees (through 
causes other than the 1939 floods) and also the numbers killed or injured by 
the 1939 floods. This information is necessary in order to forecast future 
production, and is required by canneries, packing houses, and financial 
institutions. 

(b) To determine the effects on the health, yield, and sizes of trees and vines, of 
the different cultural and irrigation methods practiscd, the fertilizers used, 
and the soil types and aspects that occur ; in other worcls to find out as much 
as possible from past experience. 

(c) To obtain maps and other data that will be of use in investigations in the field. 
The survey consist' of three phases- 

(1) An aerial survey of the horticultural area of the M.I.A. Aerial maps of every 
orchard and vineyard were made to the scale of two chains to the inch. Prom 
these, the number, size, and health of the trees are determined, and other 
relevant features, such as ditches and general layout, notred. 

(2) A ground survey that uscs the aerial survey as a basis to collect information 
not given by the aerial photograph, such as age of trees, fertilizers used, tillage 
methods. 



(3) A statistical study of the results. This involves the entering of the data in a 
suitable way on census forms and statistical analysis cf the data. The latter 
analysiq of the data is being carried out by the Rioinetrics Section. The 
data entered on the census forms obtained from the aerial photograph includes 
the crop, variety, health, size of trees, number of trees (of each class). That 
obtained from the ground survey includes age of trees, method of irrigation, 
traction powel used, depth of tillage, type of tillage, amounts of nitrogenous 
potassic, phosphoric, and organic manures used, and whether the land was 
flooded or not during the 1939 floods, and yields. Data obtained from other 
records and sources include the aspect (from contour maps), the soil (from 
soil maps of tlie soil survey), frequency of irrigation and amount of irrigation 
water used, and average water table (records of the Water Conservation and 
Trrigation Commission). 

The work forms a eo-operative effort. The work of compilation of data and entering 
on cards is carried out by the staff of the Research Station, and tE~e statistical analysis is being 
done by the Riomctrics Section as mentioned. The Council, the Xew South Wales MTater 

I Conservatiolz anti Irrigation Commission, the Department of Agriculture, the Rural Bank, 
and the Lceton Co-operative Cannery Ltd. are providing the finances for the aerial survey, 
stationery, and rnucl-1 of the tenlporary staff made necessary. The Council, the Commission, and 
Department have also made available the services of their officers to assist in the ground 
survey. 

3. Field Experiments.-The original field experiments planted up in 1924 have yielded 
results of considerable value, which have largely been put int'o practice by the irrigation community. 
However, since the original fields were laid out, further problems have emerged, and the need 
for further field experiments has been felt for some time. It is desirable to test in practice ideas 
that have evolved from laboratory and small plot investigations. I t  is also necessary to determine 
the interactions between treatments previously found to be desirable and newer treatments 
under investigation. 

The serious problem of soil deterioration due to loss of structure, compacting, a,nd puddling, 
t,hat was not apparent in the early days of tlie settlement needs investigation. Thus the possibility 
of sod culture of orchards as a means of preventing this soil deterioration needs study. Not, 
only this hilt its relation to the nitrogen status of the soil and irrigation requirements of the 
orchard would have to be considered. These are only isolated examples of the type of problem 
involved. It is intended to plant up a complex field experiment of a factorial design to investigate 
various irrigation, drainage, fertilizer and soil amendment, sub-soiling and sod, and stock and 
scion treatments and their interactions. At present the necessary nursery stock is being raised 
and the land is being prepared. 

4. I~rigation Igzvestiiqation,c.-As described more fully in previous reports, irrigation 
investigations a t  the Griffith Station deal chiefly with the following :- 

(a) The irrigation characteristics of soil types clasPified in the soil survey of ~ h e  
Murrumbidgee Irrigation Areas, especially the rate and extent of water 
infiltration under various conditions of soil ii~oisture content, cultivation, &c. 

(b) The most suitable systems of irrigation in 1,elation to various soil and slope 
conditions, for example, the relative suitability of spray, contour check, 
filrrow, and border systems. 

(c) The basis for correct irrigation layout, and the technique for applping suitable 
quantities of water with sufficient evenness, for example, the choice of a 
suitable flow rate in relation to slope and length of run for soil type groups 
classified chiefly by infiltration rate. 

The inve~tigat~ion of t'he irrigation characteristics of the illurrumbidgee soil types involves 
a study of the morphology of these highly structured soils. This lias indicated that structure. 
in addition to its effect in water penetration, may be closely associated with root development 
and plant ni~trition. 

During the year, the Station hae actively co-operated witch settlers and various Government 
Departments in meeting the serious problems set by the abnornmlly wet winter of 1939. The 
Seepage and Water-logging Committee, representakive of the Leeton Fluit Growers' Co-operative 
Society, the New South Kales Department of Agriculture, the New South Wales MTater 
Conservation and Irrigation Commission, and the Research Station, continued its investigation 
of seriou~ly affected farms and reported on problenls of excess soil moisture. Recommendations 
were made regarding irrigation methods, surface drainage, and a~sociat~ed measures for research, 
extension work, and finance. 
P.7888.-4 



To co-ordinate an attack on excess soil moisture and related problems. the Irrigation 
Research Extension Committee was formed in October, 1939, comprising representatives of tfhe 
Department of Agriculture, the Irrigation Commission, and the Station. In April, 1940, the 
Rural Rank of New South Wales appointed representatives. The immediate programme has 
been the orchard survey of the irrigation areas reported above. Sufficient progress has been 
made to indicate that before the 1940-41 irrigation season all necessary data wlll be available 
for the most efiective operation of the Comniittee's extension work programme. This includes 
the preparation of farmers' bulletins, the formation of local groups for field demonstration and 
discussion, and publicity campaigns through the usual press, radio, and other channels. The 
Committee has also interested itself in the provision of adequate research and extension staffs 
for the areas. 

The greater attention being paid to this co-operative work called for additional assistance 
in the irrigation research side of the Stat'ion's work. An assistant research officer was a~pointed 
for this purpose in April, 1940. During the year, most attention has been concentrated on the 
orchard survey. Data being collected on irrigation practices and difficulties on every orchard 
on the Areas will allow irrigation research to be directed to the most important problems. Further 
work has been carried out on the irrigation field being developed a t  Farm 466. This is now 
equipped with automatic electric control gear to regulate the flow of water in furrow and border 
irrigation experiments. 

5. Plarzt Nutritim.-Investigations into the role of organic matter in plant nutrition 
have been continued by means of pot experimentis and field trials. Field experiments have 
shown the marked response of citrus trees and other plant,s to  leguminous grecm manure and 
farmyard manure under local conditions, and investig~tions now m progress are designed to 
determine the reason for this respome. ITndoubtcdly the role of nitrogen is importa,nt but is 
not the only facttor concerned. 

It has been noted that there are certain areas in which good stands of tick beans cannot 
be obtained, and zl~ese areas are consistelitlp the same each year. Preliminary observations 
show that the good spots are more calcareous with a good structure, while the poor spots are 
non-calca~cous and are very impermeable. Tllie suggosts that the problem is one of perrn~akility 
and its relation to the structure of the soil. Chemical ancl mechanical treatments were tried, 
and it was found that digging. to a depth of 12 inches completely overcame the trouble. The 
importance of this is that it gives a clue to the loss of fertility of many irrigated soils and the 
consequent decline and dying back of fruit trees--particularly citrbs. Tnve~tigations are 
continuing to follow up this lead. 

6.  Salt 8tudics.-AF stated in previou~ reports, it has been found that with certain local 
soils in which salt accuniulation a t  the surface commonly occws in practice, thc movement of 
salt from below to the surface is too limited to be of practical importance even where ti water 
table is held only ha,lf a metre from the surface. This appears to make certain theories as to salt 
accumulatjon untenable. The problem is of great practical importance, a i ~ l  ~vorlc is contiizuing 
to cleterminc under what conditioi~s salt accl~rriulations occur 0x1 thesc soil types, and if possible 
to follow the migration of the salt through the soil. It is corntnollly observed that soil that 
has been mixed up (such as in rabbit warrens or where large trees are grubbed out) tends to 
become saline, and this type of salt accumulation is being investigated in particular. 

7. Pasture Investigatio~zs.-Plots have been establishect to determine the most efficient 
irriga,tion methods for summer and winter pastures, and to determine the relative merits of summer 
and winter pastures with a view of ascertaining how to clbtajn the greatrst value of pasture for 
the least expcnditurc in water. In the experiment, 144 one-hundredth acre plots have been 
established. and each plot will be watered separ~tcly by means of a pipe reticulation which will 
enable adequate control and measurement of the irrigation water. 'Phe investigation is being 
conducted in co-operation with the Division of Plant Industry whirh will carry out the 
agrostological side of the work. 

8. Citrus Psesercatio~~.--Sen1i-~omm~rcir1 trial? of processing a ~ l d  handling methods were 
conducted and included the of borax baths and wax emulsions for use in ~rlarketirig Navel 
and T'altncia oranges with particular attention to the New Zealand market. Experimentally 
treated f ~ u i t  was sent to Nrw Zealand for examination a t  that end, ant1 eomparalr,!e treatments 
were stored a t  Griffith. 

9. Botaaicxsl ,Studies.-Growth studies, root studies, citrus stock investigations, and 
inarching experiments carried out a t  the Station are reported under the Horticultural Section 
of the Division of Plant Industry. 



VIT. FOREST PRODUCTS INVESTIGATJONS. 
1. Gelzcra1.-The outstanding feature of the year's work of the Division of Forest Products 

has been the gradual changing over of the normal research programme to .cvork directlly or 
indirectly connected with defence. In one field of work, the full time of a greatly enlarged staff 
working in two shifts has been devoted to defcnce activities, and gradually other researches which 
have no direct application to the present critical position have been dropped and work of more 
urgent need commenced. VCTith few exceptions, the staff, which now numbers more than 100, 
is usefully employed on such work. 

2. 2'irnbcr Mechanics.--The outbrcak of war necessitated a complete revision of the 
programme of this Section, and intensive work on the use of wood in aeroplanes was initiated. 
This work has bccn tlevelopcd along three main lines and has now displaced most of the previonsly 
planned investigations. Thp Handbook of Structural Timber I>erign, which contains tabulated 
data on the strength and other  ropert ties of Australian timber? prepared in a form suitable for 
engineers and architects, &c. was issued in September, 1939. The demand for the book has been 
exceptionally heavy, the edition of 6,000 copies being almost exhausted, thus indicating its 
necessity. honations totalling $650 mere made t,owards the cost of this publication by various 
timber interests and users. 

(i) Pruperiies of Australian Timbers suittcble for Aircra;ft.-A number of Australian timbers 
are known to have properties which would make them suitable for use in aeroplanes, but lack 
of detailed information on their properties has restricted their use. This position is being 
remedied with tlic utmost speed. About one dozen species considered sufficiently satisfactory 
to warrant intensive testing have been selected and the actual te~ting commenced. For this 
work, timber from a t  least 30 trees of each species is required, the necessary trees being selected 
in the hush by officers of the Division. It is very gratifying to report the wholehearted support 
anci co-operati011 of the sawmillers in the various districts, whose help has been of the utmost 
value. Testing has proceeded suficiently far to enable tentative specifications to be prepared 
for several timbers, and already hoop pine has been shown to be suitable for use in aircraft 
construction, it? strength-weight ratio being about the same as spruce. Considerable commercial 
svpplics of suitable quality are readily available. Reconnaissance tests of a number of othcr species 
of timber are bcing made by the Division of Wood Technology of the New South Wales Forestry 
Commission, and any of these which are promising will be intensively investigated by the Division 
of Forests Products. 

(ii) Propcrtie.9 of Ai~craft Plywood made from Australian Timbers.--The testing of Australian 
plywood is being actively carried out with the object of recommending substitutes for the imported 
bi~cll and maple plywood. Close collaboration with the Section of Veneering and Gluing is being 
maintained. Four species of timber have been tested but only one, namely, nort>hern silver 
ash, has proved a t  all promising. Further extensive iests on this species are now in progress. 
The value of scented satinwood has heen increased due to changes in methods of plywood 
fabrication. 

(iii) Design qf Box Spars.-[n collaboration with the Division of Aeronautics, a systematic 
series of tcsts is bcing made into methods of design of wooden box spars. To date, a satisfactory 
testing procedure has been developed, and systematic testing, which has already yielded valuable 
results, is in progress. 

(iv) Other I~xvestigtsfions.-The study of steam bending of Australian timbers has been 
considerably advanced. Other investigations include systematic mechanical tests on jarrah, 
tcsts of the load-carrying capacity of split-ring connectors, tlle relationship between the mechanical 
properties of a timber and its silvic~~ltural treatment, studies of stresses in trees and creep in 
timber beams, and tcsts of coach screws, built up columns, and old bridge girders. 

i 3. Pwservation, Veneerin,g, and Gluing.--Consequent on the traiisfer of h1r. Cummins, 
Officer-in-Charge of Preservation, to t l ~ e  Jnformat,ion Section in April, 1940, the Sections of 
Pre~ervation and of Veneering and Gluing were combined. 

ti) E'ielrl Investigations.-Many of the routine field inspections were postponed, and as 
many of the tests arc fairly well advanced it i~ proposed to reduce them as far as possible. Tlle 
results of the inspections made closely follow the results reported last year, except that decay 
or termite attack llas progressed in the untreated material, while some of the test pieces that 
had been given the less effective treatments are showing further signs of deterioration. 

(ii) Pres~rvutives.-JITork was commenced in January, 1940, on a colnprehensive 
investigation of Australian creosote oils from the aspect of their use as wood preservatives. 
A preliminary survey has been made of the nature of the oils produced by various processes, 
and tests of the toxicity of the various fractions and some of the common con~t~ituents of the 
oils commenced. This work has been financed by a grant of £800 per annum from the Tar 
Distillers Association. 



(iii) Pzr6prooJing.-Tests have been made on the fireproofing of Australian and certain 
imported timbers required for various defence purposes. The tests have been completed, treating 
schedules developed, and a treating plant has bcen clesigned and erected by a cornmerclal firm 
in New South Wales. 

(iv) Tirnbrr Pat1~ology.-Investigations of various decays and stains in Australian timbers 
were made in the early part of the year. Teets were also initiated on the natural durability 
of Australian t)imber. Most of this work has now been temporarily abandoned and the officers 
concerned transferred to other work of a defence character. 

(v) Lyctus 1nntstigatwn.-The boric acid treatlncnt of veneers to prevent Lycti~s attack 
has now been in commercial use for nearly taro years with entirely satisfactory results. A number 
of factories have installed treating plants, and many millions of square feet of sapwood veneer, 
which was previously discarded and burnt, have been treated and used without the receipt of a 
single complaint. The method of boric acid treatment has been extended to boards ; the 
experimental tests have been very sati~fact~ory. It is hoped to apply the results to commercial 
practice during the coming year. 

(vi) Vbneering and Gluing.--The laboratory has been greatly extended and proviaion 
made for a veneer drying room. The Coe rotary veneer lathe donated hp Mr. Russell Grimwade 
has been installed together with the necessary equipment and also a small hot press for artificial 
resin adhesives. The work has been mainly confined to t h e  use of Australian plywood for 
aircraft purposes, the Section worli-inp in close collaboration with the Timber Mechanics Section. 
A considerable amount of work has a l ~ o  been done on the testing of glues including animal, 
casein, and valious artificial repin types. I n  connexion with the prcparation of Australian 
specifications for glue and for casein, various tests have bcen made and the results ii1corporatc.d 
in the draft standards which were prepared. 

4. Timber Physics.- The fundamental work previou~ly undertaken hy this Section h ~ s  been 
almost entirely abandoned, and co-operative work has been undertaken with other Sections on 
investigations of immediate importance. Because of the possible need for developing quiclc 
drying schedules for airciaft timbers, a comprehensive investigabion of the effects of various 
kiln temperatures on the strength properties of timbers has been commenced, and already results 
of direct importance have been obtained. As well as high temperatures, the effect of low 
temperatures such as occur at  high elevations, have also been ~turlied. A special testing machine 
has been designed and is now being con~tructed. 1n regard to plywood for aircraft, the Section 
is responsible for determining the density and the dimensional changes due to changes in moist~~re 
content. 

General assistance hap been given in connexion with drying and shrinkage problems, 
the design and con~tl-uction of conptant humidity and temperature rooms. and the drying of 
flax. Some work has also been done on " improved " wood, the effect of ~ilvicultural treatment 
on physical properties, and salt seasoning. 

5. Timber Seusonin,g.-The experimental kilns have been largely used for the drying 
of the test material required for the aircraft work. This section has talcen over the air ant1 
kiln drying of all such material and is also co-operating in the investigation on the effect of high 
tempeiatures on the strength properties of timber. The normal services of advice to industry, 
the supply of plans of kilns and drying rooms, and the correspondence courses in timber seasoning 
have been continued throughout the year. 

6. Uti1izalim.-The demand for information on Australian timbers, requests for  substitute^ 
and problems attendant on the development of the war have made large deniands on the Section. 
In addition, staff has been sllpplied to assist in the collection of the material required for tlle 
aircraft investigation. 

(i) Survey and Advisory Work.-Co-operation has been effected between the Section 
and various Government Departments, and officers of the Division have acted on Committees 
entrusted with the assessment of existing timber resources and supplies, the forecast of probable 
effects of the war, and the formulation of steps necessary to ensare the maintenance of essential 
supplies. By means of visits and circular letters, additional information on the propertie? and 
uses of timber has bcen obtained and included in the general records. These records of production, 
~tocks and consnmptjon of speciee, products and t'imber used, and  firm^ engaged in producing 
or manufacturing activities have been constantly used. Tnqliiries received involvtd such items 
as timber suitable fol agricultural machinery, air-raid shelters, ammunition boxes, battery 
separatols, hearings, boats, cases, cooling towers, dunnage, handles, hat moultis, match boxes, 
mine timbers, railway coachwork, rifle and gun stocks, textile rollers, and X-ray screens. 

(ii) Grading of Australian Tirnbars and Preparation of Standards.-Considerable progress 
has been made in the revision of provincial standards and in the preparation of several new 
specifications. The main work has been the revision of draft standard No. 02 " Nomenclature 
of Australian Timber " and the preparation of a draft specification for structural timbers. 



Other specifications dealt with included doors, milled flooring, milled lining and weatherboards, 
green dressing quality sawn timber, and the determination of the moisture content of timber. 

(iii) Substitutiont of Australian for Imported Timbers.-There has been a very active demand 
for advice on the availability and properties of local timbers as substitutes for imported timbers. 
Recommendations have been made for substitut~s for ash, aspen, balsa wood, baltic timbers, 
Borneo whitewood, boxwood, Douglas fir, hemlocli-, Manchurian oak, persimmon, pitch pine, 
yellow pine, redwood, sugar pine, and teak. The substitution of cert'ain of these timbers has 
involved changes in manufacturing procedure, and advice in this regard has been given, 
particularly in relation to the substitution of Australian hardwoods for case material, previously 
manufactured from henllock and other softwoods. 

(iv) General.-,4 number of rrlanufacturing processes were especially investigated including 
the production of woodwool, wood flour, charcoal, and smoker's pipes. Statements on some 
of these processes were prepared and circulated. Especial attention has been given to the 
Monthly News Bulletin and articles of special interest and significance included. Tn the laboratory 
an apparatus for generating electrical energy a t  high frequency was designed and installeti, and 
evperiments made on the gluing up of large thicknesses of wood using heat reactive resin glues. 
These were highly successful, but the con~mercial development of the process has been temporarily 
abandoned. 

7. Wood Chemistry.-(i) Chemistry.-Fundamental studies of certain aspects of wood 
cllernistry and of pulp evaluation and paper testing met~lloris, all of which are of importance to 
the Australian pulp and papcr industry, have continued to be the main lines of investigation. 
Particular attention has been given to methods for the determination and isolation of the total 
carbohydrate fraction in wood. It has been concluded that no single method may be used to 
obtain'this fraction free from impurities. After chlorination using chlorine water, the use of 
wliicli has been shown to ensure minimum attack on the carbohydrate material, basic solutions 
of two main types, namely, (a) alcoholic solutions of ethanolamine, ammonia, and sodium 
hydroxide, and (b) aqueous solutions of ammonia, sodium hydroxide, and sodium carbonate 
are used. Most of the variables involved have been studied a t  length and reports are in the 
course of preparation. It seems that it is impossible to isolate the total carbohydrate fraction 
quantitatively and without impm.ities. 

With the object of studying the makerial (other than lignin) present in the impure total 
carbohydrate fraction and which binds the fibre elements togetl~er, methods of fractionating the 
total carbohydrate material have been investigated. After a, fairly extensive survey it was 
found that successive extractions wiih 82 per cerit. dioxan, cold water, and cold 0.053 per cent. 
sodium hydroxide provide fractions which are amenable to investigntion. Val~ious materials 
werc found in the extracts, and it was con~idrred that the fibre-cementing material was mainly 
present in the sodium hydroxide extract. Rvidence from this investigation and earlier work 
indicates that the cerrlenting material is probably a non-carbohydrate and most probably a 
phenolic or acidic body. Tlie nlechanism of t h e  rnild alltaline extraction of wood has been studied 
using alkaline pre-treatments ranging from N/300 to N/,. This work has revealed very interesting 
information on the general problem and also supplied further data on the nature of the fibre- 
cementing material. A considerable amount of farther work is planned along both lines. 

(ii) Paper Pulp.-Tnv~stigations in connexion with pulp evaluation have to date been 
confined to the operation of the Lampen mill and, in particular, tjo the effect of mill speed on 
the degree of replication and the beating performance. Pour types of pillp, namely, coniferous 
kraft, eucalypt kraft, coniferous sulphite, and bleached eucalypt soda pulp have been used with 
the mill operating a t  250 and 300 r.p.m. IZeplication is satisfactory at  either speed when beating 
kraft pulps, most satisfactory a,t  250 r.p.m. for coniferous sulphite, and not entirely satisfactory 
a t  either speed for eucalypt soda pulp unless the  beating periods are very brief. The higher 
speed with kraft pulps has been found to cause the more rapid development of fibrillation, swelling, 
and some darnage to the fibres. If a universal speed is to be adopted, then it appears necessary 
to operate the Lampen rnill a t  250 r.p.m. which woulcl involve a departure from the standard 
conditions laid down by the Pulp Evaluation Committee of the Papermakers' Association of 
Great Britain. Accordingly, a study of the trend of and significance between t'hc beating effects 
at  the two speeds is being made and has been concluded in respect to eucalypt kraft. Various 
minor investigations associated with the pulp evaluatiorl work have arisen anti the necessary 
tiatla have been obtained. 

An important problem in pulp investigations is that of storage of the reference  pulp^ and 
the possible effect of bacteria on the strength properties of these pulps. Studies indicated that 
beta-naphthol, formalin, santobrite, and zinc hyclrosulphit,e map be used in economical quantities 
which are lethal to bacteria. Zinc hydrosulphite only, has a significant deleterious effect on 
the initial properties of the pulp. None of the treatments used could arrest the loss in tearing 
strength ~ustained by a eucalypt pulp within a week or two of its manufacture, and it appears 
that this loss is due to agencies other than bacteria. 



Where a pulp mill handles wood from a variety of  specie^ and ages, it is difficult, on account 
of the varying chemical composition of the wood, to so control the cooking conditions that the 
lignin content of the prepared pulp is constant. Variation in the lignin content and the 
permanganate number of the pulp introduces difficulties in the control of the bleaching operations. 
Recent work has indicated that there is a correlation between the alkali consumption of the 
wood a t  100°C. and the lignin content of the pulp obtained under staiidartiized c~oking conditions. 
XTork with kraft pulp has been carried out and will be extended to cover soda pulp using wood 
of various species and ages. The work is of definite value in plant control and the correlation 
discovered is a step in the direction of providing a quick method of wood assay. 

8. Wood Structure.-The co-operative scheme between the Wood Stnxcture Section, the 
Commonwealth Forestry Bureau, aiid thr: various State forest services has been continued, and 
each of the co-operating bodies has received 417 slides of Australian and other timbers, 178 
notched identification cards ready for use in the card sorting scheme of classification, and six reports 
dealing with special matters of wood identification. A successftll meeting of Australian wood 
anatomists was held in Rfelbourne in August, 1939. 

(i) Anatomical Studies.-This work has been continued and the results for the Australian 
Lauraceae have been published. The examination of the Australian Proteaceac has been 
completed, and, as opportunity offers, the resnlts mill be prepared for publication. 

(ii) Identi$cation.-Considerable success has attended the work initiated on several 
groups of closely related eucalypt timbers. Methods for the identification of timbers in the 
two groups (a) E. re-yfians, E. obliqua, and E. gigantea, and (b) E. rnarginata, E. diversiolor, 
E. saligna, E. grandi8, E. resinifera, E. longifolia, and E. botryoides have been completed, and 
the work has been extended to other groups of timber. The results of the examinations made 
have been referred to specially designed punch cards. 

A study of wood from two species of the genus Callitris, namely, C. glauca and C. calcurata, 
showed that there were no microscopical differences between them. Differences in odour and the 
occurrence of crystals of guaijol on the freshly cut surface are not specific, but are useful criteria 
in the absence of more exact differences. 

The card sorting scheme has been extended in regard to both coniferous woods and 
hardwoods and to simplify the identification of unkrlowrl hardwoods, family (or sub-family or 
group) cards have been prepared. These have proved of considerable value in the preliminary 
investigations of unknown samples. 

(iii) Structure in Relation to Properties.-Since the outbreak of war, an examination has been 
made of the structure of the various specimens used by the Timber Mechanics Section in its special 
aircraft investigations. In the case of hoop and bunya pine, reference discs from every test 
specimen have been examined in detail to determine the presence of compression wood or minute 
compression failures. To date, 1,100 discs have been examined as well as pieces of wood from 
110 toughness specimens and from 356 tension specimens. The results of the examinations 
will be correlated directly with the results of the mechanical tests, and thus the exact elfect of 
the various defects on the strength of the timbers will be determined. 

Jlicroscopic and fibre examinations have been made of beams which had been subjected 
to long time loading tests by the Timber Mechanics Section. These examinations indicated 
that long time loading resulted in the formation and distribution of minnte failures throughout 
the conlpressiorl side of the wood and that such failures seriously affect the mechanical properties 
of the beam. 

(iv) General.-The Section co-operated with the Section of Chemistry in regard to the 
nature of the non-lignin bonding material of the fibres and the effect of beating in the Lampen 
mill on the four pulp types tested. In the latter case nlicroscopic exanlirlations were aimed a t  
determining the relation between fibre structure and beating and photographic records were 

' made a t  the various stages in the experiment. Resulting from the increased activities in the 
Information Section at  the Council's Head Office, the photographic work has markedly irlcreasecl, 
and considerable time is now devoted to the photographic copying of technical articles. 

9. Flax.-Considerable further experience has been gained during the past year in flax 
research problems in the laboratory and in the application of research to the flax mills. It was 
originally proposed to increase the Australian flax acreage from 2,000 to 4,000 acres ; the recent 
decision to increase the area under flax to 21,000 acres during the coming year has affected the 
normal programme of work. Special studies have been made of the water retting process, 
and the sensitivity of the electrometric method for the determination of the endpoint of a bacterial 
ret has been further increased. Investigations have also been made into the question of artificially 
drying the flax straw and the effect of yield of line fibre due to methods of handling. Some tests 
of the suitability of various country waters and the disposal of retting effluents have been concluded. 



Further research has been carried out on chemical retting. Complete chemical analyses 
have been made of unretted flax straw, arid of straw fibre retted by bacterial and chemical means. 

i 
j 

The chemical compositions of the fibre so prepared were remarkably similar, and, using the 
chemical methods already developed, a fibre, comparable in chemical composition and general 

I 
properties to bacterial retted fibre, can be obtained. Further systematic investigations are 
necessary, but these have had to be temporarily postponed so that special attention can be given 
to the many problc~ms associated with the  largely expanded flax acreage. 

VITI. FOOD PRESERVATION INVESTIGATIONS. 
1.  Generml.--Owing to the outbreak of war, some changes have had to be made in the various 

research programmes of the Division of Food Preservatio~i and Transport, although it has been 
possible to continue most of the major investigations in progress last year. The extensive 
investigations of the carriage of meat and fruit on shipboard have had to be abandoned. Several 
new investigations likely t o  yield results of considerable economic importance in war-time have 
been commenced. It seems likely that the amount of work of this nature will materially increase 
in the near future, and that, in consequence, several " long-term " investigations of a fundamental 

. character will either have to be temporarily abandoned or will proceed only when opportunity 
I offers. 

The new fruit products laboratory, adjacent to the main laboratory a t  Homebush (New 
South Wales), was opened early in 1940, and already it has been possible to carry out a wide range 
of investigations on the production of pure apple, grape, pineapple, tomato, and prune juices 
and on general food canning problems. J17hile the equipment was designed primarily for 
experimental purposes, nevertheless the type and layout conforms closely to the best industrial 
practice and, as such, has served as a " model ". Owing to the great increase in the amount of 
chemical work for the general fish preservation studies, a small extension to the main 
laboratory has been built for its accommodation. 

Anlong the more important results obtained during the year is the definition of the effects 
of various detergent solutions on the rate of loss of weight from oranges during storage. As 
opportunity offers, the results are being tested on a commercial scale in citrus packing sheds, 
and it appears likely that they will be of considerable importance in retarding the loss of external 
physical condition, or appearance, of the fruit during export overseas, particularly to New 
Zealand. 

Work has also been continued on the effects of the application to citrus fruits, and more 
recently pome fruit, of thin waxy and otller coatings. For citrus fruits, there are a number of 
coatings which are effective in greatly retarding loss of weight without increasing the rate of onset 
of wastage, but, for pome fruits, the results so far obtained have been rather conflicting, and 
further intensive work is now in progress. 

It is very pleasing to record that, through Professor Eric Ashby, the services of several 
members of the staff of the Botany Department of the University of Sydney have been made 
available for co-operative studies on physiological and mycological aspects of the handling and 
storage of fruit. The association of the two bodies is proving particularly valuable and has 
enabled much more intensive work to be undertaken than would otherwise have been possible 
with the Division's small staff. In the studies on the production of pure grape juices, it was 
necessary to test the suitability of a wide range of varieties. The Council has been fortunate, 
therefore, in securing the co-operation of t h e  Roseworthy (South Australia) Agricultural College 
in undertaking these investigations which have now been commeiiced by the oenological staff of 
the College. 

A considerable part of the investigators' time has been occupied by the carrying out of 
several scientific surveys of meat-works and other food processing plants, by giving technical 
assistance t o  several new industries, and by answering a wide range of inquiries, particularly 
relating to problems of the production of pure fruit juices and cordials, the drying of foodstuffs, 
and the quick freezing of fish, fruits, and vegetables. 

Substantial financial assistance for the investigations was again received from many sources, 
notably the Australian illeat Board, the Sydney Metropolitan Meat Industry Commissioner, the 
Queensland Meat Industry Board, and the Egg Producers' Council. The purchase of some 
specialized equipment for fruit products investigations has been made possible by generous 
donations from many firms interested in fruit juice production. 

2. Meat Investigations.-(i) At the Brisbane Laboratory.-(a) Physical Studies.-A 
considerable amount of the activity in this laboratory in the past twelve months has been devoted 
to studies on the precise control of the physical conditions of circulating air in storage spaces, 
a t  temper-atures below the freezing point of water. JYhile this work has been done mainly in 
connexion with the " bloom " problem in chilled beef, the results achieved are applicable to 
refrigeration problems in general where accurate controls are necessary. Studies in the chilled 



beef field have indicated that a very precise control of aqueous vapour tension of the refrigerated 
air is necessary. To satisfy this need, a very full study has been made of the factors concerned, 
several of which were almost unsuspected. As a result, niuch special :zpparatus has been designed, 
including a constant-pressure water evaporator, ~vhich enables I-~igh relative humidities a t  
temperatures below the freezing point of water to be maintained constant to a probable value of 
f + per cent. Time has also been given to the difficult problem of the ~neasuremcnt of relative 
humidity, with results which have considerably improveti tjr~cl accuracy wit11 which this 
measurement is usually made. 

To achieve the satisfactory control of water-vapour tension, it was necessary to stabilize 
the temperature of the circulating brine. No apparatus working on a cornrnercial liquid ammonia 
line was available which would do what was required. Following extensive experimentation 
on the automatic control of the liquid ammonia, apparatus was desigrleil and ir~stalled which 
is holding brine temperatures constant to & 0.2Ei°C., and often within narrower limits. 

(b) Studies on Fat Storage.-The work on the storage of beef fat, having chiefly as its 
objective the prevention of the frequent loss of yellow pigmentation, has produced some striking 
results. A series of fat samples cut from the one piece of back fat, and stored in desiccators 
in which definite vapour tensions have been maintained corresponding to relative humidities 
ranging from 70 per cent. to 9 9 . 3  per cent. have shown that, for certain vapour tensions, a very 
rapid disappearance of the normal yellow pigmentation occurs. This effect becomes so much 
less a t  other vapour tensions that, for one specific value, fat stored for 100 days has been 
indistinguishable from freshly-chilled back fat. Similar samples, after 300 days' storage, were 
still definitely yellowish as contrasted with the customary bleached appearance. More fundamental 
aspects as to the nature of this pigment degeneration are now being subjected to quantitative 
investigation. The exceptionally satisfactory nature of the early results of this work, and the 
very narrow range of vapour tensions over which satisfactory maintenance of pigrnentation has 
been achieved, have been largely responsible for the physical studies mentioned above. The 
apparatus designed as a result of those studies achieves, from an engineering point of view, the 
precision of control which these experiments on pigmentation and water vapour tension indicate 
as necessary. 

( c )  Shipboard Studies on Stowage and Wraps.-That the nature of the stow of beef in a 
chilled beef storage space on board ship is quite an important factor in influencing bloom has been 
fairly well established. Wliile better controlled work is possible in land storage, ship storage 
affords special opportunities not capable of reproduction on land unless a scale model of a :.hip's 
storage space is available. Consequently, this phase of the problem was actively pursued by 
shipboard experiments supplementary to those of the land storage type. The work on types 
of stow and wraps, commenced early in 1939 and having as its chief objective the study of the 
influence on weight loss and bloom of tight versus loose stowage and of methods of wrapping 
the beef, was continued in the early part of the year under review. Three carefully designed 
experimental shipments were made, but were abandoned owing to the freezing of all chilled beef 
afloat at  the outbreak of war. 

(d) Chilled Beef Surveys.-Several surveys of new meat-works chilling rooms have been 
carried out in order to rectify faults in installation and to enable them to conform with the 
stringent conditions laid down by the Council's investigators. Work was also carried out in 
order to find preventive measures for the long-standing problem of sour odours in the neck 
furrow of chilled crops. It has been shown that the trouble is due to inefficient sterilization of 
the neck plugs used to absorb blood and serum oozing from the cut veins during the cooling of 
the beef. 

(e) Studies on Meat-wrapping Materials.-The value of certain proprietary rubber latex 
bags in protecting frozen meat from undue loss of water, which may result in loss of colour and 
" freezer burn ", has been tested with quarters of beef, pork legs, and ox livers and kidneys. 
Such covers, when remaining intact, gave almost complete restriction of water loss from the meat 
and retention of normal colour, but they lacked adequate mechanical strength when unprotected 
a t  low temperatures. Studies are also being made of materials which may be suitable for making 
watertight containers for packaging special boneless cuts of frozen beef. 

(ii) At the Sydrzey Laboratory.-(a) The Use of Ozone in the Ripening of Meat.-A critical 
examination of the use of ozone as a constituent of the storage atmosphere for beef heldat + 5" C. 
for the purpose of ripening, has indicated that the effect of ozone in prolonging the storage life 
of the beef is dependent largely on the surface moisture content of the meat. In the case of 
experimental muscle slices, contaminated with pure strains of bacteria known to contribute 
largely to the spoilage of beef at  chilling temperatures in Australian meat-works, and stored 
a t  + 5' in an atmosphere containing 5 parts per 1,000,000 of ozone, there is little or no extension 
of storage life with moisture contents down to 180 per cent. (on a dry-weight basis), but there 
may be an increase of 30 per cent. in storage life with moisture contents below 150 per cent. 
(fresh muscle contains approximately 300 per cent. water on a dry-weight basis). These results 



cannot be referred directly to the surface moisture contents of beef cuts, since the rate of bacterial 
growth is greater for a given surface moisture content on a beef cut than on a thin slice of muscle. 
Experimental work on large pieces of meat is, therefore, to be carried out in a constant humidity 
chamber. 

It has also been found that ozone, in the concentration used, namely, 5 parts per 1,000,000 
which is the minimum concentration giving an extension of storage life a t  + 5' C., induces a 
readily detectable and highly unpleasant rancidity in the beef-fat. Since this off-taste appears 
within a period of three to four days, which is not a sufficient period for ripening, i t  is the real 
limiting factor and renders it unlikely that ozone will find an application in the ripening of meat. 

It is probable that inadequate control of the factor of surface moisture content is the 
cause of discrepancies in the findings of overseas workers on the uscfulness of ozone in chilled 
meat storage. Thus, while the results of the present investigation indicate little or no future for 
ozone in this field, they have proved valuable in giving authoritative data on this controversial 
subject. 

( b )  Storage Disorders of Frozen Lamb Livers.-Frozen lamb livers may exhibit on arrival 
in Great Britain certain storage disorders which are generally accompanied by high fat content. 
Lamb livers of known fat content have been placed in frozen storage in an attempt to reproduce 
these disorders and to relate them to the fat content of the liver. It is possible to select the 
livers of high fat content immediately after slaughter by means of their pale colour ; the 
possibility of eliminating such livers from the export trade is being considered. 

(c) Ca~ning Investigations.-From time to time, problems brought forward by meat 
canners have been investigated, notably in connexion with black staining of canned meats and 
their containers. It is apparent that many of the tinplate lacquers in use are unsuitable for 
meat products, and an attempt is being made, in co-operation with local lacquer manufacturers, 
to develop a suitable general purpose lacquer for meat cans. 

3. Preservation of Fish.-(i) Freezing and Cold Storage of Fish.-Two large-scale 
experiments with deep-sea flathead have been completed, and the results subjected to statistical 
analysis from which the following general conclusions have been drawn. 

(a) Denaturation of muscle proteins, as measured by their reduced solubility in 1 .0  M 
sodium chloride, was evident with increasing time of storage at  all temperatures, but the method 
was not sufficiently sensitive to differentiate between widely different treatments. 

Further experiments are being undertaken to define the fundamental nature of this 
change and to assess its relationship with the deterioration shown by increasing " dryness " 
and " toughness " of the frozen fish when subsequently cooked. 

(b) " Drip ".-The loss of drip became progressively greater with increasing time of freezing 
between 15 minutes and 40 hours in the " critical zone ", 0" to - 5'C. Total drip increased 
with time in the frozen state a t  all temperatures of storage, the relative illcrease being greatest 
with the most rapidly frozen fish. 

(c) Changes i.rz Pats.-The onset of rancidity in the fats was indicated by the development 
of " fishy " and " tallowy " flavours particularly in the brown subcutaneous areas of relatively 
high fat content. " Fishy " flavours were detectable before any measurable increase in peroxide 
values, while the " tallowy " flavours appeared only when the peroxide values were relatively 
high. The factors affecting the development of peroxides were the period on ice prior to freezing 
and the temperatures and time of storage. 

(d) Palatability of Coolced Fish.-The opinions of members of the panel who tasted samples 
of the steamed fish showed that the consistency or texture depreciated with decreasing rates 
of freezing and with increasing temperature ancl time of storage. TVliile it is probable that these 
changes are bound up with alterations in the structural myosin fraction of the muscle proteins, 
it has not been found possible to use the salt-solubility level as a direct measure of the altered 
consistency. 

The rate of development of off-flavours in the lateral streaks increased with lengthening 
of the period on ice prior to freezing, and also with increasing temperature and time of frozen 
storage. Peroxide values provided only an approximate quantitative index of " tallowy " 
rancidity and no measure of the so-called " fishiness ". Generally, the limits of storage life were 
determined by development of off-flavours in the streak areas, such deterioration being regarded 
as more objectionable than the changes in consistency. Nevertheless, the subcutaneous layers 
were frequently badly spoiled while the deeper and less oily areas remained unchanged. 

As judged by their effects on palatability, the order of importance of the various factors, 
apart from the time in store, is temperature of storage, period on ice prior to freezing, and rate 
of freezing. 

(ii) Cold Storage of Smoked Fish.-The storage life of smoked mullet and Australian 
salmon held a t  various temperatures has been determined by palatability tests and measurement 
of the rate of developn~ent of peroxides. The detection of off-flavours was rendered difficult 



owing to the masking effect of the smoke constituents, but all observers could detect off-flavours at 
peroxide values of about 20 (1 g. extracted oil = 20 ml. N/,,, sodium thiosulphate). This 
value was recorded in approximately four months a t  - 12OC. but was not reached in eight months 
a t  - 30°C. Experiments with smoked fish held a t  0" C. have indicated that the storage life, 
measured both by development of peroxides and freedom from microbial attack, is extended 
by increasing the loss of water from the tissues during curing and smoking. 

(iii) The Efect of Antioxidants orb the Development of Rancidity.--Because of the prime 
importance of rancidity of the fats in the storage of fish, the possibility of using antioxidants 
has been considered. The effectiveness of extracts of oat flour has been tested on whole and 
filleted fish which were dipped prior to freezing and periodically examined during storage for 
off-flavours and peroxide development. While the formation of peroxide was retarded to some 
extent by the treatment, there was no appreciable extension of storage life ( a t  - 12' and - 20°C.) 
as measured by the development of off-flavours. More data will be required before any definite 
conclusions can be drawn. 

4. Egg Investigations.-(i) General.-Studies of various factors in the production, handling, 
and storage, which may affect the rate of onset of microbial spoilage in eggs exported overseas, 
have been continued in each mainland State under the joint auspices of the Council and the Egg 
Producers' Council. The Division of Food Preservation and Transport has again been responsible 
for organizing the investigations carried out partly by State investigation groups on which the 
Council is represented and partly by the Division's officers. From the extensive data now 
available, several significant results have appeared, but these will need further confirination 
before it will be possible to draw any valid conclusions. An account of the work carried out 
solely by the Division's officers is giGen in the following paragraphs and in the report of the 
Physics Section. 

(ii) Experimental Shipment to England.-An experimental shipment was examined in 
London by the Division's liaison officer and Mr. C. F. Anderson of the South Australian Department 
of Agriculture. It consisted of cases of eggs of first-class export quality and other cases containing 
eggs which, while edible, exhibited certain faults in internal quality, their export being thereby 
debarred. Examinations shortly after discharge from the ship and also after two weeks at  room 
temperature showed that, while the eggs cor~forming to thc export standards remained in excellent 
condition, those possessing slight internal defects at  the time of shipment from Australia showed 
a considerable amount of wastage from bacterial rotting. This experiment gives additional 
evidence for the maintenance of the existing strict standards of inspection of all eggs submitted 
for export. 

(iii) Bacteriological Investigations.-This work is of rather an exploratory nature, as there 
are many variables to be considered in any research on the mechanism and prevention of bacterial 
infection of eggs. A survey has been made of the types of organisms predominating in typical 
" rots " occurring in eggs produced in Queensland, New South Wales, Victoria, and South 
Australia during the 1938-39 export season. The pathogenicity of 30 organisms, representative 
of the 250 orgnnisnls which were classified, was determined by inoculation of portion of a culture 
into fresh eggs and, after storage of these eggs, classification of the organisms re-isolated from 
the " rots " produced. Pure cultures have been obtained of the organisms predominating in 
the different types of " rots " occurring in experimental eggs used in the Victorian 
investigation group's experiments of t h e  1939-40 export season. 

If it could be proved that the susceptibility to infection of the eggs laid by one bird varies 
a t  different intervals after laying, this would, as well as throwing some li6ht on the mechanism 
of infection, have a practical application in suggesting that there is an opt~mum interval of time 
which should be allowed to elapse between the laying and washing of eggs. Work on this aspect 
is in progress. 

Feeding of a culture of the organism to the birds and inoculation of a culture of the 
organism into the oviduct of the birds will also be carried out with a view to determining the 
natural method of infection of an egg. It is also intended to determine if eggs contain organisms 
a t  a very short interval after laying and, if so, the proportion of eggs which are not sterile and 
the type of organisms present. 

The predominant organisms have been isol~ted from " rots " which, on Victorian egg 
floors, are known as " gassy " eggs, and which usually cause a good deal of trouble during the 
hotter summer months. The pathogenicity of these organisms, which are of similar types, 
has been proved. 

5. Fruit Handling and Storage Investigclions.-(i) Citrus Pruits.-(a) General.-The 
investigations have been continued in Sydney, (rriffith, Melbourne, and Adelaide under the 
auspices of the Citrus Preservation Technical Committee on which the Council and theDepartments 
of Agriculture of New South Wales. Victoria, and South Australia are represented. The main 
lines of investigation being carried out in the four c(1ntres are now as follows :-(1) Fundamental 
experiments designed to discover the nature and ciluses of the rind lesions appearing when the 



fruit is stored a t  low temperatures. (2) Critical studies of the effects of various " sweating " 
treatments. (3) Pathological studies to determine whether some forms of rind lesions have 
a parasitic origin ; also, critical studies of the factors governing the onset of septoria spotting 
in oranges. (4) Studies of the processing of citrus fruits with a view to reduction of mould 
wastage and an improvement in the external physical condition of the fruit. 

(b)  I~avestigaiions at Sydney in co-operation with the New South Wales Departmewt of 
Agrictdture.-The effect of various fungicidal treatments on mould wastage in J\rasl~ing%on 
Navel and Vslerlcia oranges has been further investigated ; borax and Shirlan W.S. reduced 
wastage from Pcnicilliurn. The effect of various emulsioi~s of wax, oil, and shellac on water 
loss is being studied, and further experiments are being planned to determine the effect of wax 
emulsions on wastage. Experiments on the control of storage spot wastage by preliminary high 
temperature sweating treatments have indicated that the effect of sweating is closely relatctl to 
weight loss, but sweating to 3 per cent. moisture loss a t  SOOF. has been more effective than 
sweating to the same loss a t  70°F. It is not certain whether this is due to the higher rate of 
evaporation a t  90' F., or to a direct temperature effect, or whether both factors contributed to 
the result. The effect of sweating is being investigated in more detail this year, and the relation 
between the amount of storage spot xv1.1ich develops in cool storage and the moisture content 

i of the rind a t  the time of storage is also being determined. 
Experiments with Emperor mandarins have further confirmed previous findings that 

firm fruit is of better keeping quality than puffy fruit. Wastage caused by Penicillifilrm attack 
was decreased by washing the fruit with borax and Shirlan W.S. solutions. 

(c)  Iwuestigatioas at Melbourne in co-operation with the Victorian Department of A,qriculture.- 
Experiments over several years on Victorian-grown Washington Navel arid Valencia oranges 
have given strong evidence that a storage temperature of 42°F. is generally the most satisfactory 
in avoiding excessive development of mould and st0rag.e spot. This conc.lusion is not necessarily 
applicable to the storage of oranges grown in other regions in Australia, and more data will have 
to be obtained before i t  will be possible to make a general recommendation covering all Australian- 
grown fruit. Apart from the storage temperature, careful handling and the avoidance of late 
picking (after mid-July for Washington Navels) are the main factors in keeping mould wastage 
at  a minimum. The incidence of storage spot is generally less when the fruit is " sweatcd " 
after picking in the orchard before handling. Brytene emulsions have had no appreciable efi'ect 
on the development of wastage. It is possible that " sweating " a t  high temperatures (70" to 
110" F.) may have a more definite effect on spotting, and this is being investigated during the 
present season. 

(ii) Other Fruits-at Sydney in co-operation with the New South Wales Department of 
Agricultu~e ancl at Melbourne irb co-operation with the Victorian Department of Agriculture.- 
( a )  Apples-At Sydney.-The control of hitter pit in immature Granny Smith apples by 
pre-treatment with ethylene has again been demonstrated this year. This finding is of iniportance, 
as bitter pit is the main form of wastage in the early shipments overseas of Australian apples. 

Experiments with Jonathan apples have indicated that thc date of picking may be more 
important than the ground colour of the fruit a t  the time of picking, as, of four pickings made 
a t  Batlow a t  weekly intervals without regard to ground colour, only the second picking stored 
satisfactorily. Each picking contained fruits ranging from green to yellow in colour, but the 
first picking developed bitter pit and the third and fourth pickings breakdown, soft scald, 
Jonathan spot, and mould. Storage a t  37" I?. for six to eight weeks prior to storage a t  32" F. 
completely controlled soft scald. Storage a t  37°F. in an atmosphere of 16 per cent. oxygen and 
5 per cent. carbon dioxide completely controlled soft scald and Jonathan spot in all pickings, but 
i t  increased wastage and breakdown in the later pickings. As vent,ilation is more restricted in 
gas storage tlhan in air storage, the possibility of superficial scald developing is greater, and i t  
is advisable to use oiled wraps under gas, storage conditions. 

The use of gas storage for Granny Smith, Delicious, and Democrat apples did not result 
in any marked improvement in storage behaviour, but further investigations are in progress. 
The effect of soil and tree dressingq of boron on storage bchaviour indicated that wastage was 
increased by a 4 Ib. soil dressing and 1 per cent. spray, but was not affected by a 1 lb. soil dressing 
or 0 . 2 5  per cent. spray. 

In view of the restricted overseas export of apples and the possibility of long term storage, 
investigations are now mainly concentrated on determining the optimum picking maturity for 
storage and the optimum conditions of temperature of storage and colnposition of the storage 
atmosphere. 

Studies are also being made of the effects on apples of the application of more than 50 
different protective coatings. These coatings are being made up from various oils, waxes, and 
shellac mixed in various properties. The effects on the rate of moisture loss and on wastage are 
being investigated at temperatures in the range 32" to 70" I?. 



At Melbourne.-The conditions governing the storage of Jonathan apples have been fairly 
well defined as a result of several years' work. Soft scald can be controlled by storing at  36°F. 
until the end of April, 34" during May, and 32" F. subsequently. Jonathan spot (where serious) 
can be controlled by the use of an atmosphere containing 5 per cent. carbon dioxide. Satisfactory 
control of breakdown, however, has not yet been obtained ; it is bcing f111,ther investigated. 

Last season the effect of storage temperature on nine other varieties (e.g., Delicious, 
Stewart, Granny Smith, King Cole, Cleopatra, Rome Beauty, Londorl Pippitx, I)emocrat, and 
Yates) was investigated. The Ring Cole variety reacted similarly to the .Jonathan, being liable 
to soft scald at  32" F. None of the other varieties exhibited any signs of low tcrtlperature injury, 
but gave the best results at  32' F. The varieties Delicious, Stewart, C:ranny Smith, Cleopatra, 
and Rome Beauty were liable to superficial scald, wfiiclz was controlled by the u-:e of oil wraps. 

In the Granny Smith variety a further season's experirncnts have confirmed the result 
that bitter pit can be almost completely controlled by picking the apples sufficiently mature 
and storing immediately a t  32' to 34°F. It was found that the dt.velopment of bitter pit was 
much less in apples picked a t  the end of April tlian those picked a t  the beginning. Even in 
the more mature apples, however, there was considerable development of bitter pit if the fruit 
was not stored immediately but left a t  outside temperatures for several days ; if stored in~uic~cliately 
the more mature apples remained practically free from bitter pit up to October. This work 
is being repeated during the present season, partly with a view to obtaining more fundamental 
information on bitter pit and the influence of temperature on its development. 

Gas storage of ten varieties of apples by the method of reduced ventilation resulted in a 
retardation of colouring and softening, more particularly in the culinary varieties (those picked 
green). Contrary to tlie findings in Sydney, the best results were obtained with Granny Smith 
and Stewart varieties. The maximum effect was only obtained in the atmosphere 10 per cent. 
carbon dioxide, 11 per cent. oxygen. As this atmosplierc: proved somewhat injurious for many 
varieties, the experiments this season are being c:~rried out using atmospheres containing only 
5 per cent. of carbon dioxide, but with the oxygen reduced to  10 per cent. and 5 per cent. 

(b) Pears-At Sydne9.-The application of boron as soil and tree dressings had neither 
harmful nor beneficial clffects on the storage life of the fruit. The results of gas storage have 
confirmed previous findings with Victorian-grown fruit that an atmosphere of 16 per cent. 
oxygen and 5 per cent. carbon dioxide increases the storage life a t  3 9  I?. by approxiinately 
50 per cent. The various disorders which occur cluring storage and ripening have been closely 
studied, and the type of disorder varies with variety, locality in which the fruit is grown, and 
length of time the fruit has beerr irl store. The use of protective coatings for retarding respiration 
and prolonging the storage life is being investigated. The possibility of extending the canning 
season by cool storage and gas storage is being studied in conjunctio~x wit21 a large firm of canners ; 
tests have been carried out with the Golden Queen peach and the IVilliam pear. 

At Me1bwurne.-The experiments on gas storage of pears are being continued during the 
present season. The storage life of W.B.C. and Bosc pears at  32" 17. has grnerally been increased 
from about three rnonths in air to six months in 10 per cent. carbon dioxide (by reduced 
ventilation). However, these varieties are not very promising for long storage, as other varieties 
such as Packham, JZZinter Cole, Josephine, and Winter Nelis have a storage life of five to six rnonths 
a t  32" F. in air. The increase of the storage life of the 1V.B.C. variety makes possible a considerable 
extension of the canning period, which will probably be of considerable importance with further 
expansion of the industry. 

Experiments conducted in some detail with the W.B.C. and Bosc varieties have shown 
conclusively that coritinuous gas storage gives far better results than gas storage before or after 
a period of air storage. This fincling is strikingly shown in the following table for TV.B.C. pears. 

I 

Storage life at 3'2' F. (months) 

Air . . . . . . . . . . . . 24 2 
Ten per cent. carbon dioxide . . . . . . 7 5 
Air six weeks, then 10 per cent. carbon &oxide . . 34 24 
Ten per cent. carbon dioxide two months, then air . . 34 34 
Ten per cent. carbon dioxide four months, then air . . 5 5 

The 1'V.B.C. pears that were held initially for six weeks in air at  32" F. were particularly 
liable to injury by carbon dioxide during subsequent gas storage ; they developed skin spotting 
and " brown heart ". 



For the Bosc variety it is possible that carbon dioxide injury could be serious in consignments 
exposed to carbon dioxide on shipboard after a period of air storage on land. Bosc pears kept 
a t  32" 8. either in air or 10 per cent. carbon dioxide for twenty-one weeks, and tllcn ripened, 
were entirely free from disorders after a week at  60" F., but 100 per cent. of the pears kept for 
fourteen weeks in air followed by seven weeks in 10 per cent. carbon dioxide developed 
internal disorders. 

The longer-keeping varieties Packham, MTinter Cole, and winter Nelis were investigated 
last season, and were found to have a, storage life of ten, eleven, and twelve months respectively 
in 10 per cent. carbon dioxide. This offers possibilities for longer storage, but the results need 
confirmation ; further work is being carried out during the present season. 

Most of the work with pears has been carried out in atmospheres obtained by reduced 
ventilation. In the present season other atmospheres (e.g., 5 per cent. carbon dioxide, 10 per 
cent. oxygen ; 10 per cent. carbon dioxide, 5 per cent. oxygen ; and 5 per cent. carbon dioxide, 
5 per cent. oxygen) are being included, and six varieties are being investigated a t  two stages of 
maturity. 

The ripening of pears after storage has been given some attention. With most varieties 
i ripening is either abnormal or too slow a t  bIIelbourne winter temperatures. A leading Victorian 

grower has built a ripening room and ripened pears a t  65" P. during the winter with very encouragirig 
results. However, it has been found that the varieties Packham and Josephine, although ripening 
perfectly a t  65" F., do not colour well a t  this temperature. Satisfactory colouring was only 
obtained a t  55" F. and below. 

(c)  Plums.-At Sydney.-Very satisfactory results have been obtained with the Sarita 
Rosa, Federation, Angelina, and Grand Duke varieties, using as storage conditions 32" P. for 
three weeks and subsequently 45" F. The use of lower storage and ripening temperatures has 
been investigated, but the results have not been satisfactory. This year's experiments have 
confirmed previous findings that the life of the President variety is relatively short. 

- 

At Melbourne.-The experiments with plums in recent years have been directed towards 
determining the optimum conditions for shipment to England of the mature fruit (i.e-, those picked 
well grown and partly coloured but still firm, giving a pressure test of 8 to 10 lb. with the U.S. 
Penetrometer). Such plums are likely to give the highest quality on subsequent ripening. It 
has been concluded that if such plums were held a t  32" P. for not more than three weeks, and then 
held a t  45" F. for slow ripening during the remainder of a six weeks' voyage, most varieties 
would be discharged nearly ripe but sound and of good quality ; while, if held a t  32" P. for 
the whole of the voyage, they would be discharged in a less forward condition but would 
develop internal disorders either during the voyage or shortly after discharge. 

The modified conditions were tried in an experimental shipment in 1939, but as the London 
market reacted unfavorably to ripe plums it was advisable to ascertain whether the fruit could 
be held at  32" P. for longer than three weeks or transferred subsequently to a lower temperature in 
order to retard ripening. It was found, however, that a maximum period of three weeks a t  32" P. 
and a minimum subsequent temperature of 45" F. marked the limits of safety with all the 
varieties investigated in the last season, with the possible exception of the Cole's Golden Gage and 

I Greengage varieties. From three seasons' results it is expected that these conditions should be 
satisfactory for Santa Rosa, Satsuma, Narrabeen, King Billy, Jefferson, Cole's Golden Gage, 
Greengage, Golden Drop, President, and Grand Duke varieties. The Formosa, Wickson, and 
Diamond varieties could not even be carried under these conditions, as they will undergo 
deterioration if stored for more than two weeks a t  32°F. Their export is, therefore, not 
recommended. 

(d)  Peaches.-At 8ydney.-The storage life of the J. H. Hale variety picked a t  an immature 
stage has been considerably increased a t  32" F.  by delaying its cool storage after picking, by 
prestorage treatnient with ethylene, and by storage in an atmosphere of 16 per cent. oxygen and 
5 per cent. carbon dioxide. The storage life of this variety was very much longer a t  30" P. than 
a t  32O P. 

At Melb0urae.-Investigations over several years have centred around the problem of 
export to England. The storage life at  32" F.  of the three varieties Smith's, Catherine Anne, 
and Late Crawford-which mature from late January to early February-has varied somewhat 
from year to year, but has always been a t  least five weeks. Experiments in past years suggested 
that this might be increased by gas storage, but the results have been too variable for com~nercial 
application. Only in the less mature peaches was the storage life increased by gas storage, while 
in the more mature fruit i t  was often decreased. It is almost impossible to obtain peaches 
commercially a t  an exact stage of maturity, as in hot weather they may soften in twenty-four 
hours. Further, in the present season, peaches were obtained from a clifferent grower and no 
appreciable increase in the storage life has been obtained by gas storage. 



The storage life of a t  least five weeks a t  32" F. is obtained only if the peaches are subsequently 
ripened a t  65" P. ; a temperature of 45" I?., which would correspond approximately with market 
temperatures after discharge in England, is too low for satisfactory ripening of this fruit. Five 
weeks is just sufficient to allow shipment of peaches on the fastest ships, provided the fruit could 
be subsequently conditioned a t  65" F. on discharge. This method, however, would allow no 
margin of safety in the case of delay in arrival of ships or delay in conditioning the fruit after 
discharge. 

Following some interesting results obtained by Davies and his colleagues in South Africa, 
details of which were kindly given to the Council's investigators, similar studies here indicated 
that if peaches of these three varieties were held for two days a t  65" F. or one day a t  80" P. after 
picking, they still had a storage life a t  32" F. of five weeks, but they could be subsequently ripened 
a t  45" P. Conditioning before shipment is certainly much more practicable, as it merely involves 
leaving the fruit out for about a day in hot summer weather or tmo days in cool weather before 
loading or placing in cool store. The best results were obtained with peaches picked wllile still 
firm. Hence, peaches could be picked while still sufficiently firm to handle, and conditioned 
after packing. These results are, of course, based on only one season's results and they need 
confirmation. 

It was also interesting to observe that the peaches conditioned before storage a t  32" I!. 
had a storage life about two weeks longer when subsequently ripened a t  65" I?. than thosestored 
immediately. 

(e) Grapes.-At Melbourne.-The chemical control of mould in grapes is being further 
investigated during the present season; the best results have been obtained by packing in cork 
treated with a mixture of iodine and potassium iodide. The use of cork treated with the soiium 
salt of o-phenylphenol and also with potassium metabisulphite is being investigated. As 
granulated cork is becoming scarce and expensive, the use of alternative packing materials is 
being tried. The paper-woodwool pack has resulted in considerable mould wastage in past years, 
but in present trials the addition of alum-bisulphite tablets (following South African practice) 
is checking mould satisfactorily. The use of sawdust as a pa,cking material is also being 
investigated. 

6. Fruit Products Invest<qations.-(i) Apple Juice.-These experiments were carried out 
with the co-operation of the Department of Agriculture of Tasmania, from which State portion 
of the fruit used was derived. Seven varieties were tested a t  three pickings representing early, 
mid, and tree-ripe maturity. All fruit was of standard grade and treated according to a selected 
schedule with the object of obtaining the widest possible experience during the current season. 
The general processing method adopted was as follows :-Cull, wash, mill, press, strain, deaerate, 
flash pasteurize, cool, arrd bulk-store. Glass carboys of six gallons capacity were used for bulk 
storage, and by rigid exclusion of air in the headspace the growth of moulds was suppressed. 
Clarification by the use of pectolytic enzymes was not included as a routine measure, sedimentation 
during storage being regarded as a suitable alternative. No attempt was made to adjust the 
sugar-acid balance, since blending from bulk is to be effected later. 

Pour apple varieties-Cleopatra, French Crab, Sturmer, and Scarlet-were obtained 
from Tasmania, and Jonathan, Granny Smith, and Delicious from New South Wales. With 
small lots of juice, the maceration process recommended for improvement in flavour intensity 
was tested. No appreciable differences were noted, though it is to be recognized that maceration 
is of value with certain varieties only. Satisfactory results were obtained when brilliant 
clarification was attempted by the use of Strasburger and Seitz Filters. Pre-treatment with 
commercial pectolytic enzymes was inconclusive, and it would appear from preliminary 
investigation that viscosity change is not a useful measure of the effectiveness of such treatment. 

The apple juice investigations are still proceeding and have not yet reached the stage a t  
which recommendations as to commercial procedure may be made. However, indications are 
that processing methods adopted overseas are likely, with slight modification, to give satisfactory 
results in Australia. 

(ii) Pineapple Juice.-Investigations were extended to cover Smooth Cayenne and 
Common Rough varieties grown in north and south Queensland. The general processing procedure 
adopted in the previous year being found satisfactory, work was directed towards refinements 

, of individual steps in the preservation method. It was found that while deaeratioii is essential 
with many fruit juices immediately precediiig pasteurization, it is unnecessary in the case of 
pineapple juice and, in fact, contributes somewhat towards loss of flavour. Pasteurization a t  
173" P. was shown to be equally as effective as the higher temperature of 190" F. used hitherto. 

Reports from abroad suggest that the incorporation of constituents from the peel of 
pineapples produces bitter flavour in the juice. This point has been thoroughly tested and found 
to be untrue where Australian fruits are ill question. Moreover, the use of unpeeled fruit desirably 
heightens colour intensity in the product. Confirmatory tests of earlier work demonstrate the 



necessity for rapid cooling of cans that have been filled with hot juice. When allowed to cool 
in air, cooked flavour developed to an appreciable degree. Finally, while work connected with 

1 
the clarification of pineapple juice is not yet sufficiently advanced, it would appear tentatively 
that a cloudy juice is to be preferred. 

(iii) Citrus Juices.-The production of high quality orange juice presents greater difficulties 
than other juices as yet studied in this laboratory. The development of bitter flavour and an 
off-flavour akin to that of marmalade are the chief faults. Both of these undesirable flavours 
may be produced by severe processing treatments or may develop slowly in store. For this 
reason the effective life of orange juice is limited and may be set a t  two to three months a t  
atmospheric temperatures or approximately six months when held in cool store. 

The usually accepted temperature of pasteurization of orange juice is of the order of 
200" I?. to 205" P. Reduction in temperature to 195OP. and 190" I?. appeared to give an equally 
satisfactory product ; however, the work will need to be repeated before a final conclusion can 
be reached. 

Two methods of juice extraction were tested, viz., pressure on peeled fruit and burring of 
unpeeled cut halves. The former method was found to give added bitterness due to leaching of 
the albedo. The burring method is also disadvantageous in that a certain amount of aeration is 
involved. Nevertheless, burring followed by rapid deaeration was found to give the better 
result. 

Pour orange varieties were tested during the season. Washington Navels a t  all maturities 
gave juices that were markedly bitter and unpalatable. Excision of the navel has been suggested 
as a means of mitigating bitter flavour, but a number of tests in this direction were carried out 
without success. Owing to adverse seasonal conditions, insufficient fruit was available for 
effective work on Joppa and Parramatta orange varieties. Parramatta oranges were again 
shown to be eminently suitable for juice production and considerably superior to the Joppas. 
Valencia oranges were fully tested, and when picked a t  the correct maturity they yield a 
satisfactory product though somewhat inferior to that obtained from Parramattas. 

One lot of Marsh Seedless grapefruit was converted to juice by expression of peeled fruit. 
The juice was somewhat bitter but nevertheless very palatable, the delicate fresh flavour being 
well retained. Work with lemons has not yet been attempted but will be included in the 
forthcoming season. 

(iv) Tomato Juice.-Juices were obtained from three varieties of tomatoes gathered on 
two occasions. The effect of flash pasteurization as compared with holding pasteurization 
was tested, as also was the process of homogenization. Standard treatment consisted in scaldin 
the fruit to an internal temperature of 170" P. after it had been soaked in water, washed, an f 
graded. Juice was obtained from an expeller press, strained, adjusted with salt and sugar, 
deaerated, pasteurized, and canned. The most suitable of the varieties tested was the Marglobe, 
though Bonny Best also gave a palatable product. Break of Day blended with Marglobe was 
reasonably satisfactory but of itself could not be regarded as a suitable variety. No difference 
was noted between the two methods of pasteurization employed, while the effect of homogenization 
was immediately apparent in the smoothness of the juice. The latter process appeared to reduce 
the colour intensity slightly, but the otherwise undesirable effects reported from overseas were 
not apparent. 

(v) Prune Juice.-Two varieties of prunes, viz., Robes and D'Agens, were used a t  the 
suggestion of the Dried Fruits Board of New South Wales, which provided the necessary fruit. 
Within the variety, three grades, medium, small, and cull, were tested using a modification of the 
well known battery diffusion method of extraction. The work is still procecding, but has 
nevertheless arrived a t  a stage where it might safely be concluded that Robes are definitely 
superior to D'Agens for juice purposes. The former are well balanced in acid and sugar and 
possess a pleasant flavour which is carried over into the product. The D'Agens samples used 
were found to be deficient in acid and lacking in flavour. Culled Robes gave a juice that was 
little, if a t  all, inferior to that produced from good quality fruit. 

(vi) Grape Juice.-One phase of this work consisted in the testing of a wide number of 
varieties for their suitability for coiiversiorl to juice, and these studies were appropriately located 
a t  the Roseworthy Agricultural College, South Australia. lnvestigatioiis by the Division in 
Sydney were confined to processing technique. At Roseworthy, some 27 separate varieties were 
tested, and of these a number grown under irrigated and non-irrigated conditions were investigated. 

Pour varieties only were used a t  Homebush. The accepted processing procedures were 
varied, but little difference in the final product was noted. A suitable sequence of operations 
is as follows :-mill, press hot, strain, deaerate, flash pasteurize into carboys, store, siphon, 
centrifuge, clarify, deaerate, flash pasteurize, and can. 



(vii) Miscellaneous Fruit Products.-Preliminary work has been carried out on the 
manufacture of fruit jellies and of milled apple pulp for culinary purposes. Fruit jellies prepared 
from fresh fruit juices by the addition of sugar, acid, and pect,in and the application of heat were 
shown to be very acceptable owing to retention of true fruit flavour in the product. As far as 
is known, fruit jellies manufactured in this way have not yet been marketed in Australia. 

Milled apple pulp was prepared by passing peeled and cored apples through a high speed 
grater mill and vacuum canning the milled apple, which is then sterilized by inimersion for thirty 
minutes in boiling water. The object of the technique is to s~ibniit the apple to a minimum of 
processing in order to retain maximum flavour intensity. It is proposed to compare milled apple 
pulp with commercial brands of pie apple and with pie apple prepared a t  the Homebush 
laboratories. This work is still proceeding. 

(viii) Lacquer Investigation.-The internal lacquering of tinplate cans has been further 
investigated. By small refinements in technique it has been found possible to reduce the tin 
content in fruit juices to an extremely low figure. Using locally manufactnred lacquers and 
the spray metl~od previously evolved, the protective coating was found to be resistant to all 
juices so far handled. An alternative method of lacquering whereby the can is filled with lacquer, 
inverted, and allowed to drain prior to stoving is now being investigated. It would appear that, 
in the case of either method, double coating is desirable. Preliminary work on lacquers designed 
to prevent staining in meat cans has been undertaken. So far the results have not been entirely 
satisfactory. 

7. Physics.-(i) General.-As in previous years, a large proportion of the time of the 
Physics Section has been devoted to the maintenance and running of mechanical equipment, 
the design and construction of apparatus, the statistical analysis of experimental data, and the 
design of experiments and collaboration with other Sections of the laboratory on various problems. 

(ii) Evaporation of Water from Oranges.-Wilting or " loss of condition " due to excess 
water loss sometimes results in considerable decrease in the market value of oranges in commercial 
handling, and work is being carried out to discover means of reducing this loss. The effect on 
the condition of the fruit of any given proportion of water lost varies to some extent with different 
samples of oranges, but these variations seem generally to be small. As a rule, wilting becomes 
quite obvious when the water loss from the oranges exceeds about 5 per cent. of the initial weight. 

In most of the growing areas it is necessary to wash oranges before packing for market. 
This washing is usually done in the packing houses in specially designed machines incorporating 
baths of some detergent solution, scrubbing brushes, drying tunnels, polishing brushes, and 
mechanical graders. A bath containing a fungicidal solution such as borax, and a tank for the 
application of wax emulsion, are sometimes included. It has been found that most of the detergent 
and fungicidal solutions in common use cause large increases in the rate of evaporation of water 
from treated fruit. TTith some of the detergents this increase may exceed 100 per cent. Thorough 
rinsing with clean water will eliminate or a t  least greatly reduce the adverse effect of the detergent 
solutions when the oranges are carefully washed by hand, but i t  is by no means certain that 
rinsing would be equally effective in machine treatment. The effect of rinsing in machine handling 
is now being studied. It has been shown that one of the long chain sulphonate detergents which 
is available commercially in Australia is an efficient cleanser and has no appreciable effect on the 
rate of loss of water from oranges when used for washing by hand, but when it is used in one type 
of commercial machine there is some increase in the rate of evaporation from the oranges though 
much less than with the detergent formerly in use. Tests are now in progress to determine 
whether this is a direct effect of the scrubbing brushes or whether the detergent solution also 
plays a part. It is possible that most of the detergents now in use have considerable fungicidal 
value, so that more work is necessary before i t  can be stated whether or not the adoption of rinsing 
or a change to one of the newer detergents is advisable. 

After washing, oranges are sometimes given a thin coating of a suitable wax to restrict 
evaporation and improve the appearance of the fruit. Several of the relevant processes have 
been tested and shown to cause a restriction of the rate of loss of water of the order of 40 per 
cent. Most of the experiments so far carried out have been with oranges stored in open trays, 
but some tests have been carried out with oranges packed in cases. It was found that the outer 
fruits in the cases always behaved in the same way as oranges in open trays, but in a cold store 
a t  40" P. with a low rate of air circulation the rate of evaporation from inner fruits was low and 
almost unaffected by previous washing or waxing treatments. In cases of fruit stored a t  70" F. 
with a fairly vigorous air circulation, the rate of evaporation from the inner oranges was less than 
from the outer fruits, but the effects of washing and waxing treatments were only slightly less 
than in the outer fruits. The proportion of Australian oranges which are held in cold storage 
between picking and marketing is not large, and even with cold-stored f r ~ u t  the weight loss in 
storage is generally small compared with that during the remainder of the marketing period, 



so that the experiments carried out so far indicate that the effects of washing and waxing treatments 
on oranges submitted to ordinary commercial handling will be slightly less than those observed 
under laboratory conditions. Further work on the effect of packing in cases is in progress. 

(iii) The Evaporation of Water from Eggs in Storage.-It is desirable to keep the loss of 
water by evaporation from eggs in cold storage as low as possible, but, if the relative humidity 
of the air surrounding the eggs is too high, there is serious risk of mould attack. Work has been 
started in co-operation with the Egg Producers' Council to determine whether i t  is possible by 
simple means to reduce the water loss from eggs shipped to England, without introducing any 
appreciable risk of mould attack. A test has been carried out, using two of the standard packing 
materials, to estimate the effect of (a) equilibration of the packing material under the conditions 
of the storage room before packing the eggs, and (b) lining the cases with a treated paper which 
is fairly efficient in restricting the passage of water vapour but not so impermeable as a good 
quality waxed paper. Further tests will be carried out with other wrapping materials. 

(iv) CooZirc,g of a Wet Body.-Work on this problem has been continued, but it has not yet 
proceeded far enough to draw definite conclusions. 

I 8. Investigations by the Division's Liaisort Ofictr irt London.-(i) General.--A considerable 
proportion of this officer's time has been occupied by inquiries originating in Australia and relating 1 to such matters as rljuipment for the drying of foodstuffs, t i e  production of pure fruit juices, 
materials for the packaging of dry and moist perishable foods, and the canning of fruits and 
vegetables. llore recently, he has been able to keep the Division fully informed about the problems 
which are arising in Great Britain in war-time in t'he feeding of the civilian population and the 
fighting services. With the data so provided, it has been possible for the Division to give 
attention to several problems of immediate urgency. 

(ii) Exanzinations of Experimental and Comrnercinl Shipments of Poodstu$s.-During the 
yesr, the liaison officer has examined and reported on the out-tim and ripening of one small 
experimental shipment of Bcurre Bosc pears forwarded from New South Wales and on a large 
number of consignments of t'his variety from commercial shipments. Previous studies had 
shown that while Australian Bosc pears usually arrived in England in a reasonably sound condition 
either they developed severe disorders before ripening (during marketing), or, if remaining free 
from disorders, they seldom ripened to a satisfactory degree of texture, flavour, and juiciness. 
The studies in the 1939 season have confirmed these findings, and have provided strong evidence 
for the contention that the Beurre Bosc variety is seldom suitable for export from Australia to  
Great Britain. 

i X. FISHERIES INVEST1 GATIONS. 
1. General.-Progress has been made during the past year in the primary investigations 

of the Fisheries Division into the potentialities of the pelagic fisheries. It is considered to be 
established that from certain well-situated ports-of which a typical example is Eden on the 
southern New South MTales coast-fishing for tuna by trolling can be successfully carried on 
by small powered boats for several months in the year, and the establishment of canneries a t  
or near these ports should now encourage the gradual growth of this type of fishing. Experiments 
are now being conducted in the capture of tuna by large-scale commercial methods. In the 
case of a t  least one tuna species (striped tima), i t  has been shown that the live-bait method is 
successful. Experiments are continuing with various types of live bait on the other tuna species, 
and the occurrence of suitable bait fishes is receiving close attention. 

The rapid growth of the salmon canning industry and its by-product meal and oil industry 
has involved the provision by the Fisheries Division of an advisory and analytical service, 
including experiments on methods of liver preservation and oil extraction. The possibilities 
of canning and fully utilizing other fish species are also receiving attention. 

Aerial reconnaissance flights had unfortunately to  be suspended owing to the national 
war emergency. Three officers of the Division have visited Western Australia a t  different periods 
during the past year in order to make preliminary observations on the occurrences of fish of 
potential value, e.g., tuna, salmon, and crayfish. 

2. Technological Section.-Since the last report, two papers on the marketing of fresh 
fish in Australia have been submitted for publication. One of these, Pamphlet 93, has now 
been issued, while the other is in the press and deals with the bacteria isolated from fish muscle 
and other allied sources. It is concluded that the bacterial flora of epoiling fish muscle is essentially 
that of the sea-water in which the fish lives, and of the slime and gills of freshly caught fish. 
Boxes, tables, and other articles with which fish habitually come in contact are infected with 
these bacteria which live and multiply in their new habitat, thus reinfecting other fish which 
are brought into contact with them. 
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A number of the commoner fish have been canned in various ways, and it has been found 
possible to make very palatable packs of the following :-mullet, barracouta, bluefin tuna, striped 
tuna, bonito, kingfish, little tunny, and albacore. A report of this section of the work is being 
prepared for publication. It will contain a re'surne' of methods and results of overseas operations, 
and the information which has been obtained by experiment and discussion. 

Some smoking experiments have been carried out, including the smoking of mullet as a 
substitute in the manufacture of bloater paste. It is the aim of the Division to indicate methods 
for the smolting and canning of Australian fishes to replace overseas fish should these become 
unobtainable. 

3. Tuna Investigations.-The lines of inquiry pursued during the preceding year have 
been continued and extended in the period under review, namely, the study of the geographical 
distribution and movements of the Australian tunas, and the biological work on racial stocks, 
fluctuations, and feeding habits. The investigations have shown that there are nine species 
of tuna in Australian waters, of which a t  least six have commercial possibilities, though two 
(the southern bluefin and the striped tuna) must be regarded as the staples in any considerable 
canning industry. The status of others inhabiting northern Australian seas is still uncertain, 
owing to the fact that the research vessel has made no surveys there. 

A publication dealing with the Australian tunas, and designed for the use of the fisherman 
and fish-processor, is now ready for the press ; it contains a digest in popular language of what 
has been learned so far, and, owing to the desirability of expanding the fishing industry for 
war-time needs, it is being published in advance of the scientific papers on which the data is 
based. The laboratory and ship investigations have been aided by the co-operation of the 
two commercial canneries which have operated during the year, and useful statistical data have 
been supplied. Valued help has also been given by sport fishermen and others interested in 
these fish, notably Mr. C. E. Wellings of Eden, and Mr. A. F .  D'Ombrain of West Maitland, 
New South Wales. During the year, the Warreen has conducted tuna investigations from 
Mackay, Queensland, to south of Hobart, and one cruise has been made to South Australian 
waters. Investigators have also visited centres in Western Australia where tuna occur. 

Achievements in practical fishing methods have not yet been as great as hoped for, but 
successful attempts with live anchovy bait have demonstrated that striped tuna can be caught 
in large quantity by this method. It is quite likely that southern bluefin can be taken similarly. 
For commercial needs of the moment, however, trolling from small boats is adequate, and this 
method of fishing should be eminently suitable on the south coast of New South Wales. Last 
season, one- and two-men craft were able to land an average of a hundred tuna in a half-day's 
fishing. Lack of conclusive results by the Warreen have been mainly due to difficulties in 
obtaining live bait. Concentrated effort is now being devoted to this problem. 

4. Clupeoid Fishes (Pilchards, Anchovies, Sprats, &.).-The principal lines of investigation 
followed in respect of these fishes continue to relate to distribution and size, though much work 
has also been done on chemistry and maturity, and some on age and race-differentiation. 
Most of the work has concerned species from the waters of south-eastern Australia. 

(i) Pilchard (Sardinops neopilchardus).-Further research has confirmed the opinion held 
earlier that this fish is most conspicuous in the waters of New South Wales and southern Queensland 
in the late autumn, winter, and early spring, when it occurs in a t  least moderate abundance in 
surface shoals. The main concentrations of fish seem to occur off the southern and central 
sectors of the New South Wales coast in the autumn, the central and northern sectors in the 
winter, and the northern sector and the waters of southern Queensland in the spring, thus exhibiting 
a northerly movement as the season progresses. The oil content of the pilchards a t  this season 
is low, probably on account of the spawning or spent condition of the fish ; in the summer months, 
when the fish are sexually immature, the oil content is very much higher but unfortunately 
they are not so numerous a t  the surface a t  this time. The length of those so far measured averages 
about six inches, with a maximum of 8& inches. The occurrence of surface shoals of spawning 
pilchards in South Australian waters during the summer and autumn has been confirmed. 
Little is known about other waters except that those of the east coast of Tasmania do not seem 
to be much, if a t  all, frequented by pilchards a t  any time. 

(ii) Anchovy (Engraulis Australis).-There is little deh i t e  information to add to previous 
reports on this fish, except that there appears to be a well-marked spawning season during which 
the fish are numerous and sometimes form shoals, during spring and summer, on the southern 
coast of New South Wales. Anchovies often occur in bays and estuaries, as well as in the open 
sea, and have now been proved to be excellent live bait for striped tuna fishing. 

(iii) Other Species.-The blue sprat (Stolephorus robustus), sandy sprat (Hyperbphus 
wittatus), and southern herring (Harmgula cnstelnazci) are species of the bay and estuary waters, 
in which they seem to remain all the year round. The largest is the herring, which averages 
about five inches in length, and which seems to be particularly common in the northern regions 
of New South Wales and in southern Queensland, and to have commercial possibilities. Two 



other species, the maray (Etrumeus jacksonimsis) and the sprat (Clupea bassensis), are still 
little known ; the latter, which seems to be principally a fish of Tasmanian waters, wap abundant 
near Hobart in May, 1940. Fishing experiments for shoals of these fish in the open seas have 
not to date been particularly successful, though some fair ca tche~ have been made with lampara 
and drift-nets. 

5. Mullet Investigations.-The mullet investigations are aimed a t  obtaining information 
on spawning (place and time), rearing grounds, migrations, growth rate and size a t  various 
ages, maturity, and racial composition of the stocks of the bullhead mullet, Mugil dobula. 

Efforts a t  securing information on spawning have not yielded complete or conclusive results, 
but data obtained suggest that M. dobula spawns during early winter, a t  the entrance to the rivers, 
that the spawning is confined to the northern part of the area of distribution, and that the southern 
waters are stocked by movement southward, either as larvae or as older fish. It is reasorlably 
certain that the larvae and young fish occupy the estuary during the first year, move further 
from the sea in the second year, and mature a t  the end of the third year, when they make a spawning 
migration in autumn and early winter. 

Tagging operations have been continued, and sufficient returns have been secured to indicate 
that there is an extensive northward migration probably in echelon formation. This applies to  
M. dobula of all kinds (i.e., whether recognized as sea or river mullet). During the year, 
measurements and collection of scales have been continued in the market and the field. 
Representatives of practically all age groups have been secured from most places within the 
area of distribution on the eastern coast, and a fair quantity of data has been secured from 
Western Australia. It is anticipated that the analysis of these data will show whether or not 
the fishery may be considered depleted. Suggestions as to protection and control will be possible 
upon completion of these studies. 

Whilst most of this work has been upon M. dob,ub, attention has been given to the other 
mullets and to other important species of the estuarine and coastal fishery, where these have been 
met in the course of field operations. 

6. Oystcr Investigations.-A survey has been made of the oyster industry of the eastern 
coast of Australia. It is apparent that increase in the production and sale of oysters in Australia 
is quite possible. Such increase would involve the use of ground a t  present not used, and 
improvement in methods in many instances. Problems to be solved include those of elimination 
of the effect of variations in spat fall, of acceleration of growth rate, of formation of good shell 
shape, of maintenance in good " condition ", and of the elimination of losses. Marketing problems 
relate to the establishment of grading, and to the improvements in methods of placing oysters 
on the market. 

The problems of growth and conditions have been attacked by fundamental studies which 
comprise biometrical, biological, and chemical analyses of samples, with correlated hydrological 
work. In addition, extensive ecological observations have been made. Work has been done 
on the histology of the oyster as a basis for pathological and physiological studies. A kymographic 
apparatus has been set up in association with the constant temperature aquaria, with which 

. experiments are bcing conducted on the effect on shell movements (and therefore on the welfare 
of the oysters) of variations in temperature, salinity, hydrogen ion concentration, &c. One 
hundred samples of normal oysters have been submitted to the above analysis, and it is proposed 
to use that analysis in association with histological and kymographic work in an approach to a 
study of " winter mortality ". An experimental lease has been established in George's River 
from which material for this work is to be obtained. 

A " spatting " lease has been established in Port Hacking where experiments are being 
conducted on the efficacy of various materials in collecting spat. Data have been collected 
here on time and level of spat fall. Observations have been made also on occurrences of oyster 
larvae in plankton catches, and these results in relation to ecological observations may suggest 
developments in respect to materials, place, and time for spat catchment. 

7. Australian Salnzon Investigations.--With the rapid and valuable development of the 
canning and general utilization of this species in the south-eastern Australian region, a complete 
knowledge of life history, distribution, movements, and technology has become essential. 

Studies so far made indicate that in the above area there are two distinct populations. 
One occupies the New South Wales coast southwards from about Sydney to Green Cape. This 
may be called the Eastern Group. The other, which may be termed the Southern Group, occupies 
the Victorian coast from approximately Mallacoota to Cape Otway, and is found also off north-east 
Tasmania and in Bass Strait. This tentative differentiation is based upon characteristic growth 
rates, and the marked difference in spawning season. Thus the bulk of the Eastern group 
appearing in the commercial catch range fro~n 6 to 8 Ib. in weight, appear to be from 6 to 8 
years old, and spawn between January and April. The corresponding findings for the southern 
group are 4 to 6 lb., 7 to 9 years (indicating a much slower growth rate), and October to April. 
The line of demarcation between the two groups occurs about Cape Howe. 



Experimental tagging of young salmon has been commenced in the Gippsland Lake 
region of Victoria. 

Life history investigations have commenced. The areas of occurrence of young fish are 
being determined and examined and specimens of from l+ to 12 inches have been obtained. 
These, in order of increasing size, are known as " crackers ", " lumpy trout ", and " salmon 
trout ". It may thus be possible to discover the spawning grounds. 

8. Hydrological and Plankton Report.-The investigations of the Hydrological Section 
during the year under review have been in the nature of an extlension and amplification of the 
programme given in the previous year's report. Complexity of the problem, lack of previous 
investigations, and immensity of the area covered, make it impossible a t  this juncture to explain, 
on established hydrological concepts, the major problems of distribution. A great deal of 
hydrological data has, however, been accumulated, and sufficient is probably now available for 
correlating with the occurrence of certain types of plankton and the fixing of limits of tolerance 
of fish species, &c. The seasonal variations in the properties of the water masses a t  established 
stations along the coastline have now in most cases been completed, and a rough criterion of 
variation can now be established for major seasonal departures from this normal value. 
Considerable progress has been made in the characterization of the more southerly Australian 
waters by means of the species taken in plankton catches. Selection of indicator species is 
being made, these being types which are found only in unusually warm or cold water, and which 
are, therefore, useful in demonstrating unusual incursions of water of either type as the ease may be. 

X. AUSTRALIAN NATIONAL STANDARDS LABORATORY. 
In  the previous report, reference was made to the erection of this Laboratory in the grounds 

of the University of Sydney. During the year under review the work of erection was practically 
completed. The equipment for the Laboratory is now being assembled. Two of the three 
senior officers have now returned to Australia and other officers a t  the National Physical Laboratory 
in Great Britain are obtaining experience and equipment. 

1. Metrology Section.-Equipment is on order that will enable the lengths of slip gauges 
which form the basis of control of modern factory production to be checked in terms of wavelength 
of light to an order of accuracy of one-millionth of an inch. Longer lengths will be controlled 
by end bars, of which the longest will be one yard. Equipment for the inter-comparison of such 
bars is due to arrive shortly. The Section, however, is already assisting in the checking of 
gauges used for munitions and general factory production in New South Wales and Queensland. 
Negotiations are in progress for the purchase of the Laboratory's standards of mass. 

2. Electrotechmlogy Section.-The portion of the building reserved for this Section is not 
yet quite complete and thus it has not been possible to set out the equipment required for electrical 
testing in the various rooms. However, a number of urgent investigations in connexion with 
the defence programme have already been carried out, and others are in progress. 

The development of the Section will commence with the setting up of equipment for direct 
current measurement, including the testing of standard cells and resistances and of auxiliary 
equipment such as direct current indicating instruments, potentiometers, Kelvin and Wheatstone 
bridges, resistance boxes and other similar apparatus. When this function of the Section is 
developed sufficiently it will then be possible to proceed with measurements at power frequencies, 
Such measurements will include the testing of alternating current indicating instruments, 
electricity meters, current and voltage transformers and dielectrics. Simultaneously, the 
testing of the magnetic properties of materials will also be developed. The next stage will be the 
installation of standard bridges and networks for measurements of inductance and capacity, 
and other measurements a t  audio frequencies. At a later stage, facilities will be available for 
testing a t  higher frequencies. 

3. Physics Section.-The staff of this Section is still abroad, but its equipment is now being 
delivered. The maintenance of electrical standards of E.M.P. and resistance will ultimately be a 
function of the Section. It d l  also undertake the calibration of all varieties of thermometers 
and pyrometers and will be equipped to carry out investigational work on heat insulation, 
and work in connexion with spectropkotometry, optics, photometry, refractometry, X-ray 
technology, viscosity and hydrometry. Equipment has been provided for an optics workshop 
for the production of precision surfaces in glass. 

4. Sectiopn of Co-ordination of Testing.-This section has been established for the purpose 
of bringing about uniformity of practice in Australian testing laboratories so that reasonably 
concordant test results may be ensured. The immediate programme is being confined to 
laboratories concerned with the mechanical testing of materials required for defence purpoaes. 



I XI. AERONAUTICAL INVESTIGATIONS. 

1. General.-Substantial progress has been made in the establishment of the research 
laboratory for aeronautical and engine investigations. The site at  Fishernlen's Bend has been 
levelled and fenced and laid out to accommodate, not only the Division of Aeronautics, but the 
newly formed Division of Industrial Chemistry. Work on the site commenced in August, 1939, 
and t l~ree buildings were ready for occupation in April, 1940, namely, the administrative block, 
a workshop block of seven bays, and a power station. The wind tunnel building is under 
construction, while two engine test houses remain to be built. 

The administrative block faces the frontage on Lorimer-street, and has been designed 
as a central feature with one wing. The symmetry of the building will be completed when the 
other wing is built to house the Division of Industrial Cben~istry. Behind the administrative 
block, a road has been run down the centre of the site ; the aeronautical buildings lie to the 
west of this road and adjacent to the aerodrome. This will allow a hangar to be built and flight 
tests to be carried out when such tests are needed, The land to the east of this road is available 
for the buildings of the Division of Industrial Chemistry. A narrow strip along the eastern 
boundary fence can be used for building a towing tank of length up to 1,000 feet, for tests of 1 seaplane or ship models ; if the ship-building industry in Australia expands, a need for such a 
tank may arise. In order to use economically such facilities as can be made common to both 
aeronautics and chemistry, library and clerical offices are to be shared, and expensive equipment 
such as mechanical testing machines, metallurgical equipment, and maclline tools, will be operated 
for the joint benefit of both Divisions. 

The establishment of the laboratory has been undertaken in order to assist in the 
development of an aircraft manufacturing industry in Australia. The building of an aeroplane 
is a com-j$ex engineering problem, and the rapid advances made in aeronautics have not allowed 
time for aeroplane designs to be stabilized, or for sufficient theoretical knowledge to be accumulated 
for the solution of many design problems. Extensive experimental facilities are therefore needed, 
and the energies of the small staff which has beer1 collected have, up to now, been almost wholly 
directed to designing or procuring this equipment. Unfortunately the outbreak of war has 
seriously interfered with the delivery of the larger specialized plant. i\Ilachine tools for the 
workshops had been ordered well in advance, with the result that the shops are well equipped 
and are engaged in making apparatus and small items of equipment for laboratory use. 

The work of tthe laboratory is divided under the four headings of aerodynamics, structures 
and materials, engines and fuels, and instruments ; sections have been formed to deal with each 
type of problem. 

2. Aerodynamics Section.-An officer experienced in aerodynamic research was appointed 
in England and arrived in AIelbourne in July, 1939. With an assistant, he has been engaged 
on the design of the wind tunnel and other equipment for aerodynamic research ; this class of 
equipment is too specialized to be obtained commercially, and must be specially designed and 
manufactured. 

The design of the wind tunnel, aerodynamic balance, and associated instruments and 
equipment is now complete. Before placing any orders, a one-eighth scale model of the mind 
tunnel was constructed a t  the Engineering School of the University of Melbourne, and tests 
made to check the design. The aerodynamic efficiency obtained in these tests exceeded 
expectations, and showed that the design compared very favorably with those in other countries. 
Construction of the equipment is proceeding. The largest item, tho welded steel shell of the 
wind tunnel, is being manufactured at  an engineering works in Melbourne. Though this steel sheil 
is very large, having overall dimensions of 105 feet long by 44 feet wide with a maximum cross 
section 14 feet high by 18 feet wide, very close manufacturing tolerances were specified and are 
actually being improved on by the manufacturer. The airscrew and 550 h.p. electric driving 
motor and control gear are being constructed in England. Delivery of these items will almost 
certainly be delayed. The aerodynamic balance to measure the forces and moments on the 
model subjected to the airstream in the tunnel is also being made by an engineering firm in 
Melbourne to the design of the staff of the Aerodynamics Section. Rome of the specially designed 
manometers and pressure recorders for use in the operation of the tunnel are being constructed by 
the workshops of the Department of Natural Philosophy a t  Melbourne University. 

In order to assist in the design of high speed military aircraft in Australia, experiments 
are being made on a ncw method of obtaining high air speeds with low turbulence in a wind 
tunnel of the type under construction. This method should enable speeds of about twice the 
normal tunnel speed, i.e., of about 400 m.p.h., to be obtained. 
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Since the experimental equipment will not be available for some time, Professor Burstall 
has very kindly placed a t  the disposal of the Council the wind tunnel belonging to the School 
of Engineering a t  Melbourne University. While this tunnel is smaller and of very much lower 
speed than that being built, i t  has enabled investigations of certain aerodynamic problems of 
immediate importance for the defence of Australia to be begun. 

3. Structures and Materials Section.-(i) Gelzera1.-The Officer-in-Charge of this Section, 
who commenced duty in September, has had considerable experience in aeroplane structural 
design in both England and Australia. After careful consideration of the testing equipment 
already available in Nelbourne, and of the problems likely to require testing facilities, orders 
u7ere placed early in October for two Universal testing machines, one of 60,000 Ib. capacity, 
and one of 6,000 Ib. capacity. As each machine  ha^ a dual range, this provides the equivalent 
of four machines of varying capacity. In addition, an impact testing machine, a hardness testing 
machine, and two rotating fatigue testing machines were ordered. All these have been received 
and installed with the exception of the large machine which is now expected from America. 
Additional equipment, including a small impact testing machine for wood specimens, is being 
made in the laboratory workshops. 

In order to deal with the metallic materials used in aircraft construction, a metallurgist 
has been appointed to the Section, and commenced duty in March of this year. While awaiting 
delivery of the necessary equipment for his work, arrangements have been made for this officer 
to use the equipment available in the Department of 3Zetallurgy of the University of Afelbourne. 

(ii) Wood in Aircraft Construction.-From the commencement of its activities, the Division 
has been co-operating with the Division of Forest Products in general investigations regarding 
the suitability of Australian timbers for aircraft construction. The inlportarice of this work 
cannot be over-estimated a t  the present time, as the principal material used in modern aorop1:ine 
construction, aluminium alloy, is not produced in this country. Wood offers many possibilities 
for aeroplane construction, and can be used as solid timber, plywood, improved (i.e., laminated 
and compressed) wood, or as an adjunct to plastic materials. For the present, only the simpler 
uses as solid timber and plywood are being investigated. Even this simplified programme is 
complicated by the fact that a t  present no rational theory of the design of wood spars has been 
formulated, and present design methods involve empirical factors on which there is no unanimous 
agreement. The investigation has therefore been divided into two parts (a) the determination 
of the basic properties of selected timbers (tliis portion of the work is the concern of the Division 
of Forest Products) ; and (b) the formulation of a rational theory of design and the necessary 
experimental work to develop the theory. The work under both headings 'is well advanced, and 
the results, when available, will be immediately applicable in many aircraft production schemes. 
The work under (a) has also enabled provisional specifications to be drafted for three aircraft 
timbers. 

(iii) Materials Survey.--In November, 1939, a survey of local sources of materials likely 
to be of use in aircraft construction was commenced, and a questionnaire was prepared for 
circulatiorl round the metals industry. The issue of the questionnaire and the preliminary analysis 
of the returns was performed by a section of the Department of Supply and Development. The 
results of the questionnaire were quite satisfactory, and the information now a t  hand is being 
passed on to that section of the Aircraft Production Commission w1iic.h is resp~nsible for ensuring 
supplies of materials for the aircraft industry. 

(iv) Standards Association.-In November, 1939, the Standards Association of Australia 
was requested by the Department of Defence Co-ordination to cndeavo~u " to produce co-ordination 
between local specifications and British Standard and D.T.1). Specifications " for aircraft 
materials. The necessity for this co-ordination is very real. In Great Britain, a very large 
number of different aircraft materials are in use, these being covered by some 300 Air illinistry 
(D.T.D.) and British Standard Specifications. It is obviously undesirable, if not impossible, 
to  manufacture tliis large range of materials in Australia, and the main object of the Standard 
Association's work has been to reduce the number of specifications in use to the very minimum 
that would satisfy the reasonable demands of the industry. This has involved a very large 
amount of labour in the examination and correlation of current specifications, and the problem 
was further complicated by the existence of certain local standards based on American practice. 

Aircraft keels were first considered. The Special Committee on Aircraft steels wa,s 
formed ; the officer-in-charge of the Structures and ;\laterials Sec,tiorl is a menibcr of it. He also 
acted as secretary of the Committee and was also a member of its Drsftirig Sub-committee. 
Several new specifications covering locally produced steels have been drafted, and a progress 
report has been prepared and published in conjunction with the Association. The same officer 
is also a member of two other Committees of the Association which wcre formed this year, namely, 
the Aircraft Materials Executive Committee and the Special Committec on Non-Ferrous bIetals 
for Aircraft. 



(v) Properties of Stc~ls.-Arising out of the work of the Special Committee on Aircraft 
Steels, the Structures and >laterials Section has undertaken two investigations into the properties 
of steels ma~iufactured in Australia. In order to reduce the number of materials required to be 
manufactured and stoc1:ed in Australia for the construction and repair of aircraft, i t  was decided 
to recommend that only one type of steel tube be used in general. The opinion of the Committee 
was that this should be a chrome-molybdenum steel tube, but as there was a large number of 
aircraft in service incorporati~;g manganese steel of the T.45 type, the repair of these structures 
raised the question of the strength of a combination of chrome-molybdenum steel tube and 
manganese steel tube welded together. An investigation involving tensile and fatigue tests and 
rnetallograpllic exanlination is now in progress to ans-cver this question, and the results should 
be available shortly. 

In the course of its deliberations the Special Committee found that certain important 
information required for the draft specifications covering locally produced steels was lacking. 
The Division undertook to obtain this information, and accordingly an extensive investigation 
into the properties cf chrome-molybdenum and of pearlitic manganese steel bars has commenced. 

I 
4. Engines and Puels Section.-In this Section, it is proposed to install apparatus for both 

complete testing and developmental work on aircraft engines. The officer-in-charge of this 
Section has, since taking up his duties in January, been principally occupied with the inquiries 
and investigations preliminary to the specification and ordering of equipment. 

For type trials on complete engines, a large dynamometer test plant, suitable for engines 
of up to 2,000 horse-power, has been ordered from a manufacturer in England. This plant, 
with its cooling equipment, instruments, and other auxiliaries, will be erected in a partially 
sound-proof test-house. In order to make tests on air-cooled engines, a cooling fan driven by a 
650 h.p. electric motor is included. This will deliver an air blast of 160 m.p.h. over the cylinders 
of the radial engine five feet in diameter. Developmental work and research investigation on 
aircraft engines are usually carried out on a single-cylinder unit. A unit of this kind suitable 
for work on the types of engines being made in Australia is to be built, and a 400 h.p. dynamometer 
plant for absorbing and measuring the power. together with the necessary instruments and 
other equipment. has been ordered in England. This plant also includes a cooling arrangement 
for air-cooled cylinders. 

It is hoped that the activities of the Section will not be confined to aircraft engines, but 
will cover the whole field of the internal combustioii engine-a field which is not within the 
scope of any existing government-owned laboratory in this country. To this end, a small 
dynamometer and test bed, suitable for testing engines of the automobile type and of powers 
up to 120 b.h.p., have been ordered. In  addition a vehicle dynamometer, on semi-permanent 
loan from the Institution of Automotive Engineers (Australia), has been installed. 

For the testing of motor spirits and Diesel engine fuels, a C.F.R. engine has been obtained 
and is being installed. This is the standard engine for determining the octane number of motor 
spirits and the cetane number of Diesel fuels. It is anticipated that this engine will be useful to 
government departments and other large purchasers of fuel in providing a check on the quality 
of petrol or Diesel oil supplied. It will also be used for research investigations on locally-produced 
fuels. Equipment is also being provided to carry out all the usual laboratory tests on motor 
spirits and lubricating oils. 

Several research projects are under consideration, but it is not likely that work on them 
can proceed until the installation of equipment is complete and a larger staff is available. These 
investigations will be mainly directed towards the improvement of fuel economy, a subject of 
particularly great importance in Australia. As one item of this nature, investigations are being 
made of a rotary valve engine which has been invented locally. It is claimed that the rotary 
valve allows a higher compression ratio to be used without detonation, and thus achieves increased 
thermal efficiency, with its attendant reduction in fuel consumption. The staff is co-operating 
with the inventor in developing the engine in a form suitable for aircraft use. A small engine 
of this type is running in the laboratory and a larger one is to  be constructed. 

At the request of the Department of Supply and Development, the laying down of test 
requirements and testing procedure for producer gas vehicles was undertaken. The test schedules 
have been considered, and testing is to be supervised by a Committee of which the officer-in-charge 
of the Section is a member. 

Advice has also been given to a number of persons concerning inventions of new types 
opengines and devices connected with the internal combustion engine. 

5. Instrunzents 19ection.-Equipment for calibrating and testing aircraft instruments has 
been ordered and some items have been installed, including a master air speed indicator calibrator 
and a stroboscopic revolution counter calibrator. Other equipment is to be made in the laboratory 
w'orkshoy h. An instrument maker has been appointed, and is receiving specialized training in 
the workshops of Australian National Airways. Before the laboratory building was completed, 
the Instrumentb Section was c&ed upon to carry out tests on an electrical tachometer which had 



been developed locally, and which it was proposed should be adopted by the Royal Australian 
Air Force. Since the laboratory and equipment were not available, i t  was necessary to borrow 
and improvise apparatus and to make use of the laboratories of the University o f  3Ielbourne. 
The instrument successfully passed the prescribed tests, and was found to be in solie ways superior 
to the imported instrument. 

No professional staff has yet been appointed to the Section, which is being supervised by 
the officer-in-charge of the Engines and Puels Section. 

6. Training of Aeronautical Engineers.---The Division has again afforded practical help to 
the University of Sydney by making available the services of Mr. ('ooinbes and Dr. Patterson 
for periods of two and three weeks respectively. This action mras taken a t  the request of the 
University authorities consequent on the delayed arrival in Australia of Professor A. V. Stephens, 
who has recently been appointed to the University Chair of Aeronautics. Dr. Woods has delivered 
a course of lectures on the internal combustion engine to engineering students a t  the University 
of Melbourne. The education of technical college students in aeronautics has also been proceeding 
under the direction of Mr. Wills a t  the Melbourne Technical College. These evening courses 
have been well attended by the drawing office staff of the Commonwealth Aircraft Corporation. 

I XII. INVESTIGATIONS IN INDUSTRIAL CHEMISTRY. 
During the year, effect was given to yet another recommendation of the former Secondary 

Industries Testing and Research Committee, viz., that a research service be established to carry 
out technical investigations of value to the secondary industries. A Division of Industrial 
Chemistry has now been formed and placed under the charge of Dr. I .  W. Wark. Before his 
appointment, Dr. Wark, who is a graduate of the Universities of Melbourne and London, was 
for many years engaged on fundamental research work in the fields of flotation and surface 
chemistry. 

The Government has made an amount of .$.50,000 available to the Council for the erection 
and equipment of a Laboratory for the new Division alongside the Aeronautical Research 
Laboratory a t  Fishermen's Bend, Melbourne. Plans for the laboratory have been completed 
and a contract for the constructional work will be let a t  an early date. 

The chief objectives of the new Division are five in number, viz., (i) to promote technical 
efficiency in industry, (ii) to stimulate new industries, (iii) to encourage the utilization of Australian 
raw materials, (iv) to encourage the replacement of imported materials by materials of Australian 
origin, and (v) to investigate the possibilities of industrial by-products. As a long-term policy, 
the Division will endeavour to play its part in bringing about a better balance than the existing 
one between Australian primary and secondary industries ; its short term-policy will be governed 
by national war needs. 

It has been decided to organize the laboratory into five main sections, each in charge of 
a senior investigator. These sections are-(i) physical chemistry, (ii) organic chemistry, 
(iii) inorganic chemistry, (iv) analytical chemistry, and (v) chemical engineering. In  other 
words, the laboratory will not be organized on a problem basis, but work on any particular 
problem will be undertaken by one or more of the above sections, each section looking into 
special aspects. Biochemical work will also be undertaken. 

After an extensive survey of many different industries, i t  has been decided to concentrate, 
in the early years, on problems relating to non-metallic minerals and their utilization, metals 
and alloys, wool and other fibres, hides and leather, and dairy produce. 

XIII. OTHER INVEST1 GATIONS. 4 

1. Lubrication and Bearings.-During the year, some work concerning lubrication and 
the constructiorl of bearings was put in hand. It is believed that the results will be of considerable 
value in connexion with tlie growth of the Australian aeroplane engine industry. The work is 
being undertaken as a co-operative research with the University of Melbourne, and is under the 
direction of Dr. P. Bowden, formerly of the Lniversity of Cambridge. The Australian programme 
provides for a continuation of Dr. Bowden's previous studies a t  Cambridge and for the training 
of a research team, consisting of a chemist, an engineer, and two physicists, in the highly specialized 
technique necessary for work in this field. 

Results obtained in the Cambridge work have an important bearing on the problems of 
lubrication and wear, particularly on the lubrication of metal under difficult conditions of high 
temperature, as, for example, in the case of piston rings adbear ings  of a modern high speed 
engine. They also provide a valuable guide i11 the selection of correct bearing metals for use 
under different practical conditions and the prevention of corrosion, scoring, and seizure of 
bearings. Determinations are also being made on the wear of engines operating on different 
designs of producer gas equipment. Not only will these investigations be of value in the 



development of high speed engines, but, in the event of a shortage of lubricating oils, they will 
enable substitutes to be rapidly tested and their suitability for various applications to  be readily 
determined. 

2 .  Commonwealth Prickly Pear Board.-In the first main section of this report, it was 
mentioned that during the year under review the Commonwealth Prickly Pear Board had been 
disbanded after a very successful period of operation. The measures taken to follow up different 
aspects of prickly pear control were also outlined. 

3. Radio Research Board.-The work of this Board has continued as in previous years 
with the co-operation of the Postmaster-General's Department and of the Universities of Melbourne 
and Sydney. 

I 

Early in the year it became evident that the Board would have to modify its research 1 programme considerably owing to the outbreak of war, which called for the concentration of all 
1 possible effort on problems related more directly to Australia's defence requirements. With 

that end in view, some of the Board's staff have answered the call for physicists for other work. 
In consequence, in conriexion with the Sydney work, experiments designed to investigate some of 
the complexing features of the ionosphere and its variations have been held in abeyance pending 
a return to more normal world conditions. Nevertheless, it has been possible to maintain the 
long-term series of observations of the equivalent-height and echo intensity of the reflective 
layers. For this purpose, the relevant transmitters and receivers have been re-designed, re-built, 
and rack-mounted, thus providing permanent, compact, and reliable units which can be operated 
with relatively little attention. Further examination has been made of the connexion between 
conditions in the ionosphere and meteorological conditions a t  the ground. This work has been 
extended to include the correlation of both these phenomena with terrestrial magnetic disturbances. 
A definite interdependence has been found. 

I 
The Sydney work continues to  be greatly aseisted by the co-operation of several allied 

investigators working in the University of Sydney, the Sydney Technical College, and the Solar 
Observatory, Mount Stromlo. 

In Illelbourne, following on the completion of the work on the reflection of atmospherics 
in the ionosphere, attention is being given to ultra high frequency work. The new programme 
has involved an investigation, using two distinct methods, of the refractive indices of various 
gases in the atmosphere for wave-lengths in the region of 2&-5 metres. 

4. Mineragraphic Investigations.-During the year, 22 investigations have been carried 
out into the mineral associations of the valuable minerals in ores, mill products, and residues 
submitted by mining companies and institutions. Each of these investigations was complete 
in itself, and directed to some ~pecific problem, such as the mode of occurrence of gold in an ore, 
concentrate, or tailing, particularly in relation to gold losses during treatment ; or to the association 
of metal-bearing minerals in an ore body or mill product. Nine of these investigations have 
determined the mineral association of ores which have been subjected to the ore dressing test 
referred to in the section (5) that follows. 

One of the most interesting investigations concerned unusual coated gold from the New 
Cobar Mine, Cobar, New South Wales. This appeared in a table concentrate containing abundant 
pyrite and arsenopyrite, together with some galena, a little chalcopyrite, pyrrhotite, zinc blende, 
native bismuth, and gold. Though the concentrate contained 129 oz. of gold and 52 oz. of 
silver per ton, no free gold was to be observed on panning. Instead, a black product appeared 
a t  the head of the pan which proved on examination to be largely free gold coated with native 
bismuth or lead and bismuth sulphides or silver cxhloritle. 

A comprehensive examination was made of four mill products from the North Broken 
Hill Mine with the view to the determina'tion of the variation of the valuable lead, zinc, and 
silver minerals, 3 different sizings of each product. By assuming that the grains in each sizing 
are of equal dimensbns and by counting the different types of grains along equally spaced traverses 
across a polished section, a quantitative expression of the minerals was presented which reflected 
the variations in the lead, zinc, and silver assay values of each sizing of three products. A measure 
of the relative importance of free and composite grains in all sizings was thus obtained giving 
direct evidence of the effectiveness of the grinding units. Another problem concerned the 
identification of the lead minerals in a flotation concentrate from the Moorllight lease, Wiluna, 
assaying 0.66 per cent. lead. As lead minerals are heavy, a superpanner concentrate was prepared 
in order to increase the amounts of the lead minerals in the microscopical preparations. In this 
way two lead minerals were found, one being a lead sulpl.lantimonide, jamesonite, and the other 
a copper lead sulphantimonide which may have been bournonite or a copper bearing jamesonite. 
A microscopical examination has also b&g completed of the copper ores of the Mount Oxide 
mine, Queensland. Chalcocite is the chief .copper mineral below the oxidized zone and is largely 
a secondary replacement of primary pyrite. Primary copper sulphides are practically absent. 



These mineragraphic investigations have been facilitated by contributions from a number 
of mining companies through the Australasian Institute of Mining and Metallurgy. The University 
of Melbourne has also assisted by granting the investigators laboratory accommodation in the 
Geology School. 

5. Ore-dressilzg Investigations.-These co-operative investigations have been carried out in 
the laboratories of the Kalgoorlie School of Mines, the South Australian School of Mines and 
Industries, and t'he Metallurgy School of the TJniversity of Melbourne. With the sustained high 
price of gold the demand for investigations into the treatment of ores and metallurgical products 
continues and, judging from the comments received from those for whom work has been done, 
the investigations have played no small part in increasing the gold production of Australia. 
With modern technique quite a few mines, formerly closed down on account of ore-treatment 
diaculties, can now be profitably worked. 

In Kalgoorlie, some 25 reports discussing work on different gold ores were issued. In 
Adelaide, as in previous years, examinations were made of ores and mineral products from other 
parts of Australia as well as from South Australia. The war has caused considerable interest 
in minerals such as fluorite, wolfram and scheelite, which are needed in the manufacture of 
munitions. In consequence, some investigations in t,hese fields have been undertaken. 

At the Melbourne Laboratory, there has been the customary large demand for routine 
work on gold projects. In  addition, base metal ores of special importance in present-day war 
conditions have received attention. An investigation of note was carried out on ore from the 
All Nations Gold Mine, Bingara, New South Wales, in which a detailed investigation of the results 
of cyanidation and flotation versus flotation and cyanidation was made. Extensive work was 
also carried out on cupriferous gold ore from Kelsey Creek, North Qneensland. Ore from a 
chromite deposit a t  Marlborough (Queensland) was studied with the object of producing a 
high-grade concentrate suitable for use in the steel industry. The ore is a difficult one to treat, 
but work is proceeding as Ailstralia does not produce any high-grade chromite deposits and 
uses quite a considerable tonnage in her tanning industry alone. Scheelite bearing products 
from Barraba (New South Wales) received some attention and were found to be readily treatable 
by flotation. It is expected that the work will result in a flotation plant being installed at the 
mine. 

6. Standards Association, of Australia*.-The record of the Association's work during the 
past year is a notable one, not by reason of comparison with work done in previous years so 
much as by the contribution made to Australia's war effort. The anticipations of the Council 
of the Association during the preceding year have been realized, and the Association has been 
called upon to undertake a considerable programme of work of the utmost importance to the 
production of munitions of all kinds. Of especial value has been the preparation of standard 
specifications for aircraft materials and components, based upon the specifications used by the 
British Air Ministry, but providing a simplified range of materials for Australian manufacture 
and, when such has been found to be necessary, modifying some of the requirements of the 
specifications to conform to Australian conditions as to raw materials and methods of production. 

In addition to aircraft materials, such products as heavy textiles, ropes and cordages, and 
bolts suitable for automotive ecluipment have been dealt with. Accessory needs have also been 
met, such as the provision of specifications for suitable magazines for the storage of explosives. 
The need for conserving liquid fuel resources by the application of producer gas to automobiles 
has led to co-operative work with the Department of Supply and Development for the issue of 
specifications for gas producers and charcoal. The facilities available to the Association have 
been placed a t  the disposal of those responsible for developing Australian self-sufficiency, and 
have been utilized for the investigation of various technical matters concerning new fields of 
Australian manufacture. 

The heavy burden imposed on the Association by these urgent tasks h8s created difficulties 
which have been a~cent~uated by two factors. The first of these has been the seconding of the 
Chief Executive Officer for special duty with the National Standards Laboratory, and the request 
to the Association to release two experienced technical officers for duty with the Aircraft Production 
Commission. The second factor has been the inability of the Commonwealth Government to 
agree to make a supplementary grant to the Association to meet the financial commitments 
arising from the s~ecial  war work undertaken. It has, therefore, only been possible to make 
a limited number of staff appointments to replace the officers who have been transferred, and 
the work of the Association current a t  the outbreak of war has of necessity had to be drastically 
curtailed. Some of this work is of the utmost importance in war-time in order to maintain general 
industrial efficiency, and as far as the restrictions in staff qnd finance permit such work is being 
-- - 

* This Assoc~ation is an independent body whlch is Ananriallv supported by ct~ntrib~~tions from Ooveruments and industr~es. The Council for Scie~itiflo and 
Industrial Research acts as the '!ai~on body between the Associatlon and Its main cc)ntrIbutor-the C~in~monwenlth Government. 



proceeded with. The problem of securing adequate financial support for work that is essential 
to the prosecution of munition manufacture in Australia will, however, have to be met in the 
coming year. 

7.  Biometrical Section.-The chief functions of the statistical staff are, first, to advise in 
the planning of experimental work, so that it can be designed to give the greatest efficiency and 
to supply an unbiased estimate of the experimental errors involved ; secondly, to provide 
satisfactory means of reducing data to summary form ; and, thirdly, to test the significance of 
experimental results, and thus safeguard the experimenter against drawing hasty conclusions 
that could be disproved if more data were available. 

In  the Division of Plant Industry, attention has been given to experiments on the control 
of hoary cress, St. John's wort, skeleton weed, water reed, and galvanized burr ; investigations 
on the treatment and control of pastures have also been considered statistically, both from the 
point of view of design, and in the analysis of subsequent results. A report has been prepared 
on the statistical analyses of yellow dwarf counts in tobacco areas grown for experimental purposes 
by the Victorian Department of Agriculture. These analyses provide some indication of the 
incidence and spread of the disease. Other matters considered include the effect of Ophiobolus 

/ graminis on the development of wheat plants, effects of different treatments on needle fusion of 
pines, the relation of potato yield to seasonal rainfall, the influence of certain virus diseases on 
the form of potato tubers, and the planning and analysis of flax fibre variety experiments. 

Arrangements have been made for the data of the Griffith horticultural survey to be 
statistically analysed a t  Canberra. The data will be transferred to Hollerith cards and the 
necessary sortings and tabulations %-ill be made by the Bureau of Census and Statistics. From 
the tabulations there will be determined the distributions and mean ratings of health, size, and 
yield of crops grown on different soils and slopes and subjected to different manurial and cultural 
treatments. The effects of the 1939 flood will be given particular consideration. It is anticipated 
that the analysis will establish the differences in resistance of various crops in this area to 
waterlogging conditions, and the differences between soils in the damage done to trees under such 
conditions. 

Statistical treatment has also been given to researches into the conditions governing 
grasshopper populations, subterranean clover mites, and trials of various repelling and attracting 
substances in their effect on blow-fly strike of sheep. Other work has concerned rabbit 
myxomatosis, mastitis, and parasitism in sheep. Finally, additions have been made to the staff 
of the Section in order to cope with the large volume of extra work involved in the working of 
two shifts by the Division of Forest Products in order to expedite its studies on the use of Australian 
timbers for aircraft. 

XIV. INFORMATION SECTION. 

1.  General.-The funotions of this Section, which were given in full in a previous report, 
are, briefly, the preparation of summaries of information for use by the Council or by outside 
industries ; the dissemination of information through trade organizations ; the preparation of 
articles explaining the objects and results of researches; the preparation of press statements ; 
the editing and distribution of the Councils' publications ; the preparation and collection of exhibits 
demonstrating the work of the Council ; the provision of secretarial services to Committees of the 
Council ; and the maintenance of the special records necessary for its particular purposes. 

In the older more highly industrialized countries of Europe and America, information 
services, both governmentaI and private, have been the order of the day for some decades. 
Advice has lately reached Australia that yet another country-Italy-has now set up a National 
Centre for Technical Documentation as a branch of the Italian National Research Council (I1 
Consiglio Nazionale delle Ricerche) and the first of its functions is "to supply researchers, 
manufacturers, and any one requiring i t  with documentary material in the fields of engineering 
and industry ". Banks in the United States of America have developed yet another variety 
of information service ; it, is designed to advise manufacturers as to the whereabouts of the 

r product, material, machine, or process best suited to the complex needs of present-day production. 
2. Stavff.-The staff of the Section was increased during the year, and now consists of six 

people with training mainly on the chemical and physics sides ; in addition, there is the former 
library staff of three, one of whom is a graduate on the botanical side. 

3. Requests for Ififormation.-During the yeir under review, the Section received such a ' volume of requests for technical infomatmion on the part of industry that it has been forced to 
concentrate on meeting this demand a t  the expense of the development of some of its other 
functions. This want on the part of industry was intensified with the outbreak of war and the 

I 
consequent upset of supplies. Thus some manufacturers want to know how to produce materials 



they can no longer import, others wish to know whether there are any Australian substitutes 
for materials they formerly brought into the country, and others again desire to have technical 
info~.mation concerning the establishment of an entirely new Australian production. At times much 
of this information is available from a study of the technical literature ; a t  other times much of 
it is known to Universities and other authorities who have a t  all times been most generous with 
their assistance. 

The services of the Section have not been confined to private industry ; a considerable 
demand has come from Government Departments and other governmental and semi-governmental 
organizations. The Department of Supply and Development, for instance, is continually asking 
the Section for technical information in connexion with its work relating t o  the allocation of 
existing supplies of chemicals and to the local production of additional supplies. 

During the year some 950 inquiries were dealt with ; an idea of their variety will be 
obtained from the following selection from them :- 

(a) Primary Industries.-Liquorice, olives, sunflowers, Turkey rhubarb, pyrethrum, 
wattles (for wattle bark), carob trees, foxgloves (for digitalis), tung tree, 
ginger, marine fibre, grass-tree resin, ramie, wool scouring, soya beans, water 
purification, starlings, sericulture, algae in water, apple drying, and pineapple 
products. 

(b)  Manufactures.-Rennet, activated carbon, chrome magnesite bricks, luminous 
paints, chamois and glove leather, carbon electrodes, potato st'arch, iron oxide 
pigments, glycerine, citric acid, charcoal briquettes, egg albumen, abrasives, 
hydrogen peroxide, dextrose, rolled gold wire, synthetic camphor, vanillin, 
carbon black, gluten, mica condensers, thymol from eucalyptus oil, photo-electric 
cells, clllorates, hexachlorethane, furfural, dipicrylamine, acetone, glycol, cetyl 
alcohol, sodium ethoxide, carbon bisulphide, water resistant glues, lead coating 
steel, tinning cast iron, spark plug insulation, reclaimed rubber, substitutes 
for tinplate. 

(c) Industrial Minerab and Chemicals.-Talc, osmiridium, tungsten ores, mica, 
tellurium, asbestos, tantalite, aluminium and iron phosphates, vermiculite. 
rutile, strontium and lithium salts, soda lime, potassium sulphate, metallic 
powders, Bayer process for alumina, anhydrous sodium sulphide, aluminium 
ore, magnesium trisilicate, sodium silicate, and hafniluln. 

(d) Miscellaneous.-Prevention of rancidity in fats, drying by infra-red radiation, 
reclaiming lubricating oil, dustproofing concrete floors, waterproofing canvas, 
leather, paper, green efflorescence of bricks, preservation of hessian, jute 
substitutes, micro-analytical methods for silver, wood distillation, carpet 
beetles, evaporation of water from dams, and dugong oil. 

4. Library.-The Council's library taken as a whole is perhaps one of the most extensive 
scientific libraries in the Commonwealth. That portion of i t  maintained a t  the Council's Head 
Office serves as the main working tool of the Information Section and specializes particularly 
in the subjects of chemical technology, metallurgy, textiles, and other matters pertaining to the 
secondary industries. As in most libraries designed entirely for the technical and scientific 
reader, far more importance is placed on the collection of journals, periodicals, and occasional 

I publications of research laboratories and Government Departments than on text books. Special 
attention is also given to the collection of indexing journals and bibliographies so that references 
on any matter that arises may be rapidly obtained. Ilnring the year, the resonrces of the library 

1 were considerably augmented by the addition of a number of periodicals, many of which were 
I not previorrsly available in Australia. The preparation of a catalogue of the technical journals 
I held in the various private libraries of the Commonwealth was also undertaken. The various 

manufacturers owning these libraries afforded most helpful co-operation in this matter and freely 
gave details of their journals. The catalogue is maintained in card form a t  the Council's Head 
Office and is proving a useful adjunct to the Catalogue of Scientific Periodicals in the Public 
Libraries of Australia which was publislled some pears ago, in indici~ting the whereabouts of any 

1 particular journal desired for consultation. 
I 

5 .  Photographic Copying.-The Section is experiencing an ever-growing demand for 
photographic copies of journal articles. Such copies are of particular value to technologists 
in a country like Australia where workers are often isolated and where access to some of the 
journals they desire to see is often difficult if not impossible. University and other investigators 
located in the less populous States are making a considerable use of these copies. 
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XV. FINANCIAL U T T E R S ,  STAFF, AND PUBLICATIONS. 

1. 3inance.-The statement of expenditure from 1st July, 1939, to 30th June, 1940, 
is as follows :- 

£ . £ £ 
(1) Salaries and contingencies . . . . . . . . . . . . 24,681* 
(2 )  Remuneration of Chairman and Members of Council . . . . . . 2,3795- 
(3) Investigations- 

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

preputial disease, caseous lymphadenitis, 
entero-toxaemia, pregnancy disease and 
equine navel ill (at Animal Health 
Laboratory, Parkville, Victoria) 

(b)  Mastitis (Victoria) 
Less contribution from Australian 

Cattle Research Association and 
part Berwick Farm Revenue . . 4,471 

. . 
(c) Rabbit myxomatosis (at Animal Health 

Laboratory, Parkville, Victoria, and 
Wardang Island, South Australia) . . 

(d) Tick and tick fevers, pleuro-pneumonia, &c., 
(at Animal Health Laboratory, Parkville, 
Victoria, and Field Stations a t  Tooradin, 
Koo-Wee-Rup, Victoria, and Helenslee, 
Queensland) . . . . . . . . 5,943 

Less contributions from Queensland 
Government, part proceeds from 
sale of vaccine, and C.P.P. Revenue 
Fund . . . . . . . . 2,129 

3,814 
(e) Haematuria (Victoria and South Australia). . . . 278 
(f) Toxaemic jaundice (at Animal Health 

Laboratory, Parkville, Victoria, and Field 
Station, Barooga, New South Wales) . . 
Less contributions from Toxaemio 

Jaundice Revenue Fund, Australian 
Wool Board and Australian Meat 
Board . . . . . . 1,262 - 100 

( g )  Parasitology (at McMaster Laboratory, 
University of Sydney) .. . . 10,573 

Less contributions from George Aitken 
Pastoral Research Trust, University 
of Sydney, and Australian Wool 
Board. . . . . . . . 1,685 

8,888 
(h) Bacteriology (at McMaster Laboratory, 

University of Sydney) . . . . 2,267 
Less contributions from University of 

Sydney, George Aitken Pastoral 
Research Trust, and Australian 
Wool Board . . . . . . 570 

(i) Biochemical problems (at McMaster 
Laboratory, University of Sydney) . . 1,604 

Less contributions from Australian VITool 
Board. . . . 

I 
. . . . 840 

The main items of expenditure under this heading are salaries of the Administrative staff at the Council's Head Office ; staff and upkeep of State Committees 
part d a r y  of repreaentative at Australia House - travelling expenaes of Head Office staff, member8 of the ~auncil,&r.and~r~tin~andg~neraloffi~~ex~endit~~B'. 

t Provided from Consolidated Revenue Fund. 

b 

- 



(3) Investigations-canti~tued. 
(i) Animal Problems-conti~ued. 

( j )  Parasitology and genetics (at F. D. McMaster 
Field Station, St. Mary's, New South Wales 

Less contributions from Australian Wool 
Board, University of Sydney, and 
Infertility Revenue Pund . . 

(k) External parasites (at McMaster Laboratory, 
University of Sydney) . . . . 

Less contributions from Australian Wool 
Board. . . . . . 

I 
(E) Wool research (at McMaster Laboratory, 

University of Sydney) . . . . 
(m) Wool biology (at McMaster Laboratory, 

University of Sydney) . . . . 
Less contributions from Australian Wool 

Board. . . . . . . 

(12) National Field Station " Gilruth Plains ", 
Cunnamulla, Queensland . . . . 

Less contributions by Australian Wool 
Board, Commonwealth Bank, 
George Aitken Pastoral Research 
Trust, and Station Revenue Account 

(0 )  Entero-toxaemia (braxy-like disease), Moora 
(Gingin) disease, ataxia in lambs, kc. 
(Western Australia) . . . . . . 

(p) Biochemical and Agrostological Studies (at 
Animal Nutrition Laboratory, Adelaide, 
and Field Stations, Robe, South Australia, 
and Wambanumba, New South Wales). . 

Less contributions from George Aitken 
Pastoral Research Trust and 
Nutrition Revenue Account . . 

(q )  Feeding Experiments (at Waite Agricultural 
Research Institute, Glen Osmond, South 
Australia) . . . . . . . . 

Less contributions from George Aitken 
Pastoral Research Trust . . 

(r) E'ield Experiments on Mineral Supplements 
(at Field Stations, Wambanumba, New 
South Wales ; Penola, South Australia ; 
and Robe, South Australia) . . . . 

Less contributions from George Aitken 
Pastoral Research Trust . . 

(s) Drought feeding (at Animal Nutrition 
Laboratory, Adelaide) . . . . 

Less contributions from Australian Wool 
Board . . . . . . . . 

( t )  Nutrition and Wool Production (at Animal 
Nutrition Laboratory, Adelaide) . . 

Less contributions from Australian Wool 
Board. . , . . . . . 



(3) Investigations-wntinued. 
(i) Animal Problems-continued. 

(u) Suspense account . . . . . . 
(v) Central Office . . . . . . . . 

Less contributions from Commonwealth 
Bank (Rural Credits Development 
Fund). . . . . . . . 

(ii) Plant Problems-Division of Plant Industry- 
(a) Central Laboratory- 

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

(b) Experimental plots . . . . . . 
(c) Plant pathology . . . . . . 
(d) Plant genetics . . . . . . . . 
( e )  Herbarium . . . . . . . . 
(f) Fibre investigations . . . . . . 
(g) Experimental Farm, Duntroon . . . . 
(h)  Plant introduction . . . . . . 
(4) Apple rootstocks, Stanthorpe, Queensland . . 
i3) A~iostology . . - 

. . . . . . 
Less contributions from Australian Wool 

Board. . . . W . . 
(k) Fruit problems . . . . . . . . 

Less contributions from Victorian Central 
Citrus Association . . . . 

( I )  Tobacco investigations . . . . . . 
Less contributions from Tobacco Trust 

Fund . . . . . . . . 

(m) Water weeds and hoary cress, Victoria . . 
Less contributions from New South 

Wales Conservation and Irrigation 
Commission, and Victorian State 
Rivers and Water Supply Com- 
mission . . . . . . 

(n) Suspense account . . . . . . 

(iii) Entomological Problems-Division of Economic 
Entomology-- 

(a) Central 1,aboratory- 
Annual . . . . . . . . 
Capital . . . . . . . . 

(b) Agricultural entomology and museum . . 
(c) Agricultural entomology (orchard and fruit 

pests) . . . . . . . . 
(d) Agricultural entomology (grasshopper 

investigations) . . . . . . 
(e) Agricultural entomology (red-legged earth 

mite) . . . . . . . . 
(f) Forest entomology . . . . . . 
(g) Eouious ivceds . . . . . . 
(11) Insecticide investigations . . . . 

. (i) Wheat infestation . . . . . . 



(3) Investigations-continud. 
(iii) Entomological Problems-Division of Economic 

Entomology-continued, 
(j) Veterinary entomology . . . . 

Less contributions from George Aitken 
Pastoral Research Trust, Aus- 
tralian Wool Board, and Economic 
Entomology Revenue Account . . 

(k) Oriental peach moth . . . . . . 
Less contributions from Department of 

Agriculture, Victoria . . . . 

(1) Constant temperature chambers . . 
Less contributions from Sir MacPherson 

Robertson . . . . . . 
(m) Cotton investigations . . . . . . 

Less contributions from Ministry of 
Agriculture, Egypt . . . . 

(n) Suspense Account . . . . . . 
(iv) Horticultural Problem of the Irrigation Settle- 

ment,~- 
Citricultural- 

(a) Research Station, Griffith- 
Salaries and incidentals . . . . 
Capital . . . . . . . . 

Less funds provided from Station 
Revenue . . . . . . 

Less contributions by New South 
Wales Water Conservation and 
Irrigation Commission . . 

Viticultural- 
(b)  Research Staticbn, Merbein- 

Salaries and incidentais . . . . 
Capita: , . . . . . . . 

Less funds provided from Station 
Revenue . . . . . . 

Less contributions by Dried Fruits 
Control Board and Nyah- 
Woorinen Dried Fruits Enquiry 
Committee . . . . . . 

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

Less contributions by Irymple Packing 
Pty. Ltd., Mildura Co-op. Fruit 
Co., Red Cliffs Co-op. Fruit Co. 
Ltd., and Aurora Packing Pty. 
Ltd. . . . . . . 



(v) Soil Problems- 
(a)  Investigations a t  Waite Agricultural Research 

Institute, Glen Osmond, South Australia- 
Annual . . . . . . . . 10,895 
Capital . . . . . . . . 162 

11,057 
Less contributions from Commonwealth 

Bank (Rural Credits Development 
Fund). . . . . . . . 2,500 

8,557 

i 
(vi) Food Preservation and Transport- 

(a )  Central Laboratory, Homebush, New South 
Wales- 

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

( 6 )  Meat investigations, Homebush, New South 
Wales . . . . . . . . 

Less contributions by Australian Meat 
Board and Metropolitan Meat 
Industry Commissioner, New South 
Wales . . . . .-. 

(c) Fish investigations, Homebush, New South 
Wales . . . . . . . . 

(d)  Non-tropical fruits, Homebush, New South 
Wales . . . . . . . . 

Less contributions from New South 
Wales Department of Agriculture 

(e)  Physics and Transport, Homebush, New South 
Wales . . . . . . . . 

(f) Citrus preservation . . . . . . 
(9)  Meat investigations, Brisbane Abattoir . . 

Less contributions by Queensland Meat 
Industry Board . . . . 

(h) Egg investigations . . . . . . 
Less contributions from Egg Producers7 

Council . . . . . . 

(i) Non-tropical fruits, Melbourne . . . . 
( j )  Fruit juice investigations, Homebush, New 

South Wales . . . . . . 
Less contributions from various con- 

tributors . . . . . . 
(k) Adviser on Food Preservation . . . . 
(1) Suspense Account . . . . . . 

Less contributions from Commonwealth 
Bank (Rural Credits Development 
Fund). . . . . . . . 



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

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

(b) Seasorling . . . . . . . . 
(c) Preservation . . . . . . . . 
(d) Chemistry . . . . . . . . 

Less nontributiorls from Australian Paper 
Jllanufacturers Limited, _lssociated 
Pulp and Paper 3lills I,td.. and 
Australian Newsprint Mills Bty. Ltd. 

(e) Creosote investi,rations . . . . . . 
Less cont~ihutions from Tar l)istillery 

Ind iistrp . . . . . . 

(f) Plant for Veneer laboratory . . 
Less contri1,utions by BIr. Rushell 

Grill ~~t-aiit: . . . . . . 

(9) Aircraft timber investigations . . . . 
Less various contributions . . . . 

(h) Preservation of railway sleepers . . . . 
Less contribution by South Australia11 

Railways . . . . . . 

(i) Wood structure . . . . . . 
Less contributions from Bureau of 

Porestfry, Canberra, and Queensland, 
New South Wales, Victorian and 
Western Australian Forests Services 

( j )  Mechanics . . . . 
( i s )  Utilization . . . . 
(8) Physics . . . . 
(m) Fibres. . . . . . 
( n )  Statistics and computing 
(0) Holocellulose investigations 
( p )  Veneer and gluing . . 

Less various contributions 

(q) Suspense Account . . . . . . 

Less miscellaneous contributions . . 

Less contributions from Commonwealth 
Bank (Rural Credits Development 
Fund). . . . .. . . 

(viii) Mining and Jlet,allurgy-- 
(a) AIineragra,phic investigations . . . m 

Less contribution by Australasian 
Institute of Mining and &Tetallur~.y 



(3) Investigations-continued. 
(ix) Radio Rescarch- 

(a )  ill elhourne and Sydney Universities . . 
Less contributions by Postmaster- 

General's Departr-tlent . . . . 
(b) Advisers on radio research . . . . 

(x) Information Service including Library . . . . 
(xi) Gold Mining-- - 

(a)  Xineragraphic investigations, Melbourne 
University . . . . . . .. 

(b) Ore-dressing, Atelbourne University . . 
(c) Ore-dressing, South Australian School of Mines 
(a) Ore-dressing, Kalgoorlie School of Mines . . 
(e) -\dvisory Committee . . . . . . 

(xii) Fisheries Investigations- 
(a) Administrative- 

Annual ~. . . . . . . 
Capital . . . . . . . . 

(b) Marine biology . . . . . . 
(c) Marine bacteriology . . . . . . 
(d) Chemistry (including fish and by-product 

analyses) and hydrology . . . . 
( e )  Investigations a t  sea . . . . . . 
(f) Fish liver oils investigations . . . . 

(xiii) Apple and Pear Investigations- 
(a) Grants to States . . . . . . 
(6 )  Codling 310th . . . . . . . . 
(c) Experimental consi6nnlents of pears . . 
(d) Shipboard survey of brown-heart problem . . 

4,521 
193 
107 

Cr. 5 

Less contributions from Department of 
Cornnlerce . . . . . . . . 

(xiv) Aeronautical Research- 
(a) Administrative- 

Annual . . . . . . 3,884 
Capital . . . . . . 4,751 

(b )  Wind tunnel investig a t' ions . . . . . . 
(c) Aircraft timber inv~stigation~ . . . . . . 
(ci) Structure and materials . . . . . . . . 
(e) Engine and fuels . . . . . . . . 
(f) Aerodynamics . . . . . . . . . . 
(y) Suspense Account . . . . . "  . . 

(xv) National Standards Laboratory- 
(a) Administrative- 

Annual . . . . . . . . 1,733 
Capital . . . . .. . . 379 

-- 
(b) Physics . . . . . . . . . . 
(c) Electrical . . . . . . . . . . 
( d )  Vetnology . . . . . . . . . . 
( e )  Suspense Account . . . . . . . . 
(f) 'resting C'o-ordination . . . . . . . . 



(3) Investigations-continued. 
(xvi) Secondary Industry Research . . . . . . 
(xvii) Training of Students-Secondary Industry Research 

(xviii) Miscellaneous- 
(a) Producer Gas . . . . . . 
(b) Tomato Wilt . . . . . . 
(c) Mineral Deficiency in Pastures . . 
(d) Dairy IZesearch . . . . 
(e)  Statistical Sectlion . . . . 
(f) Co-operative Primary Industry Research 

Western Australia . . . . 
(g) Lubricants and Bearings . . 

Less contribut'ion from University 
iklelbourne . . . . 

(h )  Evaporation from Ponds . . . . 
Less contribution from Au~tralia~ii Wool 

Board. . . . . . . . 

(i) Various . . . . . . 

Total of Item 3-Investigations . . 

2. Contrzhtions.--The following statement shows the receipts and disbursements during 
the year 1939-40 of the funds provided by outside bodies and recorded in the special account 
established in 1931, entitled " The Specific Purposes Trust Account " :- 

Receipts 1939-40 
and halances Expenditure 

brought forward 1939-40 
fro111 1038-30. 

£ £ 
Commonwealth Bank (Animal Health and Nutrition, 

Horticultural, Rood Preservation and Transport, 
Prickly Pear, and Forest Products Investigations) 16,300 . . 15,500 

Commonwealth Bank (Bee Investigations) . . . . 92 . . . . 
I'ostnlaster- general'^ Department (Radio Research) . . 3,998 . . 3,724 
Gcorge Aitken Pastoral Research Trust (Animal Health 

and Animal Nutrition Investigations-Sheep 
Research) . . . . . . . . . . 2,000 . . 2,000 

New South Wales Water Conservation and Irrigation 
Conimiseion (Maintenance of Griffith Research 
Station) . . . . . . . . . . 1,500 . . 1,500 

New South Wales MTater Conserxation and Irrigation 
Commission (Cumbungi Investigations) . . . . 334 . . 257 

Victorian State Itivers and TZTater Supply Commission 
(Cunibungi Investigations) . . . . . . 349 . . 257 

Queensland Government (Animal Health Investiga- 
tioiis-Cattle Research) . . . . . . 1,000 .. 1,000 

Australian Wool Board (Animal Health and Nutrition 
Investigations-Sheep Research) . . . . 9,645 . . 9,163 

Australasian Institute of Mining and Metallurgy (Minera- 
graphic Investigations) . . . . . . 184 .. 1 84 

Dried Fruits Control Board (Dried Fruits Investigations) 1,500 . . 1,500 
Nyah-Woorinen Oried Fruits Inquiry Committee (Dried 

Fruits Investigations). . . . . . . . 60 . . 60 
Australian Dairy Council (MTood Taint in Butter In- 

vestigations) . . . . . . . . 20 . . 
Queensland Meat Industry Board (Meat Investigations) 858 . . G58 

--- 
Carried forward . . . . . . 37,830 . . 36,003 

Includes 28 on account 1938-38 expenditure. 

- 



Receipts 1939-40 
and hnla~res  

brought i rnard 
fro111 1038-38. 

£ 
37,830 Brought forward . . . . . . 

Sir MacPherson Robertson (Entomological Investiga- 
tions) . . . . . . . . . . 

Ministry of Agriculture, Egypt-Cotton Investigations 
(Entomological Investigations) . . . . 

University of Sydney (Animal Health and Nutrition 
Investigations) . . . . . . . . 

Revenue Fund-Toxaemic Jaundice Investigations 
(Animal Health and Nutrition Investigations) . . 

Revenue Fund---Mining and Metallurgy . . . . 
Revenue Fund-Contagious Pleuro-pneumonia In- 

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

Revenue Fund-Oonoonba Research Station-Sale of 
Vaccine (Animal Health and Nutrition Investiga- 
tions) . . . . . . . . . . 

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

Revenue Fund--Berwick Farm (Mastitis Investigations) 
Revenue Fund-National Field Station, " Gilruth 

Plains ". Cunnamulla, Quee~zsland (Animal Health 
and Nutrition Investigations) . . . . . . 

Revenue Fund-National Field Station, " Gilruth 
Plains ", Cunnamulla, Queensland (Animal Health 
and Nutrition Investigations) . . . . . . 

Revenue Fund-Bacteriological Investigations (Animal 
Health and Nutrition Investigations) . . . . 

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

Revenue Fund-F. D. McMaster Field Station (Animal 
Health and Nutrition Investigations) . . . . 

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

Revenue Fund--Toxaemic Jaundice Investigations, 
Barooga, New South Wales (Animal Health and 
Nutrition Investigations) . . . . . . 

Revenue Fund---Plant Industry Investigations . . 
Revenue Fund-Entomological Investigations . . 
Revenue Fund-Griffith Research Station (Citricultural 

Investigations) . . . . . . . . 
Revenue Fund- Merbein Research Station (Viticultural 

Investigations) . . . . . . . . 
Revenue Pund-Citrus Preservation Investigations . . 
Revenue Fund--Division of Pood Preservation and 

Transport . . . . . . . . . . 
Revenue Fund-Egg Investigations, Egg Producers' 

Council (Division of Pood Preservation and 
Transport) . . . . . . . . . . 

Revenue Fund- Ore-dressing Investigations. . . . 
Tobacco Trust Fund-Prime Minister's Department 

(Tobacco Investigations) . . . . . . 
New South Wales Department of Agriculture (Food 

Investigations) .=. . . . . . . 
Australian Meat Board (Meat Investigations). . . . 
Australian Meat Board (Toxaemic Jaundice Investiga- 

tions, Barooga, New South Wales) . . . . 
Metropolitan Meat Industry Commissioner of New 

South Wales (Food Investigations) . . . . 

Carried forward . . . . . . 
F.7888.-7 



Brought forward . . . . . . 
Department of Commerce (Apple and Pear Investiga- 

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

Investigations, Merbein) . . . . . . 
Irymple Packing Company (Dried Vine Fruits Investiga- 

tions, Rlerbein) . . . . . . . . 
Red Cliffs Co-operative Fruit Company (Dried Vine 

Fruits Investigations, Merbein) . . . . 
Aurora Packing Company (Dried Vine Fruits Investiga- 

tions, Merbein) . . . . . . . . 
Swallow & Ariell Limited (Dried Vine Fruits Investiga- 

tions, Merbein) . . . . . . . . 
Aden Packing Company (Dried Vine Fruits Investiga- 

tions, Merbein) . . . . . . . . 
Australian Dairy Cattle Research Association (RIastitis 

Investigations) . . . . . . . . 
Departmcrlt of Agriculture, Victoria (Oriental Peach 

Moth Investig~tions) . . . . . . . . 
Australian Paper Xanufacturers Limited (Paper Pulp 

Investigations) . . . . . . . . 
Associated pulp ahd Paper Mills Limited (Paper Pulp 

Investigations) . . . . . , . . 
Australian Newsprint blills Pty. Ltd. (Paper Pulp 

Investigations) . . . . . . . . 
Russell (:ri&wade, ' E S ~ .  (Forest Products Investigations) 
Bureau of Forcstry, Canberra, and Forest Services of 

Queensland, Victoria, New South Wales, and 
Western Australia-VCTood Structure (Forest 
Products Investigations) . . . . 

South Australian Railways (Treatment of Railway 
Sleepers) . . . . . . . . . . 

Tar Distillers Research Committee (Creosote lnvestiga- 
tions)-Division of Forest Products . . . . 

Sundry Contributors (Forest Products Investigations) 
Forests Department, Western Australia-Division of 

Forest Products-Design Data Text Book . . 
Timber Development Association of Victoria-Division 

of Forest Products . . . . . . . . 
Western Australian Sawmillers' Association (Division of 

Forest Products-Design Data Text Book) . . 
Sydney and Suburban Timber Rlerchants' Association 

(Division of Forest Products--Design Data Text 
Book) . . . . . . . . . . 

Tasmanian Timber Organization Pty. Ltd. (Division of 
Porest Products-Design Data Text Book) . . 

Institution of Engineers, Australia (Division of Forest 
Products-Design Data Text Book) . . . . 

Plywood and Veneer Board (Queensland) (Division of 
Forest Products-Design Data Test Book) . . 

Land Administration Board, Queensland (Division of 
. .  Forest Products-Design Data Text Book). 

Associated Country Sawmillers of New South Wales 
(Division of Forest Products-Design Data Text 
Book) . . . . . . . . . . 

Receipts 1030-40 
and balancea 

brought forward 
from 1938-39. 

Carried forward . . . . . . 
* Includes £6 on account of 1938-39 expenditure. 
t Includes £788 on account of 1938-39 expenditure. 



Brought forward . . . . . . 
Queensland Timber Export Association (Division of 

Forest Products-Design Data Text Book) . . 
Brisbane Timber Merchants' Association (Division of 

Forest Products-Design Data Text Rook) . . 
Queensland Timber Stabilization Board (Division of 

Forest Products-Design Data Text Book) . . 
Timber Development Association of South Australia 

(Division of Forest Products-Design Data Text 
Book) . . . . . . . . . . 

Murie & Co. Ltd. (Division of Forest Products-Design 

I Data Text ~ d o k )  . . . . . . . . 
Davie Bros., Tasmania (Division of Forest Products- 

Aircraft Timber Research) . . . . . . 
Brisbane Timber Merchants' Association (Division of 

Forest Products-Aircraft Timber Research) . . 
Britton Broe., Tasmania (Divi~ion of Forest Products- 

Aircraft Timber Research) . . . . . . 
K. D. Atkins Pty. Ltd. (Division of Porest Products- 

Aircraft Timber Research) . . . . . 
Hardy's Pty. Ltd. (Division of Forest Products-Veneer 

and Gluing Work) . . . . . . . . 
Queensland Timber Export Association (Division of 

Forest Products-Veneer and Gluing mTork) . . 
Plywood and Veneer Board, Queensland (Division of 

Forest Products-Veneer and Gluing Work) . . 
Ricketts & Thorp Ltd. (Division of Forest Products- 

Veneer and Gluing Work) . . . . . . 
G. L. Briggs & Son (Division of Porest Products- 

Veneer and Gluing Work) . . . . . . 
Veneer and Plywood Pty. Ltd. (Division of Forest 

Products-Veneer and Gluing Work) . . . . 
Plywood Manufacturing Co. Pty. Ltd. (Division of 

Forest Products-Veneer and Gluing Work) . . 
Beale & Co. Ltd. (Division of Forest Products-Veneer 

and Gluing Work) . . . . . . . . 
Brisbane Timber Merchants' Association (Division of 

Forest Products-Veneer and Gluing Work) . . 
O.T. Limited (Division of Food Preservation and Trans- 

port-Fruit Juice Investigations) . . . . 
Leeton Co-op. Cannery Ltd. (Division of Food Preserva- 

tion and Transport-Fruit Juice Investigations) . . 
Batlow Packing House Co-op. Ltd. (Division of Food 

Preservation and Transport--Fruit Juice Investiga- 
tions) . . . . . . . . . . 

Lewis Berger $ Sons Ltd. (Division of Food Preserva- 
tion and Transport-Fruit Juice Investigations) . . 

Egg Producers' Council (Division of Food Preservation 
and Transport-Egg Investigations) . . . . 

Egg Producers' Council (Watery lJTllites in Eggs) . . 
Sundry Contributors (Council for Scientific and Indus- 

trial Research Publications) . . . . . . 
Friction Research (University of Melbourne) . . 
Victorian Central Citrus Association (Citrus Problems). . 
Amalgamated Textiles (Aust.) Ltd. (Division of Indus- 

trial Chemistry) . . . . . . . . 

Receipts 1939-40 
and balallces 

brought forwwd 
from 1938-39. 

Expenditure 
1939-40. 

£ 
72,578 



3. &Staff.-The following is a list of the staff of the Council as a t  the 30th June, 1940. The 
list does not include typists, laboratory assistants, and miscellaneous workers. 

1. HEAD O ~ C E  STAFF. 
Chief Executive Officer-Sir David Rivett, K.C.M.O., M.A., D.Sc., F.A.C.I. 
Deputy Chief Executive Officer-A. E. V. Richardson, C.M.G., M.A., D.Sc. 
Secretary-G. Lightfoot, M.A. 
Assistant Secretary and Officer-in-Charge, Information Section-G. A. Cook, M.Sc. 

B.M.E., P.A.C.I. 
Assistant Secretary (Finance and Supplies)-H. P. Breen, A.I.C. A, 
Information Section- 

J. E. Cummins, B.Sc., M.S., F.A.C.I. 
P. G. Nicholls, M.Sc. 
G. H. Payne, B.Sc., A.A.C.I. 
N. C. Hancox, M.Sc., A.A.C.1, 
Miss M. E. Hamilton, B.Sc. 

Library- 
Librarian and Scientifiu Assistant-Miss E. Archer, M.Sc. 
Assistant Librarian-Miss A. L. Kent. 
Assistant Librarian-Miss B. Anderson, B.Sc. 

Accounts, Stores- 
Accountant-M. G. Grace, A.I.C.A. 
D. J. Bryant. 
R. W. Viney, A.I.C.A. 
M. A. Elliott. 
V. Leonard. 
A. Patterson, A.F.I.A. 
C. Munro. 
J. Farey. 
F. J. Whitty. 
R. Bennett. 
J. Bourne. 
C. Garrow. 
C. Cole. 
K. Gamble. 
J. Smithwick. 

Orders and Transport- 
J. M. Derum. 
L. Graham. 

Stafl- 
R. D. Elder. 

Records- 
P. Domec-Carre. 
P. Knuckey. 
R. McVilly, A.F.X.A. 
F. Butler. 
B. Gooley. 
B. Gaynor. 
M. Combe. 
M. Reynolds. 
D. Yarr. 

Head Typist- 
Bliss B. Thomas. 

Clerical Assistant to Chief Executive Officer-Miss A. Slattery, B.A. 
Clerical Assistant to Chairman-Mrs. N. E. Roberts. 
Clerical Assistant to Deputy Chief Executive Officer-Miss J. L. Thomas. 
Clerk-in-Charge, Canberra-K. J. Prowse (acting). 
Clerk, Division of Animal Health and Nutrition Head-quarters, Me1bourne-J. Foley. 
Local Clerical Officer, Sydney-H. H. MTilson. 
Architect-W. R. Perguson, B.E., A.R.A.I.A. 



I 
2. SECRETARIES OF STATE COMMITTEES. 

New South Wales- 
Mrs. N. E. Roberts, 906 Culwulla Chambers, Castlereagh-street, Sydney. 

Victoria- 
G. A. Cook, M.Sc., B.M.E., F.A.C.I., 314 Albert-street, East Melbourne. 

Queensland- 
Miss H. F. Todd, Commonwealth Offices, Anzac-square, Brisbane. 

South Australia- 
J. Ward Walters, Animal Nutrition Laboratory, University of Adelaide. 

Western Australia- 
R. P. Roberts, B.Sc., Institute of Agriculture, University of Western Australia, 

Nedlands, Western Australia. 
Tasmania- 

3'. J. Carter, c/o Premier's Office, Hobart. 

3. AUSTRALIA HOUSE, LONDON. 
Representative in Britain-F. L. McDougall, C.M.G. (part-time). 

4. DIVISION OF PLANT INDUSTRY. 
At Canberra- 

Administration- 
Chief-B. T. Dickson, B.A., Ph.D. 
Librarian (part-time)-Miss E. Mollison. 

Pathobgy- 
Senior Research Officer-H. R. Angel], O.B.E., B.Sc.Agr., M.S., Ph.D. 
Research Officer-J. G. Bald, M.Agr.Sc., Ph.D. 
Research Officer-W. V. Ludbrook, B.Agr.Sc., P12.D. 
Assistant Research Officer-N. H. White, M.Sc. 
Assistant Research OfEcer-D. 0. Norris, B.Sc.Agr. 

Genetics- 
Senior Research Officer-J. R. A. McMillan, D.Sc.Agr., M.S. 
Assistant Research Officer-F. W. Hely, B.Sc.Agr. 
Technical Officer-S. G. Gray, B.Sc.Agr. 

Pbnt Introduction- 
Senior Research Officer-A. McTaggart, B.S.A., M.S. A,, Ph.D. 
Assistant Research Officer-W. Hartley, B.A., Dip.Ed. 

Horticultural and General Botany- 
Senior Research Officer-C. Barnard, D.Sc. 

Weeds Investigations- 
Assistant Research Officer-C. G. Greenham, M.Sc. 
Assistant Research Officer-T. Wilkinson, B.Sc. 

Vegetable Fibre Investigations- 
Assistant Research Officer-J. Calvert, D.Sc., F.L.S. 

Agrostobgy- 
Senior Research Officer-J. G. Davies, B.Sc., Ph.D. 
Assistant Research Officer-R. Roe, B.Sc.Agr. 
Assistant Research Officer-B. 31. Moore, B.So.Agr. 
Assistant Research Officer-N. Shaw, B.Sc.Agr. 
Technical Officer-E. H. Kipps, B.Sc. 

Tobacco Investigatzons- 
Research Officer (pathology)-A. V. Hill, M.Agr.8~. 
Technical Officer (quality)-G. H. Marks. 
Assistant Research Officer (pathology)-K. I?. Plomley, B.Sc.Agr. 
Technical Officer (genetics)-3E. T. Bailey, B.Sc. 

At University of Sydney- 
Assistant Research Officer (chemistry and tobacco)-A. J. Tow, M.Sc. 
Technical Officer (chemistry of tobacco)-Miss H. Moore, B.Sc. 



At Waite Agricultural Research Institute- 
Technical Officer in plant physiology (tobacco)-Miss J. McPherson, B.Sc. 
Assistant in plant physiology (tobacco)-Miss M. Hogg. 

At Moss Vale, New South Waks- 
Assistant Research Officer (genetics)-K. L. Hills, B.Agr.Sc. 

At GrzJith, New South Wales- 
Assistant Research Officer (horticult~zral physiology)-Miss J. Hearman, 

B.Sc., Ph.D. 
At Queensland Agricultural High School and College, Lawes- 

Research Officer (genetics)-C. S. Christian, B.Sc.Agr., M.Sc. 
Assistant Research Officer (plant introduction)-T. B. Paltridge, B.Sc. 
Assistant Research Officer (weeds investigations)-W. M. Willoughby, B.Sc.Agr. 

At Stanthorpe, Queensland- 
Assistant Research Officer (horticultural investigations)-L. A. Thomas, M.Sc. 

At Fitzro yvale, Central Queenshnd- 
Assistant Research Officer (plant introduction)-J. I?. Miles, B.Sc.Agr. 

At University of Alelbourne- 
I Assistant Research Officer (weeds investigations)-R. W. Prunster, B.Sc. (Agric.). 

1 At University of Tasmania, Hobart- 
I Assistant Research Officer (fruit investigations)-D. Martin, B.Sc. 
I At University of Western Australia, Perth- 

Research Officer (agrosto1ogy)-A. B. Cashmore, M.Sc. 
Assistant Research Officer (agrosto1ogy)-R. C. Rossiter, B.Sc.Agr. 

I 6. DIVISION OF ECONOMIC ENTOMOLOGY. 
At Canberra- 

Administration- 
Chief-A. J. Nicholson, D.Sc. 
Librarian (half-time)-Miss E. Mollison. 

Veterinary Entomlog y- 
Principal Research Officer-I. M. Mackerras, B.Sc., M.B., Ch.M. (on military leave 

abroad). 
Assistant Research Officer (blowfly investigations)-Mrs. M. J. Mackerras, 

M.Sc., M.B. (on leave). 
Assistant Research Officer (blowfly investigations)-D. F. Waterhouse, M.Sc. 
Assistant Research Officer (biochemist)-3'. G. Lennox, M.Sc., A.I.C., A.A.C.I. 
Technical Officer-D. L. Hall, Dip.Ag. 

Forest Entornology- 
Senior Research Officer-G. F. Hill. 
Research Officer (termite investigations)-F. N. Ratcliffe, B.A. 
Assistant Research Officer (termite investigations)-]ti' J. Gay, B .Sc., D .LC. 
Technical Officer (termite investigations)-?'. Greaves. 

Insecticide Investigations- 
Assistant Research Officer-J. S. Fitzgerald, M.Sc., D.I.C., Ph.D. 

Agricultural Entomology and Museum- 
Assistant Research Officer-T. G. Campbell. 
Assistant Research Officer (locust investigations)-K. H. L. Key, M.Sc., Ph.D., 

D.I.C. 
Technical Officer (locust investigations)-D. A. C. Cameron, B.Sc.Agr. 

At Warren, New South Wales- 
Assistant Research Officer (locust investigations)--L. R. Clark, M.Sc. 

At Mooroopna, Victoria- 
Assistant Research Officer (peach moth investigations)-G. A. H. Helson, M.Bc. 

At Katanning, Western Australia- 
Assistant Research Officer (earth mite investigations)-K. R. Norris, M.Sc. 

Weeds I~vesti~qations- - 
I n  India- 

Research Officer-R. C. Mundell, B.Sc. 



Uvakde, Texas, [Jnited States of America- 
Senior Research Officer-L. F. Hitchcock, M.Sc. 
Assistant Research Officer-S. G. Kelly, M.S. (Agr.). 

woad (formerly at Le Lavandou, Prance)- 
Assistant Research Officer-F. MTilson. 

6. DIVISION OF ANIMAL HEALTH AND NUTRITION. 
Animal Health Research Laboratory, Melbourne- 
Chief-L. B. Bull, D.V.Sc. 
Divisional Secretary-A. J. Vasey, B. Agr.Sc. 
Chief Bacteriologist and Officer-in-charge-A. W. Turner, D.Sc., D.V.Sc. 
Senior Research Officer (mastitis investigations)-D. Murnane, B.V.Sc. 
Senior Research Officer (myxomatosis, bovine haematuria, caseous lymph- 

adenitis)-C. G. Dickinson, B.V.Sc. 
Senior Research Officer (pleuro-pneumonia, serological investigations)- 

A. D. Campbell, B.V.Sc. 
Research Officer (immuno-chemistry)-A. T. Dann, M.Sc., A.A.C.I. 
Assistant Research Officer (bacteriology, mastitis)-E. Munch-Petersen, M.Sc., 

Ph.B., M.I.F. 
Assistant kesearch Officer (pleuro-pneumonia, toxaemic jaundice)-A. T. Dick, 

M.Sc. 
Technical Officer-Miss C. E. Eales, B.Sc. 
Technical Officer-Miss &I. J. Monsborough, B.Sc. 
Technical Officer-E. Wold. 
Librarian-Miss B. H. Anderson, B.Sc. (part-time). 
P. D. McMaster Animal Health Laboratory, Sydney- 

Officer-in-charge-D. A. Gill, M.R.C.V.S., D.V.S.M. 
Principal Research Officer (bacteriology)-T. S. Gregory, B.V.Sc. 
Senior Research Officer (parasitology)-H. McL. Gordon, B.V.Sc. 
Senior Research Officer (biochemistry)--M. C. Franklin, M.Sc., Ph.D. (Cantab.), 

A.I.C. 
Research Officer (parasitology)-G. Kauzal, D.V.Sc. 
Research officer (bacteriology, foot-rot)-W. I, B. Beveridge, B.V.Sc. 
Research Officer (field investigations, ectoparasites)-N. P. H. Graham, B.V.Sc. 
Research OEcer (chemistry of wool)-M. R. Freney, B.Sc. 
Research Officer (wool biology)-H. B. Carter, B.V.Sc. 
Assistant Research Officer (parasitology, field studies)-I. W. Montgomery 

B.V.Sc. (on military leave). 
Assistant Research Officer (chemistry of dips)-A. R. M. Lipson, B.Sc. 
Assistant Research Officer (parasitology)-L. K. Whitten, B.V.Sc. 
Assistant Research Officer (physical testing of wool)-E. H. Mercer, B.Sc. 
Assistant Research Officer (statistics)-Miss H. Newton Turner, B.Arch. 
Technical Officer-E. Parrish. 

Animal Nutrition Laboratory, Adelaide- 
Chief Nutrition Officer and Officer-in-Charge-H. R. Marston, F.A.C.I. 
Secretary-J. Ward Walters. 
Senior Research Officer (metabolism)-E. W. L. Lines, B.Sc. 
liesearch Officer (chemistry)-R. G. Thomas, B.Sc. 
Assistant Research Officer (ruminant physiology)-R. H. Watson, B.Sc.Agr. 
Assistant Research Officer (biochemistry)-J. W. H. Lugg, D.Sc., F.I.C., A.A.C.J. 
Assistant Research Officer (biochemistry)-S. T. Evans, B.Sc., A.A.C.I. 
Assistant Research Officer (agrosto1ogy)-D. S. Riceman, B.Agr.Sc. 
Assistant Research Officer (metabolism)-H. J. Lee, B.Sc. 
Assistant Research Officer (biochemistry)-Frau Ella Plaum, D.Sc.Agric. 

(Budapest). 
Technical Officer-J. D. 0. Wilson. 
Technical Officer-F. C. Farr. 
Statistical Recorder-G. W. Bnssell. 

Waite Agricultural Research Institute, Adelaide- 
Assistant Research Officer (mineral requirements and field investigations)- 

A. W. Peirce, B.Sc., A.A.C.I. 



At F.  D. McMaster Field Station, Badgay's Creek, New South Wales- 
Principal Research Officer and Officer-in-charge (animal genetics)-R. B. Kelley, 

D.V.Sc. 
Assistant Research Officer (field investigations)-H. E. B. Shaw, B.V.Sc. 
Technical Officer-C. R. Graham. 

At National Field Station, " Gilruth Plains ", Cunnamulla, Queensland- 
Research Officer-in-charge-J. H. Riches, B.Sc.Agr.. Ph.D. 
Station Manager-M. G. Murdoch. 

7. 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~. 

8. DIVISION OF Sons. 
At Waite AgricuZtural Research Institute- 

Chief-J. A. Prescott, D.Sc,., A.A.C.I. ( art-time). 
Senior Research Officer (soil surveys)-3. K. Taylor, M.Sc., B.A. 
Research Officer (soil surveys)-T. J. Marshall, M.Agr.Sc. 
Research Officer (soil surveys)-C. G. Stephens, M.Sc., A.A.C.I. 
Research Officer (soil chemistry)-J. S. Hosking, M.Sc., A.I.C., A.A.C.I. 
Assistant Research Officer (soil chemistry)-A. Walkley, B.A., B.Sc., Ph.D. 

A.A.C.I. 
Assistant Research Officer (spectrography)-A. C. Oertel, M.Sc. 
Assistant Research Officer (microbiology)-T. H. Strong, B.Agr.Sc. 
Assistant Research Officer (soil surveys)-J. G. Baldwin, B.Agr.Sc. 
Assistant Research Officer (soil surveys)-G. D. Hubble, B.Agr.Sc. (seconded to 

the Queensland Department of Agriculture and Stock). 
Assistant Research Officer (soil surveys and ecology)-R. L. Crocker, B.Sc. 
Assistant Research Officer (soil surveys)-B. E.  Butler, B.Agr.8~. 
Assistant Research Officer (soil surveys)-R. Smith, B.Agr.8~. 
Assistant Research Officer (soil surveys)-R. I. Herriot, B.Agr.Sc. 
Assistant Research Officer (soil surveys)-R. G. Downes, M.Agr.Sc. 
Assistant Research Officer (soil surveys)-E. J. Johnston, B.Agr.Sc. 
Assistant Research Officer (soil surveys)-T. Langsford Smith, B.Sc. 
Technical Officer (surveys and cartography)-P. D. Hooper. 
Technical Assistant (soil chemistry)-H. R. Skewes. 

9. IRRIGATION SETTLEMENT PROBLEMB. 
At Irrigation Research Station, Gri$ith- 

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., A.A.C.I. 
Assistant Research Officer-R. R. Pennefather, B.Agr.8~. 
Assistant Research Officer-H. S. McKee, B.A., D.Phil., A.A.C.I. 
Orchard Superintendent-B. H. Martin, H.D.A. 

At Commonwealth Research Station, Merbein- 
Officer-in-charge-A. V. Lyon, M.Agr.80. 
Senior Research Officer (chemist)-E. C. Orton, B.Sc., A.I.C., A.A.C.I. 
Assistant Research Officer (irrigation and viticulture)-D. V. Walters, M.Agr.Sc. 
Assistant Research Officer (drainage)-A. L. Tisdall, M.Agr.8~. 
Assistant Research Officer (chemist)-P. Dixon, M.Sc. 
Technical Officer-J. E. Giles. 
Research Officer-A. C. Ingerson (part-time). 
Research Officer-R. C. Polkinghorne (part-time). 

10. DIVISION OF FOREST PRODUOTB. 
At South Melbourne- 

Administration- 
Chief-I. H. Boas, M.Sc., A.A.C.I. 
Deputy Chief-S. A. Clarke, B.E., A.M.I.E.(Aust.) (on leave). 
Librarian and Records Clerk-Miss M. I. Hulme, 



93 

Chemistry Section- 
Officer-in-charge-W. E. Cohen, D.Sc., A.A.C.I. 
Assistant Research Officer (chemist)-A. W. Mackney, M.Sc, A.A.C.I. 
Assistant Research Officer (chemist)--Miss T. M. Reynolds, M.Sc., D.Phil., A.A.C.I. 
Technical Officer-A. G. Charles, A.A.C.I. 
Technical Officer-A. J. Watson, A.A.C.I. 

Fibre Investigations- 
Officer-in-charge-A. M. Munro, M.A. (Oxon.), A.I.C., F.C.S. 
Assistant Research Officer-Miss J. F. Couchman, B.Sc. 

Seasoning Section- 
Officer-in-charge-C. S. Elliot, B.Sc. 
Assistant Research Officer-G. W. Wright, B.E. 
Assistant Research Officer-A. C. Pond, B.E. (Hons.). 
Technical Officer-J. T. Currie. 

Preservation Section- 
Officer-in-Charged. P. Rust, B.Sc., M.S. 
Assistant Research Officer-H. B. Wilson, B.$c., A.A.C.I. 
Assistant Research Officer-N. Tamblyn, M.Sc. (Agric.). 
Creosote Research Officer-D. E. Bland, M.Sc., A.A.C.I. (co-operative investigation 

with Tar Distillers). 
Wood Structure Section- 

Officer-in-charge-H. E. Dadswell, M.Sc., A.A.C.I. 
Assistant Research Officer-H. D. Ingle, B.For.Sc. (N.Z.) 
Assistant Research Officer-Miss A. M. Eckersley, DI.Sc. 
Assistant Research Officer-Miss J. Ellis, B.Sc. 

Photography- 
Technical Officer-E. S. Smith. 
Technical Officer-Miss A. I. Lightfoot. 

Timber Mechanics Section- 
Officer-in-Charge-I. Langlmds, B.E.E., M.Meoh .E., A.M.I.E. (Aust.). 
Assistant Research Officer-R. S. T. Kingston, B.Sc., B.E. 
Technical Officer-B. Whitington, B.Sc., B.E. 
Technical Officer-A. L. Gunn. 
Technical Officer-N. H. Hoot. 

Timber Physics Section- 
Officer-in-charge-W. L. Greenhill, M.E., Dip.8~. 
Assistant Research Officer-G. W. R. Ardley, M.Sc. 

Timber Utilization Section- 
Officer-in-Charge-R. F. Turnbull, B.E. (Hons.). 
Assistant Research Officer-A. J. Thomas, Dip.For. 
Assistant Research Officer-A. Gordon, B.Sc. 
Technical Officer-A. Rosel. 

Veneering and Gluing Section- 
Officer-in-charge-s. F. Rust, B.Sc. ,. M.S. 
Assistant Research Officer-C. E. Dlxon, M.Sc., A.A.S.E. 
Technical Officer-R. Deeble. 

Maintenance Section- 
Technical Officer-S. G. Mclqeil. 

11. Dtvrs10~ OP FOOD PRESERVATION AND TRANSPORT. 
At State Abattoir, Sydney- 

Chief-J. R. Vickery, M.Sc., Ph.D. 
Physics Section- 

Senior Research Officer-E. W. Hicks, B.A., B.Sc., A.A.C.I. 
Assistant Research Officer-M. C. Taylor, M.Sc. 

Pruit Storage Section- 
Research Officer-S. A. Trout, M.Sc., Ph.D. 
Technical Officer-P. R. Maguire. 

Fruit Products Section- 
Research Officer-L. J. Lynch, B.Sc.Agr. 



Meat and Fish Storage Section- 
Research Officer-W. A. Empey, B.V.Sc. 
Assistant Research Officer-C. C. Kuchrl, B.Sc., A.A.C.I. 
Assistant Research Officer-J. F. Kefford, KSc., A. A.C.I. 

At Government Cool Stores, Melbourne- 
Research Officer (biochemist)-I?. E. Huelin, B.Sc., Ph.D., A.A.C.I. 

At Animal Health Research Laboratory, Melbourne- 
Assistant Research Officer (bacteriologist)-Miss L. R. Alford, B Sc 

At Brisbane Abattoir- 
Assistant Research Officer (biophysicist)-A. R. Riddle, M.A.. M.Sc. 

At Fisheries Research Laboratory, Cronulla- 
Technical Officer (fish curing and canning)-R. Allen. 

At Australia House, London- 
Assistant Research Officer-N. E. Holmes. B.E.E. 

Port Hacking, Xydney- 
Chief-H. Thompson, M.A., D.Sc. 
Assistant Research Officer (bacteriologist)-E. J. Ferguson Wood, M.Sc., B.A. 
Assistant Research Officer (biologist)-D. L. Serventy, B.Sc., P6.D. 
Assistant Research Officer (biologist)-G. L. Kesteven, B.Sc. 
Assistant Research Officer (biologist)-M. Blackburn, M.Sc. 
Assistant Research Officer (biologist)-A. Tubb, M.Sc. 
Assistant Research Officer (chemist and hydrographer)-D. Rochford, B.Sc. 
Assistant Research Officer (librarian and biologist)-Miss F. V. Murray, M.So. 
Technical Officer-A. Proctor (laboratory). 
Technical Officer-G. Clark (M.V. Warreen). 
Technical Officer-Miss M. Stokes, B.Sc. 
Clerk-W. J. Gillespie, A.F.I.A., A.A.I.S. 
Master-M.V. Warreen-Captain A. Flett. 

At Melbourne- 
Fisheries Officer-S. Fowler. 

Electro-technology Section- 
I). M. Myers, B.E., D.Sc. 

Metrology Section- 
N. A. Esserman, B.Sc., A.1nst.P. 

Physics Section- 
G. H. Briggs, Ph.D., D.Sc. 

Chief-L. P. Coombes, B.Sc. 
Senior Draughtsman-D. W. Eaton. 
Draughtsman-F. Redlich. 
Aerodynamics Sectiori- 

Officer-in-Charge-C. N. Patterson, B.Sc., M.A., Ph.D. 
Assistant Research Officer-T. F. C. Lawrence, B.Sc., B.E. 

Structures and Materials Section- 
Officer-in-Charge-H. A. Wills, B.E. 
Assistant Research Officer-J. B. Dance, B.Met.E. 

Engines Section- 
Officer-in-Charge-31. W. Woods, D.Phil., B.Sc., B.E. 
Technical Officer-T. M. Spiers. 

Instruments Section- 
Technical Officer-A. N. A. Clowes. 

Workshops- 
Technical Officer-J. S. McLaren. 
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15. DMSION OF INDUSTRIAL CHEMISTRY. 
Chief Chemist-I. W. Wark, Ph.D., D.Sc., F.A.C.I. 
Senior Research Officer-E. J. Drake. 
Assistant Eesearch Officer--K. E. M~zrray, B.Sc., A.A.C.I. 

16. RADIO RESEARCH. 
At University of Ilfelbourne- 

Investigator-A. F. B. Nickson, M.Sc. 
A t  University qf Sydne?l-- 

Investigator-F. W. TVood. B.Sc. 
i Investigator-A. H. Mutton, B.E. 

17. ORE-DRESSINB INVESTIGATIONS. 
At University of Melbourne- 

Investigator-J. G. Hart. 
At Xchool of Mines, Adelaide, South Australia- 

Investigator-K. S. Blaskett, B.E. 

18. OTHER INVESTIGATIONS. 
Mineragraphic Investigations- 

Investigator-P. L. Stillwell, D.Sc. 
Research Officer-A. Edwards, B.Sc., Ph.D. 

Biometrics- 
At Canberra- 

Research Officer (in charge of section)-Mrs. J .  Calvert (Niss B'. E. Allan), M.A., 
Dip.Ed. 

At Melbourne- 
Assistant Research Officer-Miss M. Barnard, M. A., B.Sc., Ph.D. 

Dairy Products Investigations- 
A t  Dairy College of Science and Technology, Werribee- 

Investigator-W. J. Wiley, D.Sc., A.A.C.I. 

4. Publications of the Council.-The following publications were issued by the Council 
during the year :- 

(i) Bulletins. 
No. 129.-Investigations on Chilled Beef. Part 11.-Cooling and Storage in the 

Meatworks, by TV. J. Scott, B.Agr.Sc., and J. R. Vickery, AI.Sc., Ph.D. 
No. 130.-Chernical Investigations on the Fleece of Sheep, by Nartin R. Freney, B.Sc. 
No. 131.-Black End and Anthracnose of the Banana with Special Reference to 

Gbeosporium .Inusarum Cke. and Mass., by J. H. Ximinonds, M.Sc., and 
R. S. Mitchell, M.Sc.Agr. 

No. 132.-The Wood Anatomy of Some Australian Lauaceae with Methods for their 
Identification (Division of Forest Products-Technical Paper No. 34), 
by H. E. Dadswell, hI.Sc., and Audrey 31. Eckersley, M.Sc. 

No. 133.-A Soil Survey of the Ilildura Irrigation Settlement, Victoria, by F. Penman, 
M.Sc., G. D. Hubble, B.Agr.Sc., J. K. Taylor, B.A., N.Sc., and P. D, 
Hooper. 

(ii) Pamphlets. 
No. 91.-The Effect of Spacing and Time of Sowing on Yield and Yield Components 

of Wheat Varieties, by H. Fairfield Smith, B.Sc.(Agr.), ili1.S.A. 
No. 92.-The Density of Australian Timbers. 2.-Air-dry and Basic Density Data 

for 172 Timbers (Division of Forest Products-Technical Paper No. 33), 
by W. IJ. Greenhill, ALE., Dip.Sc., and H. E. Dadswell, M.Sc. 

No. 93.-Studies on the Marketing of Fresh Fish in Eastern Australia, Part 1.- 
Field Observations and Quantitative Bacterial Results. (Fisheries 
Section-Report No. 2), by E. 5. Ferguson Wood, 1\1.Sc., I3.A. 

No. 94.-Some Eficcts of Alkaline Reagents on Wool. 
(1) Chemical Studies, with Special Reference to Felting and Shrinkage, 

by M. R. Preney, B.Sc., and &I. Lipson, B.Sc. 
(2) Preliminary Notes on the Physical Properties of Alkali-treated 

Wool, by E. H. Mercer, B.Sc., and If. R. Preney, B.Sc. 

/ 
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No. 96.-Australian Apples. A Guide to Picking for Export or Local Storage and 
to the Best Shipping Periods for Export Varieties. Compiled by W. M. 
Carne. 

No. 96.-Further Investigations on Copper Deficiency in Plants in South Australia, by 
D. S. Riceman, B.Ag.Sc., C. M. Donald, B.Sc.Agr., and S. T. Evans, B.Sc. 

No. 97.-The Shrinkage of Australian Timbers. 2.-Shrinkage Data for 170 Timbers 
(Division of Forest Products-Technical Paper No. 35), by W. L. Greenhill, 
M.E., Dip.Sc. 

No. 98.-The Prevention and Treatment of Blowfly Strike in Sheep. Report No. 2, 
by the Joint Blowfly Committee. 

No. 99.-Studies on Chemical Weed-killers with Special Reference to Skeleton Weed, 
by C. G. Greenham, M.Sc., G. A. Currie, D.Sc., B.Agr.Sc., and 3'. E. 
Allan, M.A. 

(iii) Trade Circulars. 
No. &.-The Testing of Timber for Moisture Content. 
No. 46.-The Air-seasoning of Timber. 
No. 11.-(Revised Edition)-Wood Borers in Australia. Part 2.-Anobium or the 

Furniture Borer. 
No. 25.-(Revised Edition)-Wood Borers in Australia. Part 3.-Pin Hole Borers. 

(iv) Food Preservation C i rcuh .  
No. 3-P.-The Cooling of Export Chilled Beef. 

(v) Fisheries Circulars. 
No. I.--Some Notes on the Smoking of Fish. 
No. %-The Canning of Fish and Fish Products in Australia. 

1 

(vi) Quarterly Journal. 
Vol. 12, No. 3, August, 1939. 
Vol. 12, No. 4, November, 1939. 
Vol. 13, No. 1, February, 1940. 
Vol. 13, No. 2, May, 1940. 

(vii) Annual: Report for the year ending 30th June, 1939. 
(viii) " Handbook of Structural Timber Design,." 

XVI. ACI<NOWLEDGMENTS. 
In various sections of this report reference has been made to the valuable assistance afforded 

by many organizations and individuals. The Council desires to express its gratitude for the help 
I given by these bodies and persons in providing laboratory accommodation and other facilities 

and in many other ways. In particular, it desires to make special reference to the help given 
by the various State Departments, particularly those of Agriculture, and by the Universities, 
and to the contributions either in money or in kind provided by such bodies as the Commonwealth 
Bank (from its Rural Credits Development Fund), the Australian Wool Board, the Australian 
Meat Board, the George Aitken Pastoral Research Trust, the Australian Cattle Research 
Association, the Australian Dried Fruits Control Board, and by other bodies, companies, and 
individuals. The Council also wishes to acknowledge the assistance it has received from its 
State Committees and other Committees, the members of which have placed their knowledge 
and experience so freely a t  its disposal. 

G. A. JULIUS, Chairman, 
DAVID RIVETT, Executive Committee. 
A. E. V. RICKARDSON, 

a. LIGHTFOOT, Secretary. 
October, 1940. 
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A.-PERSONNEL OF THE COUNCIL AND O F  ITS VARIOUS COMMITTEEB. 

COUNCIL (AS AT 3 0 ~ ~  JUNE, 1940). 

EXE~UTIVE. 
Sir George A. Julius, Kt.; D.Sc., B.E. (Chairman). 
Sir David Rivett, K.C.M.Q., M.A., D.Sc. Y.A.C.I. (Deputy Chairman and Chief Exeoutive O$M). I A. E. V. Richardson, C.M.G., M.A., D.Sc. (Deputy Chief EzenUiw o&cer). 

CHAIRMEN OF ~ ~ T A T B  COYMITTP~~. 
Professor R. D. Watt, M.A., B.Sc. (New South Wales). 
Russell Grimwade, C.B.E., B.Sc. F.A.C.I. (Victoria). 
Professor H. C. Richards, D.Sc. (QueensIand). 
T. E. Field (South Australia). 
E. H. B. Zefroy (Western Australia). 
P. E. Keam (Taemania). 

Go-owacn MEuerar. 
N. K. 9. Brodribb, O.B.E., P.I.C., A.A.C.I. 
Q. S. Colman, C.B.E. 
Professor E. J. Goddard, B.A., D.Sc. 
Professor H. A. Woodrufl, B.Sc., M.R.C.V.S., N.R.C.S., L.R.C.P. 

STATE COMMITTEES (AS AT 30TH JUNE, 1940). 
NEW S o m a  WALES. 

Professor R. D. Watt, M.A., B.8o. (Chairman). 
E. C. Andrews, B.A., F.G.S. 
Professor E. Ashhy, D.Sc. 
Professor Sir Henry E. Barraclough, K.B.E., V.D., B.E., M.M.E., M.Imt.C.E., M.1.Mech.E. 
Professor W. J. Dakin, D.Sc., F.L.S., F.Z.S. 
Professor J. C. Earl, D.Sc., Ph.D., F.I.C., F.A.C.I. 
W. R. Hebblewhite, B.E. 
C. H. Hoskins. 
The Hon. Sir Norman W. Kater, Kt., M.L.C., M.B., Ch.M, 
F. Leverrier, KC., B.A., B.So. 
Sir Frederick McMaster, Kt. 
J. Merrett. 
J. Nangle, O.B.E., F.R.A.S. 
R. J. Noble, B.Sc.(Agr.), M.Sc., Ph.D. 
E. D. OgiIvie, B.A. 
Professor J. D. Stewart, M.R.C.V.S., B.V.So. 
F. J. Walker. 
Lieut,-Col. H. F. a t e ,  C.M.G., D.S.O. 

VI~TOU 
Russell Grimwade, C.B.E., B.Sc.. F.A.C.I. (Chairman). 
Professor W, E. Agar, M.A., D.Sc., F.R.S. 
W. Baragwanath. 
N. K. S. Brodribb, O.B.E., F.I.C., A.A.C.I. 
a. S. Colman, C.B.E. 
Sir Herbert W. Gepp, Kt., M.Aust.I.M.M., M.Am.I.M.M., F.A.C.I. 
H. Herman, D.Sc., M.M.E., B.C.E. 
Sir Dalziel Kelly, Kt., LL.B. 
Professor W, N. Kernot, B.C.E., M.Mech.E., M.1nst.C.E. 
Emeritus Profes~or Sir Thomas R. Lyle, M.A., D.Sc., F.R.S. 
H. A. Mullett, B.Agr.Sc, 
B. Perry, A.A.C.I. 
P. J. Rae, B.A., B.Sc., B.Agr.80. 
W. E. Wainwright, A.S.A.S.M., M.Aust.I.M.M., M.Am.1.M.M. 
L. J. Weatherly, M.A. 
Professor H. A. Woodruff. B.Sc., M.R.C.V.B., M.R.C.S.. L.R.C.P. 
Professor W. J. Young, D;SC., E".A.c.I. 

SOUTH A U S T B A ~ .  
T. E. Field (Chaimn). 
A. J. Allen, A.A.C.I. 
E. H. Bakewell. 
J. H. Goese. 
Professor Eerr Grant, M.Sc., P.1nst.P. 
W. A. Aargreaves, MA., R.C.E., D.Sc., P.I.C., F.A.C.I. 
Professor T. H. Johnston, M.A., D.Sc. 
B. T. Perry. 
Professor J. A. Prescott, D.Sc., A.A.C.I. 
W. J. Spafford, R.D.A. 
L. K. Ward, D.A., B.E., D.Sc. 

I 



Q ~ E N S L A N D .  
Professor H. C. Richards, D.Sc. (Chairman). 
Professor H. Alcock, M.A. 
J. D. Bell. 
Professor E. J. Goddard, B.A., D.Sc. 
V. Grenning. 
J. B. Henderson, O.B.E., F.I.O., A.A.C.I. 
Professor T. G. H. Jones, D.Sc., A.A.C.I. 
A. G. Melville. 
J. F. Meynink. 
Professor J. K. Murray, B.A., B.So.Agr. 
Professor T. Parnell, M.A. 

i 
Professor H. R. Seddon, D.V.Sc, 
R. P. M. Short. 
R. Veitch, B.Sc.Agr., B.Sc.For., F.E.8. 

E. H. B. Lefroy (Chairman). 
Professor N. S. Baylias, B.A., B.Sc., Ph.D., A.A.C.I. 
H. Bowlcy, B.A.C.I. 
F. a. Brinsden, M.I.M.M., M.Aust.1.M.M. 
W. G. Burges. 
Professor E. de Courcy Clarke, M.A. 
Professor G. A. ~ur r ie ,  B.Agr.Sc., D.Sc. 
J. D. Hammond. 
P. H. Harper, B.A. 
L. St.J. Jones. 
6. L. Kesuell, M.Sc., Dip.For. 
A. L. B. Lefroy. 
Professor G. E. Nicholls, D.Sc., A.R.C.Sc., F.L.S. 
Professor A. I). Ross, M.A., D.Sc., F.R.S.E., F.1nst.P. 
a. I,. Sutton, D.Sc.Agr. 

P. E. Ream (Chairman). 
N. P. Booth, F.I.C. 
Professor A. Burn. M.Se,, B.E. 
J. W. Evans, M.A., D.&. 
F. H. Fost,er, M.H.A., R.M.E., A.M.1.E.Aust. 
F. W. Hicks. 
Professor A. L. McAalav. M.A., B.8c.. Ph.D., F.1nst.P. 
D. 0. Meredith, A . I~~~.M.M. ,  M.I.E.AUS~., M.A.C.8. 
A. K. McGaw, C.M.G. 
W. E. Maclean, M.Inst.C.E., U.I.E.Auet. 
F. H. Peacock. 
Tho Hon. R. 0. Shoobridge, M.L.C. 
8. W. Steane, B.A., P.R.Cf.8. 

COMMONWEALTH RESEARCH STATION, MERBEIN-COMMITTEE OF CONTROTA. 

B. T. Dickson, B.A., Ph.D., Chief, Division of Plant Industry, C.S.I.R. (Chairman). 
Professor J. A.  Prescott, D.Sc., Waite Agricultural Research Institute, University of Adelaide. 
P. Malloch, Commonwealth Dried Fruits Control Board. 
E. J .  Casey, Commonwealth Dried Fruits Control Board. 

IRRIGATION RESEARCH STATION, GRIFFITH-COMMITTEE OF CONTROL. 

B. T. Dickson, B.A., Ph.D., Chief, Division of Plant Industry, C.S.I.R. (Chairman). 
Professor 3 .  A. Prescott, D.Sc., Waite Agricultural Research Institute, University of Adelaide. 
F. K. Watson, M.A., B.Sc.(Bgr.), B.Sc., A.D.I.I.C.E., Water Conservation and Irrigation Commission, New South Wales. 

CO&IUONWEAIITH RESEARCH ATATION, MERBEIN-- ADVISORY COMNITTEE. 

D. 0. Winterhottom, Mildura Packers' Association (Chairman). 
.4, R. NcConchie, State Rivers and Water Supj)ly Comnuission, Red ClifEv, Victoria. 
A. Lever, Mildura Shire Coancil. 
A. V. Lyon, Dil.Ayr.Sc., Commonwealth Research Station. Mrrbein. 
F. K. Watson, M.A., B.Sc.(Agr.), R.Sc., A.M.I.C.E., Water Conservation and Irrigation Commission, New 

South Wales. 
J. A. Lockhead, Mildura Shire Council. 
A. R. Cameron, Red Cliffs Settlement. 
J. Gordon, Citrus Growers' Association, Merbein. 
W. Heaysman, Cardross Horticultural Society. 
L. W. h d r e w ,  Waikerie, South Australie. 



0. Weste, Renmark, Houth Australia. 
S. Heaysman, Coomealla, New South Wales. 
8. P. Taylor, Curlwaa, New South Wales. 
P. T. Bymes, Woorinen, Victoria. 
W. Grundy, Nyah, Victoria. 
A. Rawlings, Merbein Growers' Union. 

IRRIGATION RESEARCH STATION, GRIFFITH-ADVISORY COMMITTEE. 

F. K. Watson, M.A., B.Sc.(Agr.), B.Sc., A.M.I.C.E., Water Conservation and Irrigation Commision, New South 
M'ales (Chairman). 

A. Q. Pubank, Murrumbidgee Irrigation Rice Growers' Co-operative Society. 
1 T. T. Morley, Griffith Producers' Co-operative Co. Ltd. 

A. G. Enticknap, Ycnda Producers' Co-operative Society Ltd. 
B. S. Kent, R.Sc., M.S., Commonwealth Research Station, GrifEth. 
V. C. Williams, lfurrumbidgee Irrigation Areas Research Bureau, Griffith. 1 H. J. Williams, Leeton Co-operative Cannery Ltd. 

I CITRUS PRESERVATION TECHNICAL ADVISORY COMIVIITTEB. 

I J. R. Yickery, M.Sc., Ph.D., Division of Food Preservation and Transpoz%, C.S.I.R. (Citairmalz). 
Professor W. J .  Young, D.Sc., University of Melbourne. 
E. S. West, B.Sc., M.S., Commonwealth Research Station, Griffith, New Sonth Wales. 
C. a. Savage, Director of Fruit Culture, Department of Agriculture, New South Wales. 
R. J. Renton, Fruit Instructor, Department of Agriculture, New South Wales. 
F. M, Read, M.Agr.Sc., Chief Inspector of Horticulture, Department of Agriculture, Victoria. 
J. Hepburn, Manager, Government Cool Stores, Melbourne. 
A. (3. Strickland, M.Agr.Sc., Chief Horticultural Officer, Department of Agriculture, South Australia. 
3Iiss E. Archer, M.Sc. (Secretary). 

FRUIT PROCESSING COP/lhlITTEE. 

W. R, Jewell, N.Se., B.Met., Director, State Laboratories, Tictoris (Chairmutt]. 
A. V. Lyon, M.Agr.Sc., Commonwealth Research Station, Merbein. 
A. a. Strickland, M.Agr.Sc., Chief Horticultural Officer, Departmen* of Agriculture, South Australia. I C. O. Savage, Director of Fruit Culture, Department of Agriculture, New South Wale.. 

I E. 8. West, B,Sc., M.S., Commonwealth Research Station, Griffith, New South Wales. 
D. Quinn, Department of Agriculture, Victoria (Secretary). 

I 

ADVISORY COMMITTEE RED-LEGGED EARTH MITE INVESTIGATIONS, WESTERN AUSTRALIA. 

E. H. B. Lefroy, Chairman, State Committee, C.S.I.R, 
C. F. Jenkins, B.A., Entomologist, Department of Agriculture, Western Australia. 
Professor G. A. Currie, D.Sc., B.Agr.Sc., Institute of Agriculture, University of Western Australia, Crawley, Western 

Australia. 
I. Thomas, Department of AgricuIture, Western Australia. 
A. J. Nicholson, D.Sc., Chief, Division of Economic Entomology, C.S.I.R. 
L. W. Phillips, &!t.Sc., M.Ed., Technical College, Perth (Secretary). 

THE VETERINARY ENTOMOLOGICAL COMMITTEE. 

(B'o~merly the Interdiviswml Blowfly Committee ; i ts function i s  to co-ordinate certain activities of the Diviswlzs of Economic 
Entomology and of Animal Health and Nutrition.) 

L. B. Bull, D.V.Sc., Chief, Division of Animal Health and Nutrition, C.S.I.R. 
A. J.'Nicholson, D.Sc., Chief, Division of Economic Entomology, C.S.I.R. 
D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal Health and Nutrition, C.S.I.R. 

1 ADVISORY COMMITTEE ON NATIONAL FIELD STATION, " QILRUTR PLAINS ". 

I N. Bourke, Queensland United Graziers' Association (Chairman), 
Eric P. Beresford, Moonjaree, Cunnamulla, Queensland. 
W. Kent, Jonbaryan, Darling Downs, Queensland. 

1 R. H. Nantes, Queensland United Graziers' Association. 

NEW SOUTH WALES MEAT RESEARCH ADVISORY COMMITTEE. 
I 

L. J. Ashcroft. Liverpool, New South Wales. 
E. J. Bowater, Messrs. Angliss & Co. Pty. Ltd., Sydney. 
J. M. Davidson, Commonwealth Veterinary Oficer, Sydney (Represerlting the Department of Commerce). 
J. Menett, lI!tetropolitan Meat Indilstry Commissioner, Sydney. 
F. J. Walker, Sydney. 
J. R. Vickery, &f.Ac., Ph.D., Division of Food Preservation and Transport, C.S.I.R. 

MINERAGRAPHIC CO&rnITTEE. 

Rofeaeor E. W. bkeata, D.Sc., A.R.C.Sc., F.G.S., Geology School, University of Melbounte. 
W. E. Wainwright, A.S.A.S.M., KAwt,I.M.M., M.Am.I.M.M., Australasian Institute of Nining a d  Netsllntgy. 



FOUNDRY SANDS ADVISORY COMMITTEE. 
I. H. Boas, M.Sc., Chief, Division of Forest Products, C.S.I.R. (Chairman). 
F. Ayre 
D. H. Ferguson ) Representing Victorian Chamber of Manufactures. 

P. L. Nartyn. 
F. Moss, A.A.C.I., Melbourne Technical College. 
A. F. Dunhar, B.Sc., Melbourne Technical College. 

;: E,"ks)~epresenting the Institute of Australian Foundrymen. 

G. A. Cook, M.Sc., B.M.E., F.A.C.I., Council for Scientific and Industrial Research. 
F. G. Nicholls, M.Sc., Council for Scientific and Industrial Research (Secretary). 

RADIO RESEARCH BOARD. 
Professor J. P. Madsen, B.E., D.Sc., Department of Electrical Engineering, University of Sydney (Chairman). 
D. McVey, Director-General, Postmaster-General's Department, Melbourne. 
Professor T. H. Laby, M.A., Sc.D., F.R.S., F.Inst.P., Department of Natural Philosophy, University of Melbourne. 
Commander J. B. Newman, R.A.N., Department of the Navy, Melbourne. 

NATIONAL STANDARDS LABORATORY COMMITTEE. 
Professor J. P. Madsen, B.E., D.Sc., Department of Electrical Engineeling, University of Sydney (Chairman). 
Professor 0. U. Vonwiller, B.Sc., Department of Physics, University of Sydney. 
N. I(. S. Brodribb, O.B.E., F.I.C., Controller-General of Munitions and Supply, Department of Supply and Development, 

Melbourne. 
F. J. Shes, Department of Supply and Development, Melbourne. 
J. Storey, Aircraft Production Commission. 
G. Lightfoot, M.A., Council for Scientific and Industrial Research. 
F. G.  Nicholls, M.Sc., Council for Scientific and Industrial Research (Secretary). 

B.-COMMITTEE8 CONCERNING WORK IN WHICH THE COUNCIL IS CO-OPERATINQ. 

BCIENTIPIC PUBLICATIONS COUITTEI&. 
A. C. Joyce, Secretary, Commonwealth Treasury (Chairman). 
Sir David Rivett, K.C.M.Q., M.A., D.80., Council for Scieotifio and Indutdal Rewarah. 
W. U. Woolnough, D.80.. Geological Adviser to the Commonwealth. 

(Of Awtralian Council of AgricuBura.) 
R. J. Noble, B.Sc.Agr., M.Sc., Ph.D., Under-Secretary, Department of Agriculture, New South Walea. 
H. A. Mullett, B.Agr.Sc., Director, Department of Agriculture, Victoria. 
R. P. M. Short, Under-Secretary, Department of Agriculture and Stock, Queensland. 
W. J. Spafford, Director, Department of Agriculture, South Australia. 
L. St. J. Jones, Under-Secretary, Department of Agriculture, Western Australia. 

P. H. C. Smith, Secretary, Department of Agriculture, Tasmania. 
J. F. Murphy, Secretnry, Department of Commerce, Canberra. 
Sir George Julius, Kt., B.Sc., B.M.E. 
Sir David Rivett, K.C.M.G., M.A., D.8c. Members of Exeoutive Committee of 0.8.I.B. 
A. E. V. Richardson, C.M.G., M.A., D.Sa. I 

TECHNICAL COMMITTEE-PASTURE PLANT IMPROVEMENT INVESTIGATION, QUEENSLAND. 
Professor J. K. Murray, B.A., B.Sc.Agr., Queensland Department of Publio Instruction. 
C. W. %rindere, B.Sc.Agr., Department of Agriculture and Stock, Brisbane. 

I J. R. A. McMillan, B.Agr.Sc., M.S., D.Sc. (wlth C. 5. Christian, B.Sc.Agr., M.Sc., as deputy), C.S.I.R. 
B. T. Dickson, B.A., Ph.D., C.S.I.R., ex o$icio member. 
B. Veitoh, B.Sc.&r., B.Sc.For., F.R.E.S., Department of Agriculture and Stock, Briabane. 

I 
IRRIGATION AND DRAINAGE COMMITTEE FOR SOUTH AUSTRALIA. 

C. M. Powles, Secretary for Irrigation, Lands Department, South Australia (Chairman). 
A. G. Strickland, M.Agr.Sc., Chief Horticultural Instructor, Department of Agriculture, South Australia. 
A. V. Lyon, TvI.Agr.Sc., Commonwealth Research Station, Merbein, Victoria. 
A. C. Gordon, Superintendent for Irrigation, Lands Department, South Australia. 
E. R. Laurie, Engineer for Irrigation, Engineering and Water Supply Department, Xouth A ~ t r a l i a .  

CURLWAA AKD COOMEALLA HORTICULTURAL ADVISORY COMMITTEE, NEW SOUTH WALES. 
A. V. Lyon, M.Agr.Sc., Commonwealth Research Station, Merbein (Chairman). 
F. S. Barrett, Water Conservation and Irrigation Commission, New South Wales. 
S. Colley, Rural Bank, New South Wales. 
F. S. Oldham, Department of Agriculture, New South Wales. 
W. Webley, Coomealla Settlers' Representative. 
S. P. Taylor, Curlwaa Settlers' Representative. 
A. I,. Tisdall, Commonwealth Remarch Station, Merb-ein (8esntwy). 



WAKOOL DISTRICT RESEARCH COMMITTEE, NEW SOUTH WALES. 
A. V. Lyon, M.Agr.Sc., Commonwealth Rescarch Station, Merbein (Chairman). 
T. J. Marshall, M.Agr.Sc., Division of Soils, C.S.I.R. 
J. B. Moore, Water Conservation and Irrigation Commission, New South Wales. 
J. M. Arthur, Department of Agriculture, New South Wales. 
F. Mathews, Rural Bank, New South Wales. 
E. E. Ellis 
H. J. Jackson Representing Landholders (Wakool Irrigation Area). 
R. Redfearn I- 

ADVISORY COMMITTEE ON WATERLOGGING PROBLEMS. 
(This Committee was formed by the Leeton Fruit-grou3ers' Co-operative Society to advise settlers in oases where they have 

some dz$icult irrigation problem.) 
F. K. Waison, M.A., B.Sc.(Agr.), B.Sc., A.M.I.C.E., Water Couservation and Irrigation Commis~ion (Chairman). 
C. G. Savage, Department of Agriculture, New South Wales. 
A. G. Enticknap, Yenda Producers' Co-operative Society Ltd. 

/ R. R. Pennefather, B.Agr.Sc., Irrigation Research Station, Griffith. 

I IRRIGATION RESEARCH EXTENSION COMDZITTEE (MURRUMBIDGEE IRRIGATION AREAS). 
C. a. Savage, Department of Agriculture, New South Wales (Chairmun), 

, C. J. Horth, Department of Agriculture, New South Wales. 
F. K. Watson, M.A., B.Sc.(Agr.), B.Sc., A.M.I.C.E., Water Conservation and Irrigation Commission, New South Wales. 
J. G. Youll, Water Conservation and Irrigation Commission, Leeton. 
H. N. England, B.Sc., Water Conservation and Irrigation Commission, Leeton. 
E. R. Iredale, Rural Bank, New South Wales. 
C. T. Lasscock, Rural Bank, New South Wales. 
H. G. B. Williams, Rural Bank, New South Wales. 
E. S. West, B.Sc., M.S., Irrigation Research Station, Griffith. 
R. R. Pennefather, B.Agr.Sc., Irrigation Research Station, Griffith. 

VITICULTURAL COMMITTEE FOR NON-IRRIGATED AREAS. 
Chas. Russell, Dried Fruitu Board for South Australia (Chirman). 
A. (3. Strickland, M.Agr.Sc., Chief Horticultural Instructor, Department of Agriculture, South Australia. 
A. V. Lyon, M.Agr.Sc., Commonwealth Research Station, Merbein, Victoria. 
W. N. Twiss, Dried Fruits Board, South Australia (Secretary). 

COMMITTEE ON OENOLOGICAL RESEARCH. 

Professor J. A. Prescott, D.Sc., representing C.S.I.R. (Chairmun). 
C. Haselgrove, representing the Federal Viticultural Council. 
Professor A. E. Platt, M.D ., D.T.M., D.T.H., representing the University of Adelaide. 
L. N. Salter, representing the Australian Wine Board. 

COMMITTEE ON DRIED VINE FRUIT PROCESSING METHODS. 
A. V. Lyon, M.Agr.Sc. 
E. C, Orton, B.Sc., A.A.C.I. ) ~ e ~ r e s e n t i n ~  C.S.X.R. 
A. R. Hampton, Mildura Packers' Association. 
W. ~ e a ~ a m a n ,  Merbein Advisory Committee. 
W. R. Jewell, M.Sc., B.Met., Victorian Department of Agriculture. 

Growm' Rspr~bntdiuw. 
8. R. Mansell, Mildma. 
A. R. McDougall, Merbein. 
A. S. Lochhead, Irymple. 
J. Moore, Red Cliffs. 
D. Taylor, Dareton, New South Wales. 
F. A. Meiachell, Dareton, New South Wales. 
Q. S. Potta, Mildura. 
&. EL. C. UcCallum, Red Cli&. 

JOINT FRUIT 0TORAGE INVESTIGATION C O W T T E E ,  NEW SOUTH WALEB. 
C. a. Savage, Department of Agriculture, New South Wales. 
H. Broadfoot, Department of Agriculture, New South Wales. 
Professor W. J. Young, D.Sc., Biochemistry School, University of Melbourne. 
Professor E. Ashby, D.Sc., Department of Botany, University of Sydney. 
J. R. Vickery, M.Sc., Ph.D., Division of Food Preservation and Transpod, C.S.I.R. 
S. A. Trout, M.Sc., Ph.D., Division of Food Preservation and Transport, C.S.I.R. 

ADVISORY COMMITTEE ON FRUIT COOL STORAGE INVESTIGATIONS. 

(Established in connexion with the co-operatiwe investigations of the Courfiil a.nd the Victorian Department of Agriculture 
orb the cool storage of %on-tropic01 fruits.) 

Professor W. J. Young, D.Sc., Biochemistry School, University of Melbourne (Chair.rnan). 
S. Fish, M.Agr.Sc., Department of Agriculture, Victoria. 
F. M. Read, M.Agr.Sc., Cbief Inspector of Horticulture, Department of Agriculture, Victoria. 
J. R. Vickery, M.Sc., Ph.D., Division of Food Preservation and Transport, C.S.I.R. 



. ' ADVISORY COMMITTEE ON ORIENTAL PEACH MOTH INVESTIGATIONS. 
A. J. Nicholson, D.Sc., Chief, Division of Economic Entomology, C.S.I.R. (Chairman). 
P. M. Read, M.Agr.Sc., Chief Inspector of Horticulture, Department of Agriculture, Victoria. * H. J. Williams, Manager, Leeton Cannery, New South Wales. 
Q. A. H. Helson, M.Sc., Division of Economic Entomology, C.S.I.R. 
8. Fish, M.Agr.Sa., Biologist, Department of Agriculture (Victoria), (Secretary). 

JOINT BLOWFLY CONTROL COMMITTEE. 
(As a meam of co-ordination of activities of New South Wales Department of Agriculture and of C.S.I.R.) 

L. B. Bull, D.V.Sc., Chief, Division of Animal Health and Nutrition, C.S.I.R. (Chairman). 
A. J. Nicholson, D.Sc., Chief, Division of Economic Entomology, C.S.I.R. 
W. L. Hindmareh, M.R.C.V.S., B.V.Sc., D.V.H., Director, Glenfield Veterinary Research Station, New South !\'ales. 
T. McCarthy, Chief Entomologist, New South Wales Department of Agriculture. 
H. G. Belschner, D.V.Sc., Department of Agriculture, New South Wales. 
D. A. Gill, bI.R.C.V.S., D.V.S.M., Division of Animal Health and Pu'utrition, C.S.I.R. e.  1 

TOWNSVILLE CATTLE RESEARCH ADVISORY COMMITTEE. 

(For Queensland Cattle Research.) 
N. Bourke, Queensland United Graziers' Association (Chairman). 
E. E. D. White, Queensland United Graziers' Association. 
J. L. Wilson, Queensland United Graziers' Association. 
F. M. Bell, Queensland United Graziers' Aaaociation. 
R. C. Philp, Queensland United Graziers' Association. 
8. W. Archer, Queensland United Graziers' Association. * 
P. A. Brou-n, Queensland United Graziers' Association. 
G. A. Fairbairn, Queensland United Graziers' Associ a t' lon. 
Professor H. C. Richards, D.Sc., University of Que~n~land. 
J. Legg, D.V.Sc., Department of Agriculture and Stock, Queensland. 
Professor H. R. Seddon, D.V.So., University of Queensland. 
L. J. Landsberg. 

AUSTRALIAN COMMITTEE ON ANIMAL PRODUCTION. 
H. S. Henley, ML.C., representing Australian Meat Board (Chairman). 
A. H. E. McDonald, H.D.A., Department of Agriculture, Kew South Wales. 
H. A. Mullett, B.Agr.Bc., Department of Agriculture, Victoria. 
Professor H. R. Seddon, D.V.Sc., Department of Agriculture and Eb&, Queensland. 
W. J. Spafford, R.D.A., Department of Agriculture, South Australia. 
G. K. Baron-Hay, Department of Agriculture, Western Australia. 
F. W. IIicks, Department of Agriculture, Tasmania. 
Ross Grant, Department of Commerce, Melbourne. 
J. Proud, representing Australian Dairy Produce Board. 
A. E. V. Richardson, C.M.G., M.A.. D.Sc., Deputy Chief Esecutive Officer, C.S.I.R. 
L. B. Bull, D.V.Sc., Division of Animal Health and Nutrition, C.S.I.R. 
A. J. Vasey, B.Agr.Sc., Division of Animal Health and Nutrition, C.S.I.R. (Secretary). 

MINING ADVISORY COMMITTEE. 
Sir David Rivett, K.C.M.G., M.A., D.Sc., Council for Scientific and Industrial Research (Chiman). 
H. Herman, D.Sc., M.M.E., B.C.E., Electricity Commission of Victoria, Melbourne. 
H. St. J. Somerset, Electrolytic Zinc Co. of Australasia Ltd., Melbourne. 
W. E. Wainwright, A.S.A.S.M., M.Aust.I.M.M., M.Am.I.M.M., Broken Hill South Ltd., Melbourne. 

Melbourne Sub-Committee. 
Professor J. N. Greenwood, D.Sc., School of Metallurgy, University of Melbourne (Chairman). 
W. Baragwanath, Director, Geological Survey, Victorian Department of Mines. 
H. Hey, Electrolytic Zinc Co. Ltd., Melbourne. 
W. J. Rose, B.M.E. (Melb.), M.A.I.M.M., Commonwealth Tariff Board. 
G. B. OYMalley, I3.Met.E. 

Adehide Sub-Committee. 
L. Keith Ward, B.A., B.E., D.8c., Director, South Australian Department of Mines (Chairman). 
Professor H. W .  Gartrell, M.A., B.Sc., Bonython Laboratory, South Australian School of Mines and Industries. 
Professor Kerr Grant, M.Sc., F.Inst.Y., Department of Physics, University of Adelaide, South Australia. 

Kalgoorlie Sub-Committee. 
, R. C. Wilson, B.Sc., B.E., M.Imt.M.M., State Mining Engineer, Western Australian Department of Mines (Chairman). 
B. H. Irloore, D.Sc., Principal, School of Mines, Kalgoorlie, Western Australia. 
F. G.  Brinsden, Australasian Institute of Mining and Metallurgy, Western Australia. 
J. R. Hylton, Great Boulder Pty. Gold Mmes Ltd., Pimiston, Western Australia. 
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