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PREFACE

THE EMPIRE MARKETING BOARD IN 1932-33

FOR the last four years the Empire Marketing Board has been
able to announce 1n its Annual Report new records of shipments
of a variety of Empire products to the United Kingdom. It is
satisfactory again to be able to report, notwithstanding the difficult -
times through which we have recently passed, that this progress has

continued during the year under review.
The following table gives the volume of imports of twenty-four

products into the United Kingdom from E

established new records during 1932:—

mpire sources which

Commodity. Co&mng{ of Quantity in 1932. Previous Record.:
Total. ,
Wheat Australia oo | 24,159,000 cwts. 23,300,000 cwts.  in 1931
Canada .. .. | 46,874,000 ,, 41,005,000 ,, s 1928
Wheat flour | Australia .. | 2,830,000 ,, 2,558,000 ,, ,» 1931
Frozen lamb | New Zealand .. | 8,454,000carcasses| 8,168,000 carcasses,, 1931
Butter New Zealand .. | 2,190,000 cwts. 1,925,000 cwts. ,, 1931
Australia .. | 1,829,000 ,, 1,558,000 ,, ,» 1931
Eggs Australia <« | 15,147,000 dozen 9,182,000 dozen ,, 1931
Tea .« { Ceylon .. .« 172,000,000 1bs. 159,000,000 1bs. ,» 1931
Canneld pine- | B. Malaya .. 911,000 cwts. 676,000 cwts.  ,, 1931
apple.

P Canada .. «« | 10,844,000 1bs. 6,273,000 1bs, » 1931
Tobacco Nyasaland .. | 15,064,000 .,, 13,781,000 ,, » 1927
S. Rhodesia .. | 10,452,000 ,, 10,280,000 ,, » 1928
Bananas .. { B.W. Indies .. | 10,609,000 bunches | 6,971,000 bunches ,, 1931
Apples Australia 1,684,000 cwts." 1,442,000 cwts. ,, 1928
PP New Zealand .. | 573,000 ,, 380,000 ,, ,» 1930
Oranges .. | Palestine .. | 1,639,000 ,, 1,359,000 ,, . 1927
South Africa .. 75,000 ,, 65,500 ,, - 1931
Grapefruit Palestine . 81,000 ,, 35,500 ,, . 1931
|| B.W. Indies - .. 72,000' ,, 41,000 ,, » 1929
Plums South Africa .. 32,000 ,, 29,000 ,, » 1931
Canada .. . 20,000 ,, 18,000 ,, . 1928
Grapes .. | South Africa .. 68,000 ,, 59,000 ,, ~ , 1931
Peaches .. | South Africa .. 30,000 ,, 25,700 ,, , 1930
Pears «+ | New Zealand .. 40,000 ,, 19,500 ,, .» 1931
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Some of these records are sufficiently striking to deserve comment.
Not only did imports of wheat from Canada constitute a record for
supplies coming to the United Kingdom from that country, but the
1932 total has never been exceeded by any country except during
the two war years, 1916 and 1917, when imports from the United
States of America reached a higher figure. Imports of eggs from
Australia, bananas from the British West Indies, tobacco from
- Canada, apples and pears from New Zealand, and grapefruit from
Palestine and the British West Indies all exceeded by 50 per cent. or
more their previous best. Besides the record importation of Canadian
tobacco, it is noticeable that imports from both Southern Rhodesia
and Nyasaland established new records, exceeding the quantities
imported in 1928 and 1927 respectively ; in those years the heavy
imports led to large accumulations of stocks in the United Kingdom,
b;ﬂi 9%0 similar accumulation has resulted from the record imports
o 2.

In addition to the products mentioned in the table, attention should
also be drawn to apples from South Africa, oranges from Cyprus
and grapefruit from British Honduras. These as yet constitute only
a small fraction of the United Kingdom annual supplies, but in each
case the 1932 imports were on a higher level than in any earlier year.

South African butter and eggs and Australian frozen lamb failed
to reach the 1931 level, but imports were larger than in any other
year. Imports of South African oranges fell short by only 20,000
cwis. of the record imports in 1930. Imports of tea from India,
at 312 million lbs., were greater than in any year since 1918, and
imports of Australian rabbits, totalling 574,000 cwts., were the
largest since 1916. A welcome improvement in imports of rice
from India brought the total to over 1,000,000 cwts. for the first
time since 1925.

Neither Australian nor South African wine quite reached the
highest figures previously recorded—in 1927 for the former and in
1931 for South Africa; but clearances for home consumption
established new high records and it is evident that Empire wines are
continuing to strengthen their position in the United Kingdom
market.

No new individual records in sugar imports were established in
1932, but the total of over 14 million cwts. from all Empire countries
combined was the largest ever recorded. Imports from Australia
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and South Africa failed to reach their 1931 record levels, but there
was an increase in supplies coming from Mauritius, while imports
from the British West Indies (including British Guiana and British
Honduras) totalled nearly 4,000,000 cwts. and were the highest
for over 50 years.

THE OTTAWA CONFERENCE AND THE EMPIRE
MARKETING BOARD

The future of the Board’s work was discussed at the Ottawa
ence* in 1932, when it was recommended that a Committee
should be appointed forthwith, consisting of not more than two
representatives of each of the participating Governments, to consider
the means of facilitating economic consultation and co-operation
between the several Govermments-of the Commonwealth, including a
survey of the functions, organisation and financial bases of certain
specified agencies, and an examination of what alterations or modifi-
cations, if any, in the existing machinery for such co-operation within
the Commonwealth were desirable.

The Conference further recommended that it should be an instruction
to the Committee to elect their own Chairman from among their
members, and to report to the several Governments represented
thereon not later than the 31st May, 1933, with a view to the con-
sideration of their report by the several Governments not later than
the following September.

The United Kingdom delegates to the Conference stated that, in
order that the necessary time might be available for the preparation
and consideration of the report of the Committee, the Government
of the United Kingdom would continue to furnish any funds which
might be required to finance essential work of the Empire Marketing
Board down to the end of September, 1933. The Conference
recorded its deep appreciation of the action of the United Kingdom
in this respect.

The Committee which was appointed, upon the invitation of the
Government of Canada, as a result of the recommendation of the
Ottawa Conference, met in London during the early months of 1933
and signed its report just before Easter. Its recommendations had
not been published at the time of printing this Annual Report.

* See ** Imperial Economic Conference at Ottawa, 1932. Summary of Proceedings."
H.M. Stationery Office. Cmd. 4174 (1s. 6d. net). :
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FINANCE

Following the issue of the report of the Committee on National
Expenditure in 1931, the Government decided that it would be
necessary to limit the Board’s net Vote for the year 1932-33, to
. £300,000. In consequence, the work of the Board during the year

under review has had to be restricted almost entirely to the
maintenance and consolidation of pre-existing activities.

RESEARCH

Last year’s report gave an account of the action taken by the
Board to give effect to the recommendation of the Imperial Con-
ference of 1930 in regard to the planning of joint programmes of
research on a broad Empire basis. Further replies have been received
during the year to the Board’s letter of March, 1931. A significant
feature of these and previous replies is the striking measure of agree-
ment among the Empire’s scientific authorities as to the problems
most urgently requiring further research in the general economic
interests of the Empire.

The most promising development in the research activities of the
Board during the past year has been its part in the initiation of a
" programme of parasitological research at the newly established
Institute of Helminthology at Macdonald College in Montreal. The
Institute has started its work under a special Associate Committee
on Parasitology of the National Research Council of Canada and
a Director appointed from Scotland.

As will be seen from the research section which follows, good
progress continues to be maintained in the many fields of research
covered by the Board’s grants.

STATISTICAL SURVEYS AND MARKET INTELLIGENCE

Financial considerations during the past year have prevented that
extension of the Board’s work in the direction of market intelligence
and statistical surveys which was envisaged by the Imperial Con-
ference of 1930, but there has been at any rate no curtailment of
these activities. Throughout the year the weekly market intelli-
gence services have been maintained for fresh fruit, canned and
dried fruits, dairy produce and pig products. Enquiries have been
prosecuted among retailers into regional preferences and changing
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demand for Empire foodstuffs. Further experimental consignments

have been handled of fruits and vegetables for which Emipire growers
hope to develop a market 1 the U i ——The series of
brief statistical pamphlets on the production and trade of the countries
of the Empire has been completed, and the series dealing on somewhat
similar lines with groups of commodities has been continued. Pro-
gress has been made with statistical world surveys of individual
agricultural products; and three reports, on oil palm products,
coconut palm products and wool, have been issued during the year.

At the suggestion of the Board’s Wool Statistics Advisory
Committee, the Board has made concrete proposals to the Govern-
ments of the Empire, to the International Institute of Agriculture
and to the International Wool Textile Organisation for the
improvement and better co-ordination of international wool
statistics.

MARKET PROMOTION

The work of the Marketing Branch of the Board, with its team of
four Marketing Officers, has continued to develop, particularly
in its approach to large consumers, such as Local Authorities, hotels,
shipping companies, etc., with a view to guiding their purchases into
Empire channels. It has been possible to enlist the sympathetic
co-operation of the organisations approached, and supplies from
Empire sources not only of foodstuffs and tobacco, but also of
such articles as glassware, hospital equipment and school furniture
are now being specified in an ever increasing number of tender forms
as the result of this branch of the Board’s work.

Similarly the Food Products Committee, whose members include
men well versed in problems associated with the various branches of
the food trades, have extended the scope of their work during the
year under review. The results of their investigations into the market
conditions in this country of a large number of Empire commodities
have been made available to the producers or packers concerned.

PUBLICITY

No marked development or extension of the Board’s publicity
activities has been possible during the past year. Following the
rigorous curtailment of the Board’s finances, provision was made
for the continuance during the year 1932-33 of existing publicity
work on a care and maintenance basis only. : :
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Encouraged by the experience gained at the Empire Shops opened
previously in a number of provincial towns, the Board made special
provision for the leasing of two further Shops during the year. From
May to September, 1932, a Shop was opened in Sheffield ; and from
September, 1932, to February, 1933, another was opened in Cardiff.
In both instances it was again demonstrated that this particular
form of publicity was singularly suited to the Board’s purposes.
It is also interesting to note that the sales of samples of Empire
products at the six Shops which the Board has opened have now
exceeded one million.

In continuation of its work in connection with the marketing
of Empire Timbers, the Board, in the Summer of 1932, published a
“ Handbook of Empire Timbers . This work, which was compiled
with the assistance of the Forest Products Research Laboratory,
the Royal Botanical Gardens, Kew, and the Imperial Institute
deals with a wide range of the timbers which are produced in different
parts of the Empire and which are commercially obtainable in the
United Kingdom. In conjunction with the *“ Buy British "’ Com-
mittee of the Forum Club, and with the Building Centre in New Bond
Street, exhibitions of Empire Timber, and articles made therefrom,
have been staged. Both of these efforts, which have been made
‘possible by the generosity and whole-hearted co-operation of the
bodies concerned, have helped considerably to bring Empire timbers
to the notice of potential users.

‘The Board’s Film Unit bhas continued the production of films for
both theatrical and non-theatrical display, and in addition has under-
taken the production of a number of films for other Government
Departments.

A group of the Board’s films in silent form has been sold for a
substantial sum to a commercial company, for subsequent synchroni-
sation and distribution in public cinemas. For school use and other
non-theatrical displays 43 films have been prepared and added to the
Board’s Film Library. In addition the Library has been appreci-
ably strengthened by the addition of films generously placed at
the Board’s disposal by Dominion Governments, the Canadian
National Railways and other organisations. The number of schools
and other bodies making use of the Library has nearly doubled since
the previous year. So rapid, indeed, has been the development of
this type of distribution that, although the number of prints of films
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available has been more than trebled, considerable difficulty has
been experienced in meeting the demand. During the course of the
year displays of the Board’s films have been given to audiences
totalling over 1,000,000 people.

CHANGES IN MEMBERSHIP

Few changes in the membership of the Board have occurred during
the past years. Major Elliot, on his appointment as Minister of
Agriculture, was succeeded by Mr. Hore-Belisha. Sir Robert
Hamilton, on his retirement from office, was succeeded by Lord
Plymouth. More recently, Mr. W. A. Wilson, who had been a
member of the Board from its first establishment, retired from the
Board, in view of the pressure of his other duties, and was succeeded
by Mr. Harrison Watson, the Chief Canadian Trade Commissioner
in the United Kingdom.

The Board suffered a heavy loss in May, 1933, by the death of
Mr. J. C. Stobart, Director of Education of the British Broadcasting
Corporation, who had been a member of the Publicity Committee
since its formation.

Mr. Gervas Huxley, who had been Secretary of the Publicity
Committee since 1926, left the Board’s service in December, 1932,
upon his appointment as Commissioner of the Ceylon Tea Propa-
ganda Board.
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I. GRANTS FOR RESEARCH AND
DEVELOPMENT*

A further close scrutiny of research commitments and expenditure
has been rendered necessary during the year in the light of the new
position, reported in the Preface, which confronted the Board after
the Ottawa Conference. A special Committee was appointed by the
Secretary of State for Dominion Affairs to examine the Board's
expenditure and to consider the financial provision necessary for
preserving essential services on a limited though efficient basis. In
the field of research, as indeed in every other field of activity, the
circumstances have dictated a restricted programme of maintenance
and the postponement or withholding of support from any new and
promising research activities which have been brought to the Board'’s
notice.

THE PLANNING OF JOINT PROGRAMMES OF RESEARCH

Since last year’s Report was issued further replies have been
received from the Imperial Council of Agricultural Research for
India and the Colonial Advisory Council of Agriculture and Animal
- Health to the letter addressed by the Board in March, 1931, to
oversea research organisations as the outcome of the discussions
which took place at the time of the Imperial Conference of 1930.
Summaries of replies previously received from Australia, the Union
of South Africa and Southern Rhodesia were given in last year’s
Report, and the following are summaries of the replies now received
from India and the Colonial Advisory Council of Agriculture and
~Animal Health. '

Imperial Council of Agricultural Research for India

The major problems suggested by the Council as requiring further
research in the general economic interests of the Empire cover the
fields of low temperature research, animal nutrition, animal health
and helminthology, wool research, entomology, plant breeding and
plant pathology. The special lines of further research suggested
relate to (i) fruit transport problems and the effect of storage on.
fruit ; (i) mineral deficieficies in the food of livestock ; (iil) the

* Provision was made in the printed Estimates for 1932-33 for an expenditure on
research of £296,620.
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feeding qualities of Indian millets for livestock, especially poultry ;
(iv) tuberculosis and Johne’s diseases of cattle, contagious abortion
and sterility, the control of entozoal parasites of domestic animals,
the special diseases of poultry, foot-and-mouth disease, the differen-
tiation of various protozoal organisms, such as various forms of
Theileria and  Piroplasma, Trypanosomes and Coccidia and their
control ; (v) wool research problems; (vi) the biological control of
insect pests by the breeding of beneficial parasites; (vii) virus
diseases of plants especially mosaic diseases of sugar cane and virus
diseases of potatoes; (viil) cotton breeding; and (ix) the genetics
and cytology of sugar cane. Further subjects suggested relate to
the water requirement of crops under irrigation conditions, research
on oil-seeds, investigation into the causes of fertility in soils, and the
development of agricultural meteorology.

Colonial Advisory Council of Agriculture and Animal Health

In the field of animal health the Colonial Advisory Council of
Agriculture and Animal Health recommends the development of
research (i) on bovine sterility, including infection due to contagious
abortion and sterility arising from nutritional and other physiological
causes ; (ii) on Redwater and Anaplasmosis, including a study of the

arasites concerned ; (iii) on Theileriasis, covering (@) the species of

heileria concerned and their geographical distribution, (b) the
immunity conferred by each species on any other and (c¢) the
immunity conferred by a species on itself; and (iv) on the
prevention and treatment of Helminthiasis. On the nutritional side
research into the mineral and vitamin requirements of cattle and
sheep with special reference to the relationship of these deficiencies
to disease is recommended, and on the genetical side experimental
work is suggested with a view to securing data in regard to the
physical and economic attributes of indigenous species of stock
already existing in the Colonies with a view to their standardisation
and improvement. Attention is drawn to the need for investigation
into the prevalence and nature of those diseases of the skin which
reduce the ¢conomic value of hides and skins produced in the Colonies.
In the agricultural field the Council recommends further research on
virus diseases of tropical crops, on vegetative propagation under
tropical conditions and on Witchbroom disease of cacao. Compre-
hensive research, including botanical, chemical and cytological
investigation, is required in connection with the oil palm and coconut
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industries, as well as research on the production side of the sisal and
coffee industries within the Colonial Empire. Plants possessing
insecticidal properties should be studied, and further research into the
general methods of field experimentation, including the lay-out of
field experiments, the working up of results and their interpretation,
is still needed.

The five replies, read together, indicate a wide measure of agreement
in regard to the subjects most urgently requiring further research in
the general economic interests of the Empire ; and they provide a
useful and authoritative basis for the planning of joint programmes
of research to which, if financial conditions permitted, the Board
would have been ready to lend its assistance. It is interesting to
note that most of the fields of research mentioned in the replies have
been to some extent covered by grants made from the Empire
Marketing Fund.

BIOLOGICAL AND AGRICULTURAL SCIENCES

Development of Biological and Agricultural Departments of the
University of Cambridge
The Board’s third instalment of £10,000 in aid of the scheme for
the development of the Biological and Agricultural Departments
- agreed between the University of Cambridge and the International
Education Board of the Rockfeller Foundation was paid in March
of this year.

Work on the construction of the new Library started in October
and the building is expected to be completed by April, 1934. A
site for an Entomological Field Station was provided on the University
Farm and the building of the laboratory and insect houses is nearing
completion. The extension to the School of Agriculture has been
completed.

FOOD PRESERVATION AND LOW TEMPERATURE
RESEARCH

The Board has continued to support, during the year 1932-33, low
temperature research at Cambridge and at the Ditton Laboratory,
East Malling, and research into the preservation and transport of
fish at Aberdeen. A further grant has been approved in support
of this work till September, 1933. '
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Cambridge Low Temperature Research Station

Meat.—Work is being developed along five main lines: (i) the
state of the water in tissues; (il) the changes in the state of the
proteins during rigor and storage; (iii) spoilage due to the action
of micro-organisms; (iv) chemical changes in fats; and (v) the
changes in muscle pigments post mortem. During the past year,
knowledge obtained in each of these fields of work has been of
immediate value in attacking a number of applied problems.

Attention has been given particularly to the possibilities of extending
the life of chilled beef by storing it in atmospheres containing carbon
dioxide, and the various aspects of the problem have been dealt
with in a series of papers published in the Journal of the Society of
Chemical Industry. Broadly speaking, the laboratory experiments
indicate that in 10 or 20 per cent. carbon dioxide the storage-life of
the meat is about doubled. A report has also been written on the
storage of meat in small refrigerators. The most striking conclusion
is the importance of clean handling if the maximum storage-life is
to be realised. Other problems under examination include rapid
freezing, the changes during the storage of frozen meat, the storage
of ﬁ)oulfry in carbon dioxide and the ideal wrapping for foodstuffs
rich in fat.

Fruit and Vegetables.—Ethylene gas has been found to retard the
sgrouting of potatoes, and Ed%—trials are in progress to test whether
this discovery can be applied to stopping the sprouting of potatoes
stored in clamps during the spring. The effect of ethylene upon
the carbohydrate-metabolism and respiration has been further
explored.

The volatile substances given off by ripe apples have been found to
affect potatoes in the same way as ethylene gas. They have also
been found to have other remarkable effects, i.e. retarding and
inhibiting the germination and growth of seeds, accelerating the
ripening of apples by inducing an earlier climacteric, accelerating .
the ripening of tomatoes and bananas and the germination of fungal
spores in water. Ii effects they-simulate ethylene gas.

Scald in apples, of critical importance in gas-storage, is also
considered to be related to the accumulation of volatile substances

given off by ripening fruit. Scald can be controlled by the presence
near the fruit of mineral oils. Experimental analysis has shown
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that the amount, proximity and surface of oil (usually carried on
apple-wrappers) are of critical importance. Other experiments have
brought to light a hitherto unrecognised factor, i.e. that scald is
related to the rate at which the fruit loses water. Other things
being equal, more scald occurs under conditions of high humidity.

The continued study of the action of volatile substances and gases
upon the growth of mould-producing fungi has shown that no simple
classification of inhibitors by their action is at present possible.
The use of regulated amounts of ammonia gas in the atmosphere for
controlling rotting of fruits has given satisfactory results in the
. laboratory. Large-scale trials have been made during the year with
tomatoes and oranges which have brought to light difficulties in
commercial application. These are being investigated.

The respiration, heat-production and gas-storage of_bananas have
been studied, and a new method of regulating the gas-content of the
storage atmosphere has been worked out and tested on a small
scale. By this method, utilising the respiratory activity of the fruit,
low oxygen with low carbon dioxide can be obtained, i.e. the conditions
most suitable for bananas, '

The study of respiration and of chemical changes in cold-stored
apples and potatoes has been carried further. There appears to
accumulate at low temperatures an “ inhibitor ” which affects
respiration and may be closely related to the cause of low-temperature
‘breakdown, which is the most serious general limiting factor in
cold-storage practice.

In co-operation with the New Zealand Department of Scientific and
Industrial Research, investigations have shown that a large range of
varieties of apples investigated after transport will tolerate tempera-
tures as low as 28° F. and carbon dioxide up to 10 per cent. for long
periods without injury. The effect of transport upon quality and
wastage is being studied by the method of experimental shipments.

The study of changes occurring in fruit preserved in a frozen state
occupies considerable attention. Apples frozen and stored in air
at — 5° C. lose vitamin C quickly. To preserve the vitamins in the
presence of oxygen, temperatures below — 15° C. must be used.
The results of a series of practical trials in storage of various fruits
and vegetables at freezing temperatures have been published.
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Pork, Bacon and Hams.—Since practically all our imported bacon
is tank-cured, it has been suggested that it might be advisable for
the home industry to adopt the tank-cure instead of the more usual
dry-salt cure. A comparison of the two methods has, therefore, been
carried out. Two hundred sides of bacon.were followed through the
processes ; and on the average the tank-cured sides weighed 3 per
cent. more than the dry-salt cured sides before being smoked and
2 per cent. after being smoked. As regards taste, the dry-salt cured
bacon was preferable, being less salt and somewhat better flavoured.

Previous work has shown that mild-cured bacon cannot be kept
successfully for long periods in the frozen condition because the fat
tends to become rancid after defrosting. On the other hand, if the
bacon is stored at tem[ta)eratures above 0° C. (32° F.) it tends to suffer
from spoilage caused by the superficial growth of micro-organisms.
Curiously enough, the growth of micro-organisms actually prevents
the development of rancidity. Smoking retards the growth of micro-
organisms and the development of rancidity, and thus increases the
storage-life to such an extent that smoked mild-cured bacon could
be transported from Australia and New Zealand. Unfortunately,
the wholesale trade in this country is almost entirely confined to
unsmoked bacon while smoking must be carried out in this country
because the ‘ bloom ™ of smoked bacon is rapidly lost.

Unsmoked mild-cured bacon cannot be successfully transported
from New Zealand or Australia by ordinary commercial methods.
On the laboratory scale, however, the problem of prolonged storage
has been solved by the use of atmospheres of carbon dioxide. Whole
sides of bacon have been stored in special gas-tight containers for as
long as 18} weeks at 32° F. without showing any signs of rancidity
or spoilage caused by micro-organisms. Encouraging results have
also been obtained with pork stored in the same way. Further
experiments are in progress.

Biological Engineering.—In the section on biological engineering,
work is being continued on the factors governing evaporation of
water from fruits in cold storage ; the relation of rate of evaporation
to temperature and humidity has been rather fully worked out in the
case of the Bramley’s Seedling apple and the banana. The exchange
of water between pulp and peel in the ripening of the banana has
also been investigated.
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The evaporation data, together with measurements which have
simultaneously been made of the rate of heat-production, have been
used to calculate the humidity-equilibria in stacks of fruit in the
holds of ships and elsewhere.

Investigations have been commenced on the water relations of
grain and other seeds, and a study has been made of the nature and
effects of the volatile substance given off by ripe apples which so
markedly affects the germination and growth of certain seedlings.

Canning—The effect of citric acid on a considerable number of
themetals used in factory equipment has been studied, together with
the effect of their soluble salts on the red and purple colours of fruits.
It is unfortunate that the metals of tinplate alone affected these
colours adversely when present in quantities likely to be met with in
fruit products.

Evidence from practical tests is now available to show that the
inhibitor present in beet-sugar has an appreciable effect in reducing
the numbers of hydrogen-swells with canned fruit over a given period.
The inhibitor appears to be most effective with products of moderately
high acidity.

Results of practical interest have also been obtained in connection
with the cooling of cans. Prolonged cooling in water has been shown
to increase losses through fermentation, even with cans which have
passed the usual tests for leaks.

Experiments on the concentration and storage of orange-juice by .
freezing have shown that it is possible to obtain a product of excellent
colour and flavour. The presence of pectic compounds, however,
may cause the formation of a gel of pectic acid on standing at
ordinary temperature. Freezing experiments with fruits and vege-
tables have confirmed and extended previous results, and have
shown the possibility of establishing a new industry for frozen
products. '

Torry Research Station, Aberdeen

At this Research Station various problems connected with the
preservation, handling and utilisation of fish are being investigated.

The application of brine-freezing and low-temperature storage to
long-distance steam-trawlers (referred to in previous reports) has
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developed on practical lines, and designs, specifications and estimates
of cost for plant suitable for several types of fishing vessels have been
prepared for the information of the industry.

The research on smoke-curing has also led to the investigation of
design, and practical proposals have been made for the improvement
of both kilns and methods. '

The study of the fats and oils of fish has been continued and
extended. Besides information of medical and pharmacological
value, these investigations tend to a greater understanding of the
industrial possibilities of various types of fish oil.

An active extract has been prepared from livers of fish for the
treatment of pernicious anaemia. As the outcome of the work, the
production of this extract has been taken up commercially.

The sub-freezing temperature at which the rate of post-mortem
breakdown of carbohydrate in fish muscle is at the maximum has
now been ascertained.

The bacteriology of fish is being closely studied. The principal
flora associated with spoilage of ordinary white fish have now been
identified. Observations on the bacterial or inhibitive effect of
carbon dioxide have also been made.

Ditton Laboratory

Biological Engineering.—The second season’s observations in the
experimental hold were mostly devoted to a study of the grid-system
of refrigeration from the point of view of the distribution of tem-
perature inside the stack of fruit and of the factors governing the
transfer of heat from fruit to air and from air to cooling pipes. The
phenomena of heat-transfer were also studied in some detail during
the summer months in the empty hold, and the results were of
interest as providing evidence of the mutual screening effect of adjacent
pipes, which has an important bearing on the question of the optimal
pipe-density. Measurements of the biological constants—heat-pro-
duction, evaporation and gaseous exchange of the stack—have been
continued. The biological importance of small inequalities of
temperature inside the stack were further emphasised by a detailed
examination of the condition of the fruit at the time of discharge.
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Fruit and Vegetables.—A second series of experiments on the gas-
storage of English apples is in progress. The varieties under trial
are Monarch, Blenheim Orange, Worcester Pearmain and Cox’s
Orange Pippin. The gas-mixtures and temperatures are, with one
exception, the same as those used last season. Samples of fruit are
being gas-stored after various periods of storage in air (during which
their respiratory activity is being followed) in order to determine
whether susceptibility to injury from high concentrations of carbon
dioxide is related to the maturity of the fruit when it is placed in
gas-storage.

The uninsulated store with automatically controlled refrigeration
was successfully operated with a full load of fruit, with economic
results which seem to justify the further commercial exploitation of
this system in simple orchard cold-stores.

Imperial College of Tropical Agriculture, Trinidad

A conference to discuss the continuance of the work on the
transport and storage of bananas and other tropical fruits at the
Imperial College of Tropical Agriculture was convened by the Board
in July. This was attended by the Principal and Secretary of the
College, the Plant Pathologist, and representatives of the Royal
Botanic ‘Gardens, Kew, the Imperial Mycological Institute, -the
Cambridge Low Temperature Research Station, the Colonial Office
and the Board. On the recommendation of this conference the
Board has approved a further grant for continuing the work during
the first half of the current financial year.

A considerable demand has arisen for work on vegetable pro-
ducts grown in the tropics in addition to bananas; the main
reason for this is the development of trade between Canada and the
West Indies, fostered by a direct shipping line. In the past two
years large supplies of West Indian tomatoes have found a market
In Canada and this development has led the College to study the
question of transporting tomatoes for journeys of about 14 or 15
days. A report on this work has been published by the Board.*
Other problems concern W&_%%@%%vocados, grape-
fruit and oranges grown in the wet {ropics. e College is receiving
valuable help froin the Cambridge Low Temperature Research Station.

* " The Storage of Tropically Grown Tomatoes,” by Claude W. Wardlaw and
Laurence P. McGuire. E.M.B. 59, published by H.M, Stationery Office (price 1s.).
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Reference was made in last year’s Report to the value of the Trinidad
work on bananas to New Zealand in connection with the transport
of bananas from Samoa. A number of transport difficulties have
arisen in shipping bananas from Samoa to New Zealand and, as a
result of correspondence between the Secretary of the New Zealand
Department of Scientific and Industrial Research and the Principal
of the Trinidad College, arrangements have been made for the
banana experts to carry out storage trials in an effort to solve the
difficulties. The published results of the Trinidad work have also
been of value in Australia where co-operative investigations into the
ripening and transport of bananas have recently been undertaken.

A further report on the control of wastage in bananas has been
published during the year.*

ANIMAL HUSBANDRY

Research on the Mineral Content of Natural Pastures

The work on the mineral content of pastures during the year has
been, for the most part,.a continuation and extension of the work of
the previous years, with the main effort, as before, directed to the
application in practice of results previously obtained in research.

In Scotland the investigation of the influence of deficiencies in
pasture on the incidence of disease has been continued along the
lines previously indicated. Further data have been obtained from
large groups of sheep kept under natural conditions and from experi-
mental groups housed under uniform conditions and kept under
close observation with a view to checking any correlation between
the composition of the pastures, the chemical composition of the
blood, the immunological reaction of the blood and the susceptibility
to disease. This work has been extended by the inclusion of balance
experiments designed to determine (i) the mineral requirements of
breeding ewes at different periods during the annual cycle, and (ii) the
most suitable form in which to supply certain mineral supplements.
Some of this work has been described recently by Dr. Orr and Dr.
Fraser (Trans. Highland and Agric. Soc., 1932).

* * Control of Wastage in Bananas, with special reference to Time and Temperature
Factors,” by Claude W. Wardlaw and Laurence P. McGuire. E.M.B. 60, published
by H.M, Stationery Office (price 1s.).
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In Australia, at the Waite Institute, University of Adelaide,
interesting results, from the point of view of pasture management
in arid regions, have been obtained in a study of the factors
affecting yield and ' composition of a perennial grass, Phalaris
tuberosa. The total nitrogen, phosphate and potash contents of the
dried herbage, which were very high in the early stages of growth,
fell steadily to a minimum at the mature stage. In the case of the
nitrogen and phosphate this was due to downward migration to the
basal internodes and root system, but for potash there was a sub-
stantial and actual loss (27-8 per cent. of the total intake) which
must be regarded as a migration from the plant to the soil. No loss
of lime or soda occurred either from the herbage or the entire plant.
The yield of nutrients per litre of water transpired was greatly
increased by severity of cutting, the high increases of nitrogen and
phosphate thus obtained being significant in areas of low and uncertain
rainfall. Taking into account the permanence of the plant in an arid
region, the yields of dry matter and nutrients, and the conservation
of water in relation to nutrients, a system of three cuts per annum
applied to this grass would probably give optimum results.

- In New Zealand, under the direction of the Department of
Agriculture and the Department of Scientific and Industrial
Research, considerable further attention has been paid to the
~iron problem in relation to “bush-sickness.” A wide range of
plant specimens has been analysed for iron content and the results
correlated with the available iron in the soil. The soils, from localities
definitely associated with bush-sickness, gave comparatively low
figures for available iron. As a result of work on non-volcanic soils
and their pastures, however, it is pointed out that it does not
necessarily follow that a low iron content of the soil is itself responsible
for the appearance of bush-sickness. The results of certain pot
experiments show that plants have no difficulty in obtaining a supply
of iron for their tissues and that fertiliser treatment has little effect
so far as the percentage of iron is concerned. Crop weight is likely
to be affected by deficiency of iron in the soil more than is the
percentage of iron contained in the crop. Attention has been drawn
to the use of limonite as a source of iron for feeding to stock and it
has been found to be quite as satisfactory as iron and ammonium
citrate. It can be made up as a lick with salt and is less costly.

Work has been started on factors influencing the organic and
inorganic sulphur content of mixed pasture and certain individual
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species. The percentage of both forms of sulphur tends to be higher
in the plant during periods of rapid growth. Ryegrass is richer than
clover in total and inorganic sulphur but clover has a higher content
of organic sulphur.

In connection with an investigation on bovine eclampsia analysis
of pasture samples from affected and unaffected farms in one area
showed no difference with reference to nitrogen, calcium or phosphorus
content, nor in the amounts of nitrate present.

Dr. Orr, Director of the Rowett Research Institute, Aberdeen,
recently suggested to the Empire Marketing Board that the results
of pasture investigations, which have been carried out in different
parts of the Empire with the aid of grants from the Board, should be
brought together and reviewed in a form convenient for the use of
bodies and persons who are responsible for applying the information
to local conditions and bringing it into general practice. This
%oposal was discussed between Dr. Orr, Professor Stapledon of the

elsh Plant Breeding Station, and Professor Richardson of the
Waite Institute, University of Adelaide. As a result Dr. Orr and
Professor Stapledon have agreed to co-operate in preparing this
report with the help of collaborators in oversea Empire countries
and the Imperial Bureaux of Animal Nutrition and Plant Genetics.

ANIMAL HEALTH

Parasitological Research in Canada

Last year’s report referred to a decision of the Board to share with
the National Research Council of Canada the cost of maintaining an
Institute of Helminthology at Macdonald College, McGill University,
qut;fal, for the investigation of parasitic diseases of domestic
animals.

The Laboratory buildings have been completed and equipped during
the year with funds provided by the Quebec Government. Dr.
T. W. M. Cameron, formerly of Edinburgh University, has been
appointed Director of the Institute and work started on the 1st April,
1932. The establishment of the Institute has been welcomed by
agricultural and lay opinion in Canada.

The administration of the work is under the control of a specially
appointed Associate Committee on Parasitology of the National
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Research Council, of which Dr. H. M. Tory, President of the Council,
is Chairman. At its third meeting the Committee had under considera-
tion the steps which should be taken to ensure that the Board was
kept fully informed of the activities of the Institute and it was
agreed that Dr. R. T. Leiper, Director of the Imperial Bureau of
Agricultural Parasitology in the United Kingdom, should be
appointed a member of the Committee as a nominee of the Empire
Marketing Board.

The Institute is beginning its work with a survey of the parasites
in the Dominion and is investigating the control and life histories
of some of the more important species. The first investigations will
be concerned with parasitic diseases of sheep, pigs and poultry.
The Director has already been in touch with interested persons in
the West Indies and has offered assistance in diagnoses and advice
in connection with their parasitic problems.

Animal Health Research in Australia

Good progress is being made with the scheme for animal health
research in Australia, which, as stated in last year’s report, consists
of two programmes, one dealing with diseases affecting the sheep
raising industry, and the other with diseases affecting the cattle
industry in Northern Australia.

As regards sheep diseases, investigations completed deal with black
disease and braxy-like disease of sheep, both of which cause great
losses. Effective vaccines have beenm developed and have given
excellent results. In each case the formula has been handed over to
the Commonwealth Serum Laboratories. Several species of internal
parasites, hitherto unrecognised, have been discovered particularly
in regard to fluke infestation and stomach parasites, and improved
preventive measures have been applied with outstanding success
in many districts. The results of studies of “ pulpy kidney ” in
Jambs and of caseous lymphadenitis of sheep have been published,
and work is under way on foot rot of sheep.

As regards cattle diseases, an Advisory Committee has been
appointed during the past year to advise the Commonwealth Council
for Scientific and Industrial Research in regard to the conduct of
researches at the Townsville Laboratory in Queensland. This
Committee is composed of representatives of the Council for Scientific
and Industrial Research, the State Government of Queensland, the
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Graziers’ Association, and the Council of Agriculture. It has been
" decided to concentrate research in the early.years on problems
associated with ticks and tick fever, pleuro-pneumonia, tuberculosis,
and “ peg-leg ”’ disease, but, in periods of low incidence or as the
occasion offers, due attention will be given to other problems forming
Jg‘a.rf: of the Laboratory’s programme. One of the workers at the

aboratory, Dr. Legg, has been sent to South Africa to study
developments which have taken place, particularly in regard to ticks
and tick-bome diseases, at the Onderstepoort Veterinary Research
Station. Field work on ‘‘ peg-leg ** disease has been assisted by the
establishment of a small field station which certain cattle interests in
Queensland have combined to equip and manage.

Onderstepoort Veterinary Research Station, South Africa

Library Building—This building, which was completed during the
early part of 1932, was equipped and occupied during the latter part
of the year and was formally opened by His Excellency the Governor-
General of the Union of South Africa, The Earl of Clarendon, on the
12th October, 1932. Since its completion this building has proved
;o be a most valuable addition to the Onderstepoort Research

nstitute. :

The Work of the Research Fellows.—Mr. R. A. Alexander, B.Sc.,
B.V.Sc., the Research Fellow appointed to undertake researches on
virus diseases and tissue culture, was occupied through the year
with research on the following virus diseases: Bluetongue, Louping
IIL* Horsesickness,t Rabies, Heartwater, and has continued his
studies of tissue culture. He succeeded in transmitting Louping III
by the African tick Rhipicephalus appendiculatus, and achieved
results of considerable importance in transmitting African Horse-
sickness to mice and guinea-pigs. This will enable work to be greatly
increased in many directions, .and it has already been possible to
demonstrate the existence of at least three separate strains of the
Horsesickness virus, differing with respect to immunity.

Preliminary work has shown that it is possible to maintain the
neurotropic strain of horsesickness virus in tissue culture in

* See * The Transmission of Louping Ill by R. appendiculatus’ in collaboration
with W. O. Neitz, to appear in Veterinary Journal now in press.

t Preliminary note on the infection of mice and guinea-pigs with the virus of
Horsesickness. ~ Journal of South African Vet. Med. Assn., 4, 1, 1-9.
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Maitlands medium. It is hoped to place this phase of the work
on a routine basis so as to commence the study of the propagation
of the virus in a cell per medium.

Mr. J. H. Mason, M.R.C.V.S,, holder of the Fellowship for
bacteriological and physiological research bearing on the health of
stock animals, particularly ruminants, has continued his studies of
intestinal flora of sheep. The work has made considerable progress,
but the main result so far has been the demonstration of the
comparative rarity of pathogenic or toxigenic bacteria. Only one
form of undoubted pathogenicity (B. welchis) has yet been encoun-
tered, and no cellulose-splitting organism has been found. Improved
methods for the cultivation of anaerobes are being studied, and a
method of isolating single bacterial cells has been worked out (an
adaptation of Fortner’s well known micro-plate technique). An
electrically heated apparatus for making micro-pipettes has been
devised. This device has greatly simplified the micro-technique
and a description of it has been published.*

The work of Dr. C. Rimington, holder of the Fellowship for the
chemical investigation of poisonous plants, can be summarised as
follows :—

The isolation and chemical characterisation of the toxic prin-
ciples of Cucumis species has been successfully concluded. Work
upon Geigeria passerinoides and Dichapetalum cymosum still con-
tinues, whilst another plant, Psilocaulon absimile, has been
investigated and two separate poisonous principles identified.
The investigations upon this plant are in the last stages of
completion.

The greater portion of the time, however, has been allotted to
a study of the disease *‘ Geeldikkop *’ or *‘ Yellow-thick-head,”
as a cause of which the plant Tribulus sp. has been incriminated
by various observers. A lethal factor present in the press-juice
or watery extracts of the plant has been traced to the formation
of a toxic substance by an enzymic system in the plant. This

factor may or may not figure in the development of the typical
disease.

* Zentralblat {. Bakt,
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Other investigations have been upon more physiological lines
in an endeavour to ascertain the cause of the icterus and photo-
sensitivity seen in affected animals. Already results of far-
reaching importance are being obtained.*

Mineral Survey Work.—This work, which has been conducted under
the direction of Dr. A. I. Malan, has extended very appreciably
during the last year. The original object of the work as set forth
in last year’s Report still holds good. Several additions and exten-
sions of the methods employed have, however, been made. Plots of
a number of indigenous grasses have been established for the study
of the change in the mineral composition of grasses with stage of
growth and soil composition. Whereas grass samples were being sent
in from only forty areas in 1931 the number has now increased to
E‘L}Jproximately 200, distributed as uniformly as possible over the

nion of South Africa. The survey from blood analyses has developed
into a continual survey instead of a seasonal one.

These changes, modifications and extensions, while greatly in-
creasing the number of analyses which have to be made, give the
investigation a much wider field as it sets forth an attempt to study
a very important problem in all pastoral countries on a sufficiently
broad basis to make the results significant. The first report on this
work has been published.t A further report is in preparation at
present and will appear towards the end of this year.

The work on the relation between the iodine content of foodstuffs
and the incidence of goitre in several localities in the Union is
progressing favourably and a report upon this work is now in the press.

Work on Dips and Dipping—Steady progress over the period
under review has been maintained in this work which is under the
general direction of Dr. H. Graf. Most time was devoted to lime-
sulphur solutions as dips, several aspects being investigated and
three reports being published.} '

_® Pyblications : Isolation and Chemical Examination of the Poisonous Principles
of Dimorphotheca spectabilis Schltr, and Dimorphotheca Zeyheri Sond. 18th Report of
the Director of Vely. Serv. & Anim. Indust., Union -of South Africa, August, 1932.

t “ A Study of the Mineral Content and Feeding Value of Natural Pastures in the
Union of South Africa.” 18th Report of the Director of Veterinary Services and
Animal Industry, Union of South Africa, August, 1932.

- § Lime-Sulphur Dips :—(i) General Introduction ; (ii) A new Laboratory Method
of Chemical Analysis; (iii) A Preliminary Study of a Colorimetric Method as a rapid
Means of Control of Polysulphide Solutions. 18th Report of the Director of Veterinary
Services and Animal Industry, Union of South Africa, August, 1932,
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Further research work has been conducted, the scope of which
is summarised in further papers ready for publication.

These reports are the outcome of the work done on the various
points of the 1932-33 programme and give an accurate summary of
all the investigations undertaken. ‘At present the energies of the
researchers are being concentrated on the following points :—(i) The
adaptation of the new calorimetric method for field testing pur-
poses ; (ii) a continuation of and closer study of the effects of dips
on wool; (iii) the effect of suint on dips; (iv) the via media of
destruction of ticks by arsenical solutions; and (v) the effect of
ingested arsenic on wool, a problem in which already a considerable
amount of work has been done.

If facilities can be made available it is the intention to study what
effect micro-organisms exert on the dipping fluids exposed in tanks.
This aspect may produce interesting data in explanation of changes
occurring in exposed dips. ‘

Helminthological Problems.—Dr. R. J. Ortlepp continued his
investigations during the year on the life histories of Moniezia
and Gaigeria, on poultry parasites and the helminth parasites of
wild fauna, and .on the effects of lime on the development of
helminth larvae in the field. An experiment is proceeding to see
whether sheep can naturally become infected with helminths of
antelopes.

Tsetse Fly Investigations.—This work is carried out under consider-
able difficulties in the Tsetse Fly Belt of Zululand. Mr. A. B. Whitnall,
M.Sc., has conducted a series of very interesting investigations on the
problem of the transmission of Nagana by means of ordinary biting
gilis. He also made a careful study of the infection as it occurs in

ssina.* )

Mr. Whitnall has also studied in conjunction with Mr. R. H.
Harris the problem of the flagellate infection of plants and the
possibility of transmitting these parasites to Tsetse flies. A report
on this subject will be published shortly.

* See 18th Report of the Director of Veterinary Services and Animal Industry,
Union of South Africa, August, 1932.
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Preliminary Survey in connection with the Immunisation of Cattle
against Redwater and Anaplasmosis

In June, 1932, the Board, on the recommendation of the Colonial
Advisory Council of Agriculture and Animal Health and the Director
of the Onderstepoort Veterinary Research Laboratory in South
Africa, made a grant for the carrying out of a preliminary survey in
connection with a scheme of immunisation of cattle against Redwater
and Anaplasmosis. Although a method of immunisation is known, its
application entails the maintenance of selected parasites under tick-
free conditions, Of the Colonies concerned facilities for such mainten-
ance exist only in Kenya. If immunisation were carried out in
the United Kingdom, improved stock could be introduced into
Colonies where this has hitherto been impossible. The maintenance
of parasites under tick-free conditions could be carried out in this
country; but, before a general scheme of immunisation can be drawn
up, a preliminary survey of the various strains is necessary since the
parasites of different Colonies manifest some divergence. The
Ministry of Agriculture have agreed to tests being carried out at the
Veterinary Research Laboratory at Weybridge and the scheme has
been drawn up in consultation with the Director of the Laboratory.

Appointment of Biochemist at the Velerinary Research Laboratory
of the Minmastry of Agriculture and Fisheries at Weybridge

A grant was approved by the Board in June, 1932, for the appoint-
ment for one year as from the 1st October, 1932, of Dr. H. H. Green
as Biochemist at the Veterinary Research Laboratory of the Ministry
of Agriculture and Fisheries at Weybridge.

Three major problems of importance both to this country and other
parts of the Empire, viz. contagious abortion of cattle, fowl paralysis
" and coccidiosis of poultry, which are being investigated at Weybridge,
urgently required the co-operation of a chemist with the type of
training and experience possessed by Dr. Green.

WOOL.

Wool Industries Research Association, Leeds

Wool Production.—As a sequel to the work carried out in previous
years and the conclusion of the Empire Wool Survey, biological
studies have been prosecuted under three main categories to
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determine :—(i) the conditions under which different types of sheep
are maintained, (ii) the kinds of wool produced under these conditions,
and (iii) the effects of changes in environment upon fleece characters.

The first group of problems includes the various aspects of sheep
ecology and distribution ; the second embraces the distribution of
wool types and the study of the variability of fleece characters in
ordinary circumstances as a preliminary to the attack upon the third
category, within the scope of which are included investigations on the
inheritance of wool characters, and breed inter-crosses involving
altered environment. The study of factors influencing the distribution
of the various breeds in the British Isles has been studied more
especially in relation to the analysis of climatic conditions. By
comparison ‘of the hythergraphs for a breed in its native localities
with those of other districts and countries, the probability of successful
introduction or dispersion of that breed into other climates has been
estimated in several cases.

A method of assessing the flexibility of a breed in respect of adapta-
tion to novel climatic conditions has been proposed, and a report
presented covering these points. Work is also proceeding upon a
study of the distribution of sheep types in Australia, and environ-

-mental conditions such as rainfall, vegetation and geological formation
have been considered for several countries preparatory to investigation
of the possible associations of sheep with such influences of habitat.

Information on wool types in New South Wales has been collated
and mapped to allow correlation with sheep maps, etc. For the same
purpose maps have been constructed to show fleece weights, quality
and shrinkage in the United States of America. These will shortly
be published.

Material collected during the Empire Survey has been analysed
from various aspects, in particular Riverina Stud Merino wools
have been examined to determine the nature and amount of lock to
lock variation and fibre length, fineness and crimps per fibre.

The effects of general environment on wool growth have been
investigated in the case of an unusual sample from New South Wales,
Sudden changes in quality along the staple have enabled comparison
to be made between fibre length increase, fineness and fibre volume
in the several stages of growth.
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The inheritance of wool characters in half-bred sheep has been
followed, and has involved the detailed examination of wool of
representatives of the parental breeds and the first and second
hybrid generations. Further evidence of a multiple factor basis
of fleece inheritance has emerged. A report upon a cross of Border
Leicester and Cheviot sheep is now ready for publication.

Professor J. E. Duerden, lately Director of Wool Research, Union
of South Africa, has been afforded facilities for carrying out work upon
the phylogeny of the fleece in the Association’s laboratories. The
Australian Commonwealth Council for Scientific and Industrial
Research has deputed a scientific officer to study in the biochemical
laboratories at Torridon the chemistry of wool in connection with
blow-fly problems.

In the wool fibre department work has been continued upon the
technique of measurement and assessment of fibre attributes in
relation to mechanical processes of industrial manipulation. The
results obtained previously for wool quality values are proving to be
in good agreement with trade practice. A study of crimp and twist
in fibres in relation to follicle activity and causes of formation is
leading to interesting results, many of which have been published
during the year.

Wool Packs.—The search for a suitable medium for the manufacture
of wool packs free from surface hairs which might penetrate into
the wool has continued. The continuation of the earlier work upon
paper packs was temporarily postponed in order to consider the
possibility of rendering ordinary jute packs innocuous by means of
suitable impregnation. Cellulose and rubber treated packs have
been sent to Australia and returned filled with wool. Whilst
considerable progress was attained, there remain many factors to be
further considered. The question seems to be largely resolving
itself into one of economics, since an increase in the price of the
paek must, if at all necessary, be very small. This proviso limits
the field of activity greatly, but it is hoped that this year the Dominion
tests will again indicate a considerable amount of further progress
towards the attainment of the object in View.

Biochemistry.—The study of the sulphur content of wool in relation
to production, i.e. diet, environment, nutrition, etc., and the natural
corollary of variation in response to manufacturing processing,

3



has been elucidated further. The variation in the sulphur (and
cystine) content of wool keratin has been confirmed by a further
series of experiments, and its relation to some fibre characteristics
established. A scheme for the isolation and estimation of individual
amino acids in wool keratin is being worked out, and the acids deter-
mined quantitatively.

Wool Fibre Research Committee—The Wool Fibre Research
Committee has continued its activities. In conjunction with the
British Wool Federation, representative samples of various qualities of
New Zealand wools have been selected as typical standards and
submitted to New Zealand. An exhaustive analysis of Basuto wools
has been made, a memorandum has been submitted on the classifi-
cation of Natal wools, and reports have been furnished on wools from
Bihar and Orissa, Iraq and Syria.

DAIRYING

Studies on Cheese-Ripening

For the three years ended the 31st March, 1932, a fund provided
jointly by the Empire Marketing Board and the University of British
Columbia enabled Professor. Wilfrid Sadler and Dr. Blythe Eagles to
undertake studies of cheese-ripening processes and on the lactic acid
bacteria. The work done on the proteins and the lactic acid bacteria
has thrown light on the nutrition of these bacteria, and on the
influence on their nutrition of certain vitamin-bearing substances,
and several hypotheses as to the possible relation between the
ripening process and the nutritional value of cheese have suggested
themselves. Some of the results of the studies have been published.*

The work was temporarily suspended during 1932 as the University
of British Columbia found 1t impossible to share with the Board the
cost of a further year’s continuance. The National Research Council
of Canada has, however, now authorised a contribution to the work
on a 50/50 basis with the Board. The result is that work was resumed
as from the Ist February, 1933, and is provided for to the end of
September.

* Eagles and Sadler, 1931 : Nature, 127, 705, Eagles and Sadler, 1932: J. Dairy
Research, 3, 227. Eagles and Sadler, 1932: Nature, 130, 278. Eagles and Sadler,
1932: Canadian J. Research, 7,364. Sadler, Eagles and Pendray, 1932 : Canadian J.
Research, 7, 370. Sadler, Eagles and Pendray, 1932: Biochem. J., 26, 1532.
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" Openness " in Cheese

The investigation into the problem of * openness ” of texture in
cheese, which has been in progress at the New Zealand Dairy Research
Institute since April, 1931, with a grant from the Board, has been
continued during the year. Intensive investigation into this and
other problems, such as discoloration in cheese, has shown the need,
as in many other fields of research, for organising the attack along
both fundamental and applied lines.

Many factors influence the defect of * openness ”” which has three
distinct types, two of which are generally associated with other
defects in quality and the third, to a limited extent, with cheese of
finest quality. It has been shown that the trouble may be attributed
to or aggravated by any or all of the following conditions :—Jow
grade milk, inactive starters, faults in manufacture, the aim for
excessively high yields, undue hastening of the manufacturing process,
excessively high curing-room temperatures, and the sale of cheese
before it is properly matured. Fundamental studies on the bacteri-
ological and chemical aspects of these problems are being pressed
forward and laboratory work is being co-ordinated with the manu-
facture of cheese in the experimental dairy factory. Close contact
is being maintained with the related work on cheese ripening pro-
cesses being carried out by Professor Sadler and Dr. Blythe Eagles
at the University of British Columbia.

The fundamental work is proving of value not only in the solution

of specific problems but as a contribution to the wider problem of
efficient cheese manufacture in all producing countries.

Study of Tuberculous Infection of Milk

This study, designed to ascertain the extent of infection of the milk
supply of Scotland and, in particular, the relative degree of infection
of milk from different localities and of milk treated by different
processes, has been completed. The results are of a conclusive
and significant character and provide authoritative evidence which
should be of considerable value to Public Health and Agricultural
Authorities concerned with the application of control measures. A
full report has been prepared for publication.

The Condensing and Drying of Milk and Milk Residues

Reference was made in the Annual Report for 1929-30 to a
detailed and exhaustive search of the literature on the condensing and
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drying of milk and milk residues which was being undertaken by the
Hannah Dairy Research Institute with a grant from the Board.
This, it was mentioned, would supplement the Report on “ Surplus
Milk and Milk Residues ” prepared by Mr. A. Macneilage and issued
in 1929 as Bulletin No. 1 of the Institute.

This work was completed during 1932 and two comprehensive
reports have been published. The first,* by Dr. L. A. Allen, surveys
the literature relating to the chemical, bacteriological and nutritional
aspects of condensing and drying of milk and milk by-products ; and
it draws attention to the more important gaps in existing knowledge
and the most profitable lines along which future research might be
developed. The second report,f by Dr. A. W. Scott, reviews the
engineering aspects of the condensing and drying of milk. These
reports have been circulated to all oversea Empire countries interested.
They have been found of considerable value to South Africa, where
the drying and condensing of milk is now firmly established, to
Jamaica where interest is being takemn in the question of producing
condensed milk in the Colony, and to Kenya where creameries have
been developed which may not be able to absorb the increasing
quantity of milk produced in the Colony. Enquiries have also been
received from Canada, Australia, New Zealand and India.

. In addition to the full report, Dr. Allen collected a good deal of

useful information on the subject of the mineral constituents and
citric acid content of milk. This section of his work has been
published separately in the Journal of Dairy Research.}

Bacteriological technique of Milk examination

The Annual Report for 1930-31 referred to a grant to the London
School of Hygiene and Tropical Medicine for an investigation into
the bacteriological technique of milk examination.

The investigation started in October, 1931, and considerable
progress has been made, one of the most important developments

* *““ The Properties of Milk in Relation to the Condensing and Drying of Whole
Milk, Separated Milk and Whey,” by L. A. Allen, M.Sc., Ph.D. Bulletin No. 3 of the
Hannah Dairy Research Institute (price 4s. 64., post free 4s. 94.).

1 “ The Engineering Aspects of the Condensing and Drying of Milk,” by A. W.
Scott, B.Sc., Ph.D., AM.I.Mech.E. Bulletin No. 4 of the Hannah Dairy Research
Institute (price 4s. 6d., post free 4s. 94.).

1 The Journal of Dairy Research, Vol. II1, No. 1, December, 1931.
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being the devising of a new medium, which has given very promising
results both at the London School of Hygiene and Tropical Medicine
and at the National Institute for Research in Dairying at Reading.
The errors of a number of steps in the plate counting technique have
been measured, such as those concerning pipettes, diluents, method
of making dilutions, and duplicate counting of plates. Two experiments
made on a fairly large scale with several workers have shown that
one of the most serious errors in the whole technique is due to the
difficulty in counting colonies which are so small as to be on the
borderline of resolution by the naked eye. Counting identically the
same plates under the same conditions, different workers, all highly
experienced, obtained results not infrequently differing by over
100 per cent. The possible methods of diminishing this error have
been discussed. Extremely interesting results have been obtained
by the analysis of data, submitted by the National Institute for
Research in Dairying, concerning the information afforded by the
use of the plate count, the coli count, and the methylene blue reductase
test in predicting the keeping quality of the milk. A second analysis
is now in progress to determine the errors of the plate counting
technique when performed by the Ministry of Agriculture’s method.
The preliminary results indicate that, when duplicate analyses are
made of the same milk by two skilled workers at the same time, the
results obtained might differ by as much as 60 per cent.

With regard to the methylene blue reductase test it has been found
that the present method of performing it is open to serious error.
During the progress of the test the cream tended to rise and to carry
with it a large proportion of the organisms in the milk, with the result
that the reduction time was unduly prolonged. By fitting the tubes
with sterile rubber corks and inverting them every thirty minutes,
much more satisfactory results have been obtained. It is apparent,
however, that before the real value of the method can be determined,
it is necessary to study the mechanism of the reduction more
thoroughly. With this end in view an electrical apparatus for the
measurement of oxidation-reduction potentials has been constructed
and it is hoped shortly to be able to study the actual alterations in
Eh that occur during the multiplication of bacteria in milk.

Standardisation of Volumetric Glassware used for Testing Milk and
Milk Products

The Sub-Committee of the Dairy Research Committee which is

dealing with this question has continued its work during the year
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and good progress has been made. At a recent meeting the Sub-
Committee had the opportunity of meeting one of the Butter In-
structors attached to the Dairy Division in New Zealand, and a useful
interchange of views regarding Babcock Cream Test Bottles took

place.

The Sub-Committee has completed its draft standard specifications
for glassware used in the Gerber, Babcock and Leffmann-Beam tests,
and also its draft standard directions for determining the percentage
of fat in milk and milk products using the proposed standard
apparatus. Sample apparatus for the Gerber and Babcock methods,
made in accordance with the proposed standard specifications, has
been obtained, tested at the National Physical Laboratory for
conformity with the specifications, and distributed to certain members
of the Sub-Committee for trial and comparison with a gravimetric
method. These trials involve a large amount of experimental work
and are not yet quite complete. The results so far available are,
however, very promising. Similar trials with the Leffmann-Beam
apparatus will be carried out when the present series of experiments
with the other methods is completed.

In addition to the determination of the percentage of fat in cream
and cheese with special Gerber butyrometers designed for this
- purpose the Sub-Committee is trying out alternative methods em-
ploying the ordinary Gerber milk butyrometer.

Preliminary consideration has been given to the preparation of a
standard specification for a lactometer. Examination of a number of
typical lactometers in current use has shewn that, for most of them,
the changes in their readings occasioned by changes of surface tension
are incompatible with the degree of accuracy required of the instru-
ments. The Sub-Committee hopes to proceed in the near future
with the design of a standard lactometer paying due attention to
surface tension effects.

POULTRY
Research on the Scientific Feeding of Poultry at the Poultry Nutrition
Section, Animal Nutrition Institute, University of Cambridge

At the request of the Imperial Institute, the possible use of palm oil
as a mutton fat substitute in fattening hens received attention.
The results have proved favourable to the use of this material in
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fattening rations, neither the quality of the carcase, its palatability
nor flavour being adversely affected. (See Bulletin of the Imperial
Institute, 1933, 30, 312.)

The technique evolved for the study of fat metabolism of the bird
has already yielded results of importance, both from the fundamental
and practical points of view. It has been ascertained that the
composition of the body fat of birds can be modified by the nature
of the fatty fraction of the food material. The character and quality
of birds intended for table can, therefore, be materially influenced
by the nature of the fat included in the food, and by choice of suitable
fats a poultry keeper is thus enabled to modify the character of the
carcase produced in any direction he wishes.

It has further been ascertained that the nature and composition
of the fat in egg yolk can also be affected by the nature of the fats
included in the food material, but the effect on the yolk fat is more
selective than in the case of body fat. Inclusion of fats of the
saturated fatty acid type (palm kernel oil and palm oil) do not markedly
affect the composition of the yolk fat. On the other hand, fats of
the unsaturated fatty acid types do. Apart from the possible effects
these induced changes in composition of yolk fat may have upon
technical processes in industry where egg oil is used, its physiological
significance needs investigation. The fats in the yolk play an
important part in the energy metabolism of the developing embryo,
and any change in the chemical characteristics of such fat may
conceivably influence the hatchability of the egg and the viability
of the chick produced. It is intended to devote attention to this
latter problem as soon as suitable material is available for this

purpose.

Poultry Nutrition Research at the Rowett Research Institute, Aberdeen,
and the Hillsborough Experimental Station, Northern Ireland

The results of large scale experiments, where birds have access to
good grass and clover runs, are applicable to the general commercial
poultry keeper, and investigations of this type have been carried out
in the studies of growth and egg production. Under these conditions,
of the mineral supplements tested, common salt has given the best
results for both chickens and pullets, the sodium being apparently
the important factor. The best percentage of salt to use is being
studied, as also is the effect of salt on egg production where the runs
are kept free of grass.
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Under range conditions it is found unnecessary to have a high
percentage of protein in the mash for hens, and the minimum amount
required is being investigated.

In growth experiments, from a comparison of cereal rations with
soya bean meal as the protein supplement and earlier rations con-
taming milk, it would appear that the greatest benefit of milk is
during the first three months of growth. It was also previously
thought unnecessary to add minerals to a cereal ration containing
milk, but from further work it would appear that salt does improve
this ration, especially during early growth.

The effect of different times of hatching on growth and egg
production have been studied. While early hatched birds laid
somewhat earlier than those hatched later, the most profitable time
of hatching appears to be between the middle of March and the
middle of April. '

Most of these experiments have been planned jointly and done
both at the Hillsborough Station and at the Rowett Research
Institute.

Other work, at Aberdeen, on the physiology of nutrition of the
 fowl is as follows. Experiments are being carried out to show the
effect of vitamin D on the mineral metabolism of cocks and pullets.
Blood analyses have shown that large doses of the vitamin affect the
serum Ca and the phosphatase of the plasma. The latter appears
to be high in birds laying a large number of soft shelled eggs, and in
those birds which are not laying due to a deficiency of vitamin D or
minerals. Ill effects of over-dosage of witamin D appear to be
different in the two sexes, owing possibly to the fact that when a
hen is laying, the serum Ca will ordinarily rise to two or three times
the normal non-laying level.

In continuation of the work on the carbohydrate metabolism of
the fowl, it has been shown that the absorption and utilization of the
simple sugars in the chicken differs somewhat from that found in the
rat. The absorption of glucose is very rapid, and, unlike thatin the
rat, does not remain constant while there is still sugar to be absorbed.
The results of some studies on digestion and absorption have been
published. Work on the respiratory metabolism of the fowl is also
in progress, with a view fo elucidating further some questions
regarding the utilization of carbohydrates.
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At the request of the Northern Ireland Egg Trade the Hillsborough
Station, in conjunction with technical officers of the Ministry of
Agriculture for Northern Ireland, has devoted considerable time to
an effort to solve the problem of “ watery whites” in eggs—a
problem which has given rise to much difficulty in the trade and
considerable loss to producers. Over a period of two years a number
of factors, including the liability of various breeds to produce ‘“ watery
whites,” the system of management, e.g. free range versus semi-
intensive, low versus high feeding, etc., have been examined. None of
these factors appears to be responsible to any appreciable extent for
the condition known as “ watery white.” In the course of the
investigation it was necessary to bring eggs by road a distance of
18 miles to the Hillsborough Station. All these eggs had been
packed broad end (air cell) down and in spite of the fact that the
eggs were only 24 hours old they showed on testing a remarkably
high proportion of * watery whites.” This clue has been followed
up by sending consignments of eggs, half packed broad end up and
half packed broad end down, on journeys by motor lorry and train,
and across to markets in England. The results confirm previous
indications and a report is in course of publication. The Ministry of
Agriculture for Northern Ireland is now exploring this problem
further through all phases of the egg trade and has communicated
the results to the English Ministry of Agriculture and Fisheries and
invited their co-operation. A further interesting fact has emerged
from this investigation, namely, that if the vibration and jolting
received in transit has not been excessive the condition known
as ‘ watery white ”’ will disappear in a few hours if, after receipt at
the packing house, the “ggs are stored broad end up.

Investigations into the Production and Marketing of Table Pouliry,
Eggs, etc., at the Harper Adams Agricultural College
Table Poultry.—From experiments carried out with table chickens
at the National Institute of Poultry Husbandry, the following
conclusions were drawn :—

(i) That slipped tendons and allied leg disorders in battery-
reared chicks i1s due to an improper balance of calcium and
phosphorus in the food; (ii) that with proper feeding and
management battery-reared birds gave as good growth results
as floor-brooded chicks; and (iii) that in confirmation of the
observations made at the Hillsborough Experimental Station,
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Northern Ireland, chickens fed on very good rations leave little
scope for an intensive period of fattening. Further experiments
are in progress to determine the most economic methods of
rearing and fattening chickens.

Ducks.—Meat and bone meal has proved as valuable a supplement
as the more expensive fish meal in laying rations. Further trials are
in progress with soya bean meal and the more expensive animal
proteins for egg production.

Turkey Production.—Intensive methods of rearing turkeys have
given very satisfactory results in growth, and a marked reduction in
the incidence of blackhead disease.

Egg Quality Studies—In a survey of all eggs produced on the
Institute plant no correlation could be traced between the quality
of egg-white and the character of the different rations fed. Some
evidence was obtained that quality of egg white is more specifically
?n individual characteristic than a condition induced by nutritional
actors.

Quality in Eggs and the Effect of Dietary Factors on Hatching Capacity.

‘The Annual Report for 1929-30 referred to a five years’ grant to the
- Ontario Agricultural College, Guelph, in aid of a study of quality
in eggs and the effect of dietary factors on the hatching capacity of
eggs. This study was planned as the result of a visit to the United
Kingdom of Professor W. R. Graham, Professor of Poultry Husbandry
at the College, in 1927, when he discussed co-operation in poultry
research with representatives of the three hgme Agricultural Depart-
ments and the Rowett Research Institute in Scotland.

The scheme started in January, 1928. A report on the results of the
first three years’ work was published in March, 1931.* Copies of this
report were circulated by the Board to home and oversea research
organisations interested, and it has proved of particular interest to the
Wallaceville Poultry Experimental Station in New Zealand in
connection with the use of buttermilk powder in the feeding of
poultry. A further report, covering five years’ work, has now been
received by the Board. The study of protein concentrates has shown

* “ Results of a three years’ study of certain Poultry Rations as they affect the
hatching power of hen eggs as well as the number of eggs laid.”” Bulletin No. 362 of
the Ontario Department of Agriculture.
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distinct differences in their influence on egg production and hatch-
.ability, which indicate that there is a wastage of protein, as judged
by their effect in a ration. The experiments have further suggested
that the cereal grains in a ration influence egg production and
hatchability, as well as the kind of protein supplement fed. The value
of sunshine and sunshine substitutes, such as cod liver oil, has been
definitely established, but there is a suggestion that the value of the
antirachitic vitamin may also be influenced by the protein of the
ration. Such results point to a balance of amino acids in the rations.
A study of the ration as utilised by birds on a * free-choice ”’ diet
bears out this wastage of protein, and indicates an economical type
of ration which could be realised by a proper blend of the amino acids
from the cereals and protein supplements.

An experiment to determine the influence of various protein levels
on egg production and hatchability and the effect of various protein
supplements with different cereal mixtures, and with single cereals,
has been planned, and continued study is also proposed of the
comparative value of irradiation, cod liver oil and irradiated
ergosterol. Further biological studies are proceeding on the relation-
ship between such factors as genetics, body weight, feed consumption,
hatchability, egg production and egg weight, and on the reduction of
excessive embryonic mortality. :

A poultry research worker from the Ontario Agricultural College is
at present in this country studying at the Rowett Research Institute,
Aberdeen, the physiology of the fowl. He is preparing, for publication
in the Board’s *“ Grey Book ” series of reports, a memorandum on
Recent Advances in Poultry Husbandry.

EXPORT OF PEDIGREE LIVESTOCK

London Quarantine Station

The London Quarantine Station continues to prove of great value
in facilitating the export of pedigree livestock to oversea Empire
countries. The number of animals which have passed through the
Station since its opening in 1928 now totals 2,352. These animals
have gone to Australia, the Union of South Africa, Northern Ireland,
the Irish Free State, Southern and Northern Rhodesia, Nigeria, the
Gold Coast, Trinidad, Antigua, Cyprus and Palestine. An important
development in the past year is that, under the provisions of the
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United Kingdom— Canada Trade Agreement concluded at the Ottawa
Conference, the Station has been recognised by the Canadian Govern-
ment. That Government has notified officially its willingness to allow
theimport into Canada of pedigree cattle, sheep, goats, other ruminants
and swine from Great Britain provided that the animals have been
quarantined at the Station for 14 days immediately preceding
embarkation for Canada. The effect of this is that the import of such
stock into Canada is now permitted during periods when the United
Kingdom is not entirely free from foot-and-mouth disease.

The five years period for which the Board’s grant to the Station was
originally approved expired at the 31st December, 1932. Owing
to the economical and efficient administration of the Station by the
Royal Agricultural Society of England a balance from the grant
remained unspent at that date and the Board has agreed that this
unspent balance may be used for continuing the Station’s work. The
Board again wishes to express its appreciation of the valuable services
olf] ﬂée Royal Agricultural Society of England in the management of
the Station.

HIDES AND SKINS

Processing of New Zealand Pelts

The Annual Report for 1930-31 referred to a grant to the New
Zealand Department of Scientific and Industrial Research to meet
half the cost of research on the processing of New Zealand pelts.

The Leather Research Chemist, who is responsible for the work in
New Zealand, has visited England and established personal contact
with manufacturers who are buyers of New Zealand pickled pelts.
Arrangements have been made for the British Leather Manufacturers’
Research Association to carry out research work with the object of
eliminating faults and generally improving quality. A start has been
made on research into the pickling process which, it is hoped, will
yield information as to the correct amounts and proportions of acid
and salt required for the effective preservation of pelts. A large
number of trial casks of pelts have been treated by different methods
in New Zealand and manufactured into leather in this country. The
leather has been inspected by technical experts and recommendations
have been made by them for modifications in the particular process
used. A New Zealand Pelt Committee has been set up in this country
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at the request of the New Zealand Government. This Committee
consists of members of the British Leather Manufacturers’ Research
Association, technical representatives of some of the largest users,
and New Zealand Government officials, with the Scientific Liaison
Officer of the New Zealand Department of Scientific and Industrial
Research as Chairman.

The improvement already brought about by this work has estab-
lished confidence among manufacturers and its continuance will, it is
confidently believed, result in much larger quantities of New Zealand
pelts being used in the United Kingdom.

ENTOMOLOGY

Parasite Laboratory, Farnham Royal

During the past year investigations have been continued on a
number of serious insect pests on behalf of Governments in the
Dominions and Colonies.

Consignments of parasites of the Balsam Woolly Aphis and the
Western Wheat-stem Sawfly were despatched to Canada; of the
Pine Chermes, the Codling Moth, the Greenhouse Whitefly, and the
Cabbage Caterpillar to New Zealand ; of the European Corn Borer
to the West Indies for use against the Small Moth Borer of sugar-cane ;
of Nettle Grubs to Ceylon, for use against the species of this group
attacking tea ; of the Cryptolaemus Lady-bird attacking Mealy Bug,
and of the Aphelinus parasitic on the Woolly Aphis to a number of
correspondents in Great Britain. Shipments of insects attacking
Ragwort have also been sent to New Zealand.

The Entomologist of the Australian Commonwealth Council for
Scientific and Industrial Research, who is attached to the Laboratory,
has continued to investigate and ship to Australia the insects attack-
ing St. John’s Wort, and has also studied and shipped predators of
the Pine Chermes, and parasites of the Greenhouse Whitefly.

During the calendar year of 1932, 62 consignments, comprising in all
over 344,000 specimens of beneficial insects, were sent out from the
Laboratory.

Owing to the restriction of the grants from the Empire Marketing
Board, it was necessary to confine the work of the Laboratory almost
entirely to investigations partly financed by Dominion and Colonial
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Governments. Two members of the staff were engaged during the
summer and autumn of 1932 in the study and collection of the para-
sites of the Spruce Sawfly, Diprion polytomum, in Germany, Czecho-
slovakia, and Austria, on behalf of the Canadian Government. At
the request of the Dominion Entomologist, a special investigation
of the natural enemies of the Balsam Woolly Aphis was also initiated,
and further large-scale collections of the parasites of the Western
Wheat-stem Sawfly were made. Special funds for these investigations
were provided jointly by the Canadian Government and the Empire
Marketing Board. Another special project, undertaken with the aid
of subsidies from the New Zealand Government, was the study and the
collection of the parasites of the Cabbage Caterpillar. Funds in aid
of the study of Bark Beetles were also supplied by New Zealand, and
a special investigation of this subject, in co-operation with the Forestry
Commission, has now been planned. The breeding of Aphelinus mals
for use against the Woolly Aphis of apple in the British Isles and of the
Cryptolaemus Lady-bird attacking Mealy Bug, for distribution in
infested greenhouses, has been continued. The study and collection
of the natural enemies of the Beech Coccus and the Pine Shoot Moth,
both extremely injurious in Canada, have been planned for the coming
year.

The grant available for Noxious Weeds Research, carried on at the
Laboratory on behalf of New Zealand, became exhausted during
the year. Work on this project was therefore discontinued; but a
report, embodying the scientific results of the investigation, is in
preparation.

Biological Control of Insect Pests in the West Indies

During the past year, Dr. J. G. Myers, of the Imperial Institute of
Entomology, has continued his investigations into the biological
control of insect pests in the West Indies and parts of South America.
The Lixophaga parasite of the Diatraea borer of sugar-cane was
successfully introduced from Cuba into Antigua and St. Kitts, where
it is being bred in large numbers and distributed in infested fields.
A parasite of the Black Fly of Citrus Fruits was also transferred

successfully from Cuba to Jamaica, where it seems to have become
established.

At the request of the Government of the Bahamas, Dr. Myers
carried out a special investigation of the midge problem in the islands.
He succeeded in finding the breeding places of these troublesome pests
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and formulated comprehensive recommendations for their control.
Shortly after completing this work, he proceeded to Brazil, at the
request of the planters of Trinidad, to search for the natural enemies
of the sugar-cane Froghopper. The results of this exploration are
not yet available, but during the early stages of the work, a new and
very promising parasite of the Small Moth Borer of sugar-cane
(D1atraea) was discovered in the upper regions of the Amazon.

Studies on the problem of the Diatraea borer of sugar-cane have
been continued in Antigua and British Guiana by entomologists
working under the supervision of Dr. Myers, and promising results
are reported.

Biological Control of Sugar-cane Pests in Mauritius

At the request of the Government of Mauritius a member of the
staff of Farnham House Laboratory is to be seconded for the
investigation and collection of the parasites likely to control the
Phytalus beetle of sugar-cane, which has for many years caused severe
losses in Mauritius. Mr. W. F. Jepson has been selected for this
work, and will proceed to the United States and the West Indies to
carry out the preliminary investigations early in 1933. Funds for
this work, which is being carried on under the supervision of the
Superintendent of Farnham House Laboratory, are being provided
by the Sugar Reserve Fund Committee of Mauritius.

Stored Products Research

The Board has continued its support of the Biological Field Station
at Slough, whose work is directed against the insects and fungi which
infest stored products.

During the past year the entomological work has been concerned
mainly with the study of the problems arising in the rearing of large
stocks of insects which are used for experimental work in fumigation.
Work on the resistance of insects to poisonous gases has produced
results of great practical importance which have been specially
useful in assessing the results of fumigation on a commercial scale.
Experimental work on the rearing of insects is yielding information
about their temperature and humidity requirements. This work is
of special importance in determining the conditions desired in ware-
houses and stores to reduce infestation. A beginning has been made
in the study of insect respiration and its bearing on resistance to
fumigation.
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On the mycological side a survey of cocoa at Liverpool has shown
that cocoa arrives in England dry enough to prohibit growth of known
cocoa fungi, and that germinated cocoa is much more prone to mould
attack and to insect attack than sound ungerminated cocoa. The
report also indicates that further work on storage conditions both in
West Africa and in this country is desirable.

The chemical work has been concerned mainly with the study of
fumigation problems. Present day fumigation practice is unsatis-
factory because too little attention has been given to the kind of
insect material used in experimental tests on fumigants and because
no serious attempt has been made to study the behaviour of gases
during the actual process of fumigation. With regard to the first
question, an extensive series of tests has been made both in the
laboratory and in the course’of commercial fumigation. These tests
show that temperature has a very important effect on the resistance
of insects to fumigants and that the variation in resistance to
fumigants by different species of insects and by insects in different
stages of development is much moreimportant thanhas been supposed.
Work on the behaviour of gases during fumigation has made good
progress. An improved method for the measurement of gas con-
centrations for the control of fumigation has been devised and
standardised and has been found entirely satisfactory in practice.
The use of this apparatus has yielded valuable data regarding the
behaviour of gases during fumigation and its use, in combination with
test-insects, enables the efficiency of fumigation to be readily
ascertained. An important branch of fumigation work is the
determination of the gases both in air-spaces and in foodstuffs, and
work has been begun on the fumigants ethylene oxide and hydrocyanic
acid gas. The work on hydrocyanic acid gas is not yet completed but
improved methods of determining ethylene oxide have been devised.

Progress in practical work has been most marked in dealing with
dried fruit. Partly because of advances made in research work on
fumigation, the Australian Dried Fruit Board decided to call on the
Slough laboratory to advise it on fumigation and to inaugurate
improved methods of dealing with infestation. This is an important
step because it offers the first real hope of dealing satisfactorily with
the infestation of Australian dried fruit, and affords unique facilities
for the study of fumigation problems on a commercial scale. The
results of this dried fruit work are briefly that over 7,650 tons of fruit
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have been dealt with, that still better control can be attained during
next season and that a valuable advance in the science and technique
of fumigation has been made. The detailed results of this work will
not be available for some months but the advance made is of the
highest importance both scientifically and practically.

In dealing with cocoa infestation good progress has also been made,
especially in relation to fumigation. This work has been concerned
first with a study of the climatic conditions prevailing at the docks
and their relationship to the prevalence of infestation, and secondly,
with the improvement of fumigation technique. In this last part of
the work the Station has co-operated with wharfingers and merchants,
wi(tih professional fumigators and recently with Imperial Chemical
Industries.

One important aspect of this work deserves mention, namely,
that all fumigants and all methods of fumigation tried out or used
in the docks have to be approved by the Public Health Authorities,
and by the Fire Risks Committee. The obtaining of the data and
preparation of the reports for these bodies has fallen to the Slough
Station and recently the Fire Offices Committee in London has
insisted that any methods entailing the use of heat or of fumigants
which are inflammable or contain inflammable ingredients can be
employed only under the personal supervision of the Director or
the Chief Chemist. This action on the part of the Fire Offices Com-
mittee, while it entails extra work, has considerable value in that it
enables the Station to keep in the closest touch with any develop-
ments arising in fumigation practice.

Advances of practical importance are also being made on the
biological side. In fumigation work, for instance, and even when
dealing with the external and practical question of shed fumigation,
the chemists have asked for information which was available only
because of the biological research.

Apart from research under the general programme of the laboratory
two special investigations have been carried out on behalf of the
tobacco industry and the furniture industry respectively.

The tobacco investigation has been in progress for three years and
during the past year special attention has been given to the control
of the moth Ephestia elutella, infesting tobacco, by means of low
temperature storage. A report on the work up to date has been
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completed and will be published shortly as an Empire Marketing
Board ““ Grey Book.” The cost of this investigation has been borne
partly by the Southern Rhodesian Government and partly by the
Imperial Tobacco Company.

An investigation into infestation of furniture and upholstery by
the house mite, Glycyphagus domesticus, has been in progress during
the past year. The life history of the mite has been fully studied for
the first time and it has been shown that the hypopial stage is an
integral part of the life-cycle and not a special adaptation to unfavour-
able environment, although it may also serve in that manner. An
important discovery is the preference of the mite for fibre and other
upholstery materials which are slightly infested by mould fungi and
this explains why the mite is so frequently associated with Algerian
fibre. This investigation has been financed by the High Wycombe
and District Furniture Manufacturers’ Federation.

Since April, 1932, provision for four members of the scientific
staff, whose appointments would have terminated owing to lack of
funds, has been made until July, 1933, by securing funds from outside
sources, and one other member of the technical staff, whose appoint-
ment terminated in April, 1932, is now wholly employed by the
Australian Dried Fruit Board.

Campaign against Locusts

During the past year the Committee on Locust Control of the
Economic Advisory Council has issued its Fourth Report.* This
describes the functions of the Committee, the work upon which it
has hitherto been engaged, and its programme of investigations
during 1932-33. The Report also reviews the locust situation
during the period May, 1930, to January, 1932, in the various
countries infested by the Desert Locust, the Tropical Migratory
Locust and the Red Locust.

The Second International Conference for Anti-Locust Research was
held in Paris from the 15th to the 23rd July, and was attended by
representatives of Belgium, France, Great Britain, Egypt, Italy,
Spain, Abyssinia and Liberia. The Conference agreed unanimously
that all local efforts for locust control would remain fruitless until

* “ Survey of Locust Investigat‘ions in 1931 and Programme of Work for 1932~-33,
Fourth Report of the Committee on Locust Control of the Economic Advisory
Council.” Cmd. 4124, H.M, Stationery Office. Price 1s. net.
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the breeding areas of locusts were thoroughly investigated. A
common programme for such research was agreed upon by the
Conference, and it is proposed that the investigations should proceed
along two major lines. The first consists in the collection and analysis
of all available information on locust movements at the Imperial
Institute of Entomology in London, which has been recognised as
the international centre for the collection ‘and dissemination of
information in regard to biological and systematic research on
locusts by all the countries represented at the Conference. All
countries and Colonies participating in the investigations have been
asked to submit monthly reports on the locust situation accompanied
by maps, and an appeal hag been made to other countries interested
in the locust problem to join the international scheme of research.
Reports of this kind are now received from 28 foreign and 17 Empire
territories and are summarised periodically at the international
centre, The first summary representing a survey of the locust
outbreak in Africa and Western Asia during the period 1925-1931
has been prepared, and was distributed early in 1933 to those
interested in the problem.

The second main line of research consists of field investigations
in various parts of Africa where breeding areas of locusts are known,
or are suspected, to exist. The British programme of field work
provides for three field entomologists in the Anglo-Egyptian Sudan
and East Africa, while two entomologists of the Nigerian Government
are working on the same problem in West Africa. Three entomolo-
gists are being sent by the French Government to Frgnch West
and Equatorial Africa, and will work in close contact with the
international centre at London, and with the British field entomo-
logists. The cost of the French anti-locust organisation is entirely
defrayed by contributions received from French African territories.
The British investigations are financed partly from the Empire
Marketing Fund and partly by contributions received from British
Colonies and mandated territories and the Anglo-Egyptian Sudan.

The general direction and co-ordination of the investigations
undertaken in different countries rest with the International
Conference which it is proposed to hold annually, and the next
(third) Conference will take place in London. At these Conferences
the results already achieved and programmes of further work will
be discussed by the specialists actually engaged in the research.
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An interesting further development in the anti-locust campaign
was suggested by the Economic Advisory Council’s Committee on
Locust Control in the early part of 1932, as the result of which a
grant has been made on the recommendation of the Colonial Develop-
ment Advisory Committee from the Colonial Development Fund
to enable experiments to be carried out in Kenya in the discharge of
clouds of poison dust from aircraft.against flying swarms of locusts.
A considerable amount of preparatory work of a technical character
was found to be necessary, but it is understood that unless any
unforeseen difficulty arises the experiments with aircraft will be
carried out this summer.

Entomological Research in Australia

In last year’s report reference was made to the proposal to breed
up a stock of parasites of the buffalo-fly at the State Veterinary
Institute at Buitenzorg in Java. Professor Handschin, who was in
charge of this work, was able, by crossing the Javanese and the
North Australian species of Spalangia, to develop a race of insects
which is much longer lived than either of the progenitors, and which
lays a greater number of eggs. Professor Handschin arrived in
North Australia with a consignment of this race of Spalangia in
April, 1932. These were bred in numbers and liberated near Darwin
with a view to ascertaining whether the widespread use of this variety
of insect would be of value in the control of the buffalo-fly. Pre-
liminary reports indicate that the parasites appear to be doing fairly
well. A report by Professor Handschin dealing with the results of
the work in Java and Northern Australia and their possible applica-
tion in preventing the spread of the fly has been published.*

Work on the control of the Sheep blowfly, which is the main
entomological task of the Council for Scientific and Industrial
Research, has been pressed forward under the direction of the special
Blowfly Committee referred to in last year’s Annual Report. A
comprehensive report dealing with the existing state of knowledge
and the scope of present and future investigations has been published.t

* “ A Preliminary Report on Investigations on the Buffalo Fly and its Parasites in
Java and Northern Australia.” Pamphlet No. 31 of the Commonwealth Council for
Scientific and Industrial Research, Melbourne, August, 1932.

t “ The Sheep Blowfly Problem in Australia.,” Report No. 1 by the Joint Blowfly
Committee appointed by the Council for Scientific and Industrial Research and the
N.S.W. Department of Agriculture. Pamphlet No. 37 of the Commonwealth Council
for Scientific and Industrial Research, Melbourne, January, 1933.
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This report discusses all aspects of the problem such as biological
control, dipping, trapping, breeding for .resistance, etc.

Work has been continued during the year on the control of Termites *
(White Ants), apple thrips which feed in great numbers on apple
blossom, the pine aphis which attacks exotic pines, and St. John's
Wort, a weed whose rapid spread has caused considerable concern.

Close relationship is maintained between the Division of Economic
Entomology of the Commonwealth Council tor Scientific and Indus-
trial Research and the Parasite Laboratory at Farnham Royal (see
page 43). In connection with the work on St. John’s Wort an
Australian entomologist is attached to the Parasite Laboratory and his
duties are to discover the varieties of insects which feed on the plant,
work out their life histories, and test them on a selected list of economic
plants to see that they cannot feed on any but their own food plant.
When he is satisfied that an'insect is specific in its feeding, he breeds
it in numbers and ships it in a suitable stage to Australia. A Progress
Report on this work has been published.*

MYCOLOGY AND PLANT PATHOLOGY

Virus Diseases of Plants

Rothamsted Experimental Station.—By the use of collodion mem-
branes of known and graduated pore size, it has been found possible
to determine, on the one hand, the size or pore through which a
particular virus can pass, and on the other, the size which prevents
it from passing. The pore sizes differ with different viruses, e.g.
the virus of tobacco Mosaic just passes pores of 0-051 u, Aucuba
Mosaic virus of tomato passes 0-112 p but not 0-1 ., 2 Hyoscyamus
Mosaic virus passes 0:-30 p but not 0-23 p. From these data it can
be deduced that the sizes of the viruses, or perhaps of particles to
which the viruses are attached, vary from 15pe pe in tobacco Mosaic
to 150 pp. for the Hyoscyamus virus. The method allows, in some
cases, of the separation of two viruses occurring mixed in nature.

A rapid and convenient method of determining the quantity of
virus contained in a sample of plant juice has been developed by the
use of a necrotic-spot technique, the number of spots varying directly

* ' The Possibility of the Entomological Control of St. John’s Wort in Australia.
Progress Report,” Pamphlet No. 29 of the Commonwealth Council for Scientific
and Industrial Research. Melbourne, 1932.
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with the concentration of virus. This is further evidence in support
of the view that virus exists in a particular state, and not diffused
throughout the liquid. For the first time a method has been dis-
covered of producing in the living non-virus plant intracellular
inclusions which are indistinguishable from those produced by virus.
This consists in supplying the plant with a salt of molybdenum, and
up to the present no other substance has been found to give the same
results. The artificial lengthening of the day during the winter
months, referred to in last year’s Report (p. 49), continues to prove
thoroughly satisfactory.

Experimental and Research Station, Cheshunt.—During 1932 tomato
plants suffering from Spotted Wilt were received for the first time.
They came from widely separated localities in Great Britain. The
disease was studied and found to be identical with the Spotted Wilt
of Australia, but distinct from the Mosaic and Stripe diseases of
tomato of this country. Clean cultural methods and the eradication
of Thrips are emphasised as control measures. There is a danger of
the disease over-wintering in Dahlias and Chrysanthemums. Experi-
ments with treatments calculated to improve infected plants have not
given conclusive results, but some success has been obtained in
nurseries by methods which increase the rate of vegetative growth.
Two outbreaks in Cinerarias (Kent and Herts) have been examined.

Investigation of tomato diseases of the Mosaic, Stripe and Streak
group has been continued. Ordinary or mild tomato Mosaic has
been identified with true tobacco Mosaic and found not to be
implicated in Stripe. The symptom-picture in the tomato which
characterizes Stripe may be due to several causes. As the diseases
are usually indistinguishable on tomato the term Stripe will doubtless
be retained by growers, but the following more precise nomenclature
is proposed :—the name stripe is suggested for use when the disease
is attributed to Bacillus Lathyri; Glasshouse Streak when due to a
single virus ; while Streak, in conformity with American terminology,
is reserved for a mixed virus.infection (typically tomato Mosaic and
potato Mosaic). The viruses involved have been described. It is
of practical importance to know the type of infection in a given
case, because, although Stripe and Glasshouse Streak respond to
treatment with potash, Streak does not. Applications of nitrogenous
compounds benefit plants affected with Streak.
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Investigations of the effect of the virus of Aucuba Mosaic of tomato
on the metabolism of affected plants from the time of inoculation up
to the appearance of severe mottling have been continued. When
healthy and also inoculated plants are examined immediately before
and after 12 hours darkness, the amount of starch in the diseased
Plants is slightly greater than in the healthy plants. This holds
good until the appearance of severe symptoms, when the amount of
starch in the diseased plants is much less than in the healthy plants.
The amount of reducing and non-reducing sugars in the diseased
plants usually decreases during the night, whereas that in healthy
plants increases. The total amounts of starch and sugar in the leat
(lamina and petiole) of diseased and healthy plants, sampled at
three hourly periods throughout 24 hours, show marked differences ;
and, though several theories can be suggested to account for this,
more work is necessary before a definite conclusion can be reached.

In view of the greater prevalence and severity of Mosaic disease of
tomatoes in certain parts of one and the same house, investigations
are in progress to determine the relation between soil conditions and
the incidence and extent of tomato Mosaic.

Scottish Society for Research in Plant Breeding, Corstophine.—The
investigations into the carbohydrate metabolism of potatoes affected
with virus diseases has been continued. Those on the carbohydrate
metabolism of Leaf-Roll and healthy potatoes were completed in
1931 and the results published.* That on the carbohydrate meta-
bolism of Crinkle-infected plants was completed in 1932, and the
results will be published shortly.

At the same time, the nitrogen side of metabolism has been studied
and the work on healthy and Leaf-Roll potatoes has been completed.
The results will shortly be available for publication. In brief it has
been found that nitrogen metabolism in Leaf-Roll plants does not
markedly differ from that in healthy ones, and Leaf-Roll is not a
disease in which the nitrogen metabolism is distributed, as has
hitherto been supposed.

The work at the Ainville Sub-Station ‘consisted in the growing of
plants in insect-proof greenhouses for seasonal analyses in the
nitrogen work on Leaf-Roll.

* Trans. Roy. Soc. Edinburgh, Vol. LVII, No, 11.
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Work at the Huntly Sub-Station has again been confined to the
Mosaic diseases of potatoes. In 1932 an investigation was carried
out on the carbohydrate metabolism of healthy potatoes and potatoes
infected with the X and Y viruses of Smith and Salaman. The
analytical side of this work has been completed; the data are
being statistically examined and will be published in due course.

For the genetical side of the work, it has now been decided to
carry out the actual crossings between the various varieties and also
between healthy and diseased plants at the Corstophine Station,
and a programme has been arranged for 1933. Resistance tests
with possible commercial varieties having a high resistance to or
tolerance. of virus diseases will also be carried out at Corstophine.
Seedling progenies will now be grown entirely at Huntly, and a start
is being made with seed obtained from various crosses made at
Corstophine in 1932.

Albert Agricultural College, Glasnevin, Dublin.—With a view to
reducing the confusion arising from the description of the same
virus under different names, an account was prepared and published
of a comparison of some European and American virus diseases of the
potato.* Four of these diseases were found to be identical, and a
number of others probably so. The ‘ Wilding " condition was
proved to be of virus origin, and to be equivalent to *“ Witch’s Broom ”’.
Simple Mosaic was found to be very common in American potatoes,
and to be identical in all probability with the *“ Healthy " potato virus.

Reference was made in last year’s Report to the need for a proper
understanding of the nature of virus complexes and their constituents.
Work was continued on this question with particular reference to the
Crinkle complex, the compound nature of which (unlike that of many
supposed virus complexes) was readily shown by analysis and by
synthesis in the potato. The constituent viruses, namely virus A
and a simple Mosaic virus, were isolated by means of Myzus persicae
and by needle, respectively, as well as by the use of differential hosts ;
they were then recombined in various ways, with the production of
the original Crinkle in each case. A study of the isolated viruses
showed that the aphis-borne virus produced typical symptoms of

* A Comparison of some European and American Virus Diseases of the Potato,”
by 1;21711_3%.8 Murphy and Robert McKay, Sc. Proc. R. Dublin Soc., 20 (N.S.). 1932.
PpP- .
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vein-clearing and vein-banding on tobacco, thus corresponding in this
respect to the virus Y, lately described by K, M. Smith ; but it differed
markedly from the latter in its reaction on potato varieties. The
needle-borne virus was found to be a simple Mosaic virus, correspond-
ing in part. to virus X as described by the same author ; but it passed
through Petunia unchanged. There was no evidence of the presence
of a third virus. ‘

Although further proof was thus afforded of the presence of two
viruses in Crinkle, no evidence of a dual nature was found in simple
Mosaic, Interveinal Mosaic, or the Streak normally occurring in
Up-to-Date. These three diseases were passed by needle through
Datura Stramonium and returned to potato with the production in it
of the original disease in each case. Particular attention was paid to
Interveinal Mosaic, and in all cases it behaved as an entity and was
recovered unchanged in potato from a number of other hosts. The
common Streak disease of Up-to-Date was found to be an acronecrotic
disease, and the corresponding virus was filterable and transmissible
by needle, but not by Muzus persicac. One of the first effects of
Streak and Crinkle on potato foliage was found to be the accumulation
of starch in certain cells.

A paper is in course of preparation embodying the foregoing results,
and presenting an interpretation of them in the light of previous
results from this and other laboratories.

Cotton Disease Research

The work at the Rothamsted Experimental Station on the Angular
Leaf-Spot or Blackarm disease of cotton, which has been assisted
for four years by the Board, has been brought to a conclusion on the
departure of Dr. Stoughton from Rothamsted.

The work on the influence of environmental conditions on the
disease, which has been carried out in the special control chambers
erected under a grant from the Empire Marketing Board, has led to a
number of definite conclusions. The results of six years’ work on this
aspect of the disease may be briefly summarized :—

Primary infection of the cotyledon is usually due to bacteria
carried on the outside of the seed and in the fuzz. Thorough
disinfection of the exterior of the seed results in healthy seedlings.

Soil temperature affects the amount of primary infection, a
constant soil temperature above 30° C. reducing the degree of
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infection, but infection is not inhibited at 40° C. A regular diurnal
variation in soil temperature produces the same effect on infection
as-a constant temperature near to the mean of the fluctuations.
Soil temperature is of importance as regards the disease only
during the first two or three days after sowing. A high soil
moisture content favours the primary infection. Prima
infection is affected by the type of soil in which the plants are
grown. Soil temperature has little or no effect on secondary
infection resulting from spray inoculation of the plants. Plants
diseased in the seedling stage grow out free from disease if no
further inoculation occurs.

Air temperature has a marked effect on secondary infection.
Maximum infection occurs at a constant air temperature of
35-38° C., with decreasing incidence at progressively lower temp-
erature. A regular diurnal variation in air temperature exerts an
effect on the amount of disease equivalent to that of a constant
near to the mean of the fluctuations. Experiments on abrupt
changes of éemperature show that air temperature is of import-
ance throughout the incubation period of the disease ; the actual
temperature at the time of inoculation is comparatively
unimportant, except in so far as it affects the mean temperature
during the incubation period. The amount of infection at a
given temperature, or mean equivalent temperature, is conditioned
by the atmospheric humidity at the time of inoculation. High
humidities favour infection, low humidities reduce it. Humidity
is of importance only during the first two days after inoculation.

PLANT BREEDING

Welsh Plant Breeding Station, Aberystwyth

In the spring of 1932 the seed of seven pedigree strains of grasses
were released to the trade for multiplication. These included one
strain of cocksfoot, four of timothy, one of rye-grass, and one of red
fescue.

Forty acres of pedigree grasses and clover were harvested during
the year 1932, and eighteen additional acres were sown down. In all,
the seed from thirty strains, eighteen of grasses and twelve of clovers,
were grown in ten counties by thirty-three growers. The main bulk
of the seed was produced in two districts, namely, the Welshpool
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district and in the Wye Valley. The first multiplication of new red
clover strains on the other hand was chiefly conducted in non-arable
districts, such as the Towy Valley. Harvesting conditions were
favourable on the whole, and the quality of the seed appears to be as
high as any imported from the best seed growing countries. Two
pedigree strains of red clover were carried to the second multiplication
stage’ b}; 9’%1; sowing out of three acres, which will be harvested for
seed in .

Further 1Progress has been made with a view to the better under-
standing of the proper methods for growing remunerative seed crops
on a field scale as applied to different types of pedigree grasses. Two
aims have been kept constantly in view—

(a) to increase the yield of seed and
(b) to reduce the cost of production.

Problems peculiar to indigenous grasses in connection with the
dressing of their seeds have been investigated and- appropriate
machinery has been designed to overcome various difficulties.

Preliminary studies have beeninitiated by resort to a new technique
with a view to measuring the efficiency of distance isolation for seed
production in the case of both cross-fertile grasses and clovers.

The work on delayed establishment in some species of grasses is
being continued and important results from these investigations
have been published. Arising out of this work an investigation has
been commenced into the relations between the mineral nutrition of
grass-seedlings and their reaction to diminished illumination.

A detailed study has been made of the exact manner in which
soaking the ‘““ seeds " of cocksfoot in water causes an acceleration
of germination. It is hoped to publish this work in the immediate
future.

Further expen'ments are being conducted on the germination of
ass ‘‘ seeds " in solutions of cane sugar (* suction-force *’ determin-
ations) but little material is available that is suitable for this purpose.

The work on peaty hill soils is continuing ; it is probable, however,
that another season’s growth will be required (making three years’
growth in all) before a definite account of the results can be provided.
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The investigations which have been in progress for some time on
occurrence of buried weed seeds in the soil underlying pastures of
various types have been continued and a report on the first batch of
fields investigated will be published at an early date.

Last year’s report referred to the visit to Australia of Mr. William
Davies, the Empire Grassland Officer, at theinvitation of the Common-
wealth Council for Scientific and Industrial Research and the Aus-
tralian Dairy Council. Mr. Davies returned to England in December
after a year’s stay in Australia. He was able to give valuable advice
on problems of grassland research now in progress in the Common-
wealth, and the Council for Scientific and Industrial Research are
convinced that immense good will result from this visit, which has been
in part responsible for the extraordinary growth of interest in Australia
in the problems of pastures and pasture management. Mr. Davies’
report will probably be published in the Board’s * Grey Book "
series of reports.

Mr. Davies took the opportunity of returning home via New
Zealand so that he could spend a month in that Dominion studying
the progress of the work at the Plant Breeding Station at Palmerston
North which he helped to start in 1929 and 1930.

Plant Research Station, Palmerston North, New Zealand

The activities of this Station have been well maintained and marked
progress has been made during the year, particularly in regard to the
value of strain influences in grasses and clovers, and in the control
of several serious diseases of farm crops, all of which may result in
marked improvements in the financial returns from farming.

In the Agronomy Section the certification of seeds was extended
during the 1931-32 season to include cocksfoot, Montgomery red
clover, and Kentish wild white clover. Other crops subject to
certification are New Zealand white clover, perennial rye grass,
potatoes, brown-top, wheat and beans.

In the Agrostology Section the main work has been the improve-
ment of strain in pasture plants and the aim is the rapid reproduction
on a commercial scale of lines that are by test up to pedigree standard.
Strain trials have been in progress with perennial rye-grass, cocksfoot,
brown-top, timothy, white and red clovers, and other species. The
trials with rye-grass during the past three years have resulted in a
type which is giving eminent satisfaction wherever it is being grown
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and which stands out markedly superior to the poorer types which
dominated the markets before strain and certification work were
initiated in New Zealand. One half of a crop of seed harvested from
a line of British seed supplied by the Welsh Plant Breeding Station
at Aberystwyth has been returned to the Welsh Station for comparison
with the original mother seed supplied. Similarly, as a result of trials
of New Zealand and Aberystwyth lines of cocksfoot, part of the seed
obtained from the Aberystwyth crop will be returned to Wales for
comparison. This part of the work forms an excellent example of
Empire co-operation in research.

The Field Experiments Section deals with research into funda-
mental grassland problems, investigations and demonstrations by
field officers, and experiments on annual crops. Six lines of
investigation have been in progress to test the effect on pasture
production of different manurial applications. Grazing trials on
dairy farms have been maintained to determine the effects of nitro-
genous fertilizers and of different types of rye-grass, and observatjons
are being kept to discover the response of grasslands to lime,
phosphate, potash and nitrogen. Work on annual crops has
consisted of manuring experiments with wheat, oats, barley, potatoes,
swedes and turnips; wheat and potato variety trials, and variety
gials of swedes and turnips to determine their resistance to club-root

sease,

The Mycology Section has concentrated on club-root and dry-rot
diseases of swedes and turnips, virus and other diseases of potatoes,
collar-rot of peas, bean wilt and other legume diseases, barley smut
and oat rust, cheese moulds and forest tree diseases. Resistant strains
of swedes and turnips have been grown on infected soil. From these,
apparently immune plants were selected and seeded and the seed sown
in infected soil again for further immunity trials. Experiments on
dry-rot have led to the production of a seed disinfection method
which proved effective when tested with seeds from a line averaging
about 15 per cent. infection and when field areas were sown with
seed treated by the process.

The Imperial Institute of Entomology, through the Parasite
Laboratory at Farnham Royal, has co-operated with the Entomology
Section of the New Zealand Station in the control of the Cabbage
White Butterfly. Well known parasites of the pest occur in Britain,
and collections made at the Parasite Laboratory were shipped to
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New Zealand where they will be reared and liberated. The life-
history of the Red Mite has been completed and a study has been
made of the seasonal history of the codlin moth. Laboratory and
field experiments on the efficiency of various sprays for insect control
have also been carried out.

The Herbarium, under the control of the Botany Section, now
contains over 7,500 specimens of indigenous and introduced species,
and over 4,000 specimens of foreign plants. The latter are important
for research on introduced flora. Systematic botanical identification
of species of farm economic plants is continuing and co-operation is
being maintained with the Royal Botanic Gardens, Kew, in the general
systematics of the New Zealand flora.

The work of other sections of the Station has similarly shown good
progress.

Division of Plant Industry, Commonwealth Council for Scientific and
Industrial Research

The Division’s Plant House at Canberra, referred to in last year’s
report, has now been completed.

A junior Plant Physiologist was appointed during the year from
the grant made available by the Board. He will assist the senior
Plant Pathologist of the Division on fruit work in Tasmania with
speclial reference to bitter pit and other pathological conditions of
apples.

Another junior Plant Physiologist has been appointed to assist
in work on wheat problems in Canberra with special reference to
the four problems of flag smut, root rots, drought resistance and yield.

Considerable attention has been given to the lines on which plant
introduction and allied agrostological work might best be developed
in the future. Already more than a thousand introductions have
been made and varieties have been tested for yield, seed production,
etc. Several promising grasses have thus been found. An important
piece of work that is being undertaken consists of the collection of
data on which to divide Australia into broad grassland zones. The
resultant map and other information will be of considerable value
not only in connection with the testing of promising introductions
but in several other directions.
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HORTICULTURE

East Malling Research Station, Kent

The interest stimulated in rootstock problems by the Director’s
tour in 1930-31 has continued to bear fruit. In those countries where
the immune Northern Spy rootstock for apples is used (Australia,
South Africa and New Zealand) there is an ever increasing volume
of evidence which suggests that, where any limiting environmental
factors are present, trees on this stock are of very poor performance.
Yet amidst these poor plantations are to be found a few trees on
unknown (probably seedling) stocks thriving well. In some cases
methods of renovation of poor plantations on Spy are already in
full swing and showing quite striking results. Vigorous root systems
are being inarched into the stems of the unthrifty trees with definite
and comparatively quick results. East Malling is being kept in touch
with and consulted upon the application of such methods. Dr. Allan
and Dr. Cunningham, working upon the classification of Spy stocks,
have already reported from New Zealand the isolation by botanical
and pomological characters of some nine varieties showing a wide range
of vigour.

During the present season some 26,000 rootstocks, as well as several
sets of budded trees, have gone out from East Malling for experi-
mental purposes to the Dominions and India. Some 1,000 trees of
Mackintosh Red and Fameuse are now ready in the East Malling
nurseries, upon both layered and selected seedling roots, to test out, in
collaboration with the Dominion Horticultural Experimental Farms,
the behaviour of these trees in Eastern and Western Canada. Whilst
it is not claimed that any of the East Malling stocks already in
circulation are immune from Woolly Aphis, it is emphasised that they
are no more susceptible than seedling stocks (which are rapidly
coming back into use) and far less variable. Their potentialities are
known.

The Nursery Trade at home has absorbed over 200,000 rootstocks
this season.

The exchange of workers between Summerland, British Columbia,
and East Malling carried the propagation side of the rootstock
problem a stage further. Mr. R. C. Palmer, ¢f British Columbia,
carried out some intensive nursery trials at East Malling with root
cuttings in collaboration with the Statistical Section, and Mr. W. S,
Rogers, of East Malling, whilst in Canada, was able to overcome
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propagation difficulties previously encountered there by suggesting
modifications of layering methods in order to adapt them to local
conditions. This interchange of investigators has proved mutually
beneficial in many other ways. Mr, Palmer was able to set East
Malling on the right lines for establishing a technique for testing the
optimum time of picking of apples and pears—an aspect neglected
in this country. Again, the studies of root growth and development
as initiated by Mr. Rogers in collaboration with the Pathologists at
Summerland, using similar technique in such widely differing
conditions as Kent and British Columbia, have already proved of
gréat interest ; and comparison of the results, made possible by the
exchange of the actual workers, will add considerably to the value
of each individual experiment as it develops further. The observation
trenches which were established at Summerland appear to be a
hopeful line of attack on the serious tree losses caused by root troubles.
They should also be of assistance in the testing out of more resistant
rootstocks as they are selected or bred.

The soil moisture recording instrument is still in process of develop-
ment and offers a further aid to the study of soil and root problems.
Finally, a fairly complete survey of the root investigation work on
the Continent of America has been made, thus carrying a step forward
the expressed wish of the Imperial Agricultural Research Conference

“of 1927 for the presentation of*a resumé of this subject.

The breeding and testing of a wide range of Woolly Aphis immune
apple stocks, in collaboration with a geneticist at the John Innes
Horticultural Institution, Merton, have been greatly accelerated.
Approximately 1,000 seedlings can now be tested annually, and some
of the more recent crosses promise to give a proportion of immune
material as high as 50 per cent. from which to select. As soon as
their immunity under English conditions is assured, consignments
are sent to entomologists overseas to retest them under widely
different environmental conditions, Samples have already gone to
Canada, whence the initial reports are encouraging, to New Zealand
and India. It is hoped to send further consignments to South Africa
and Australia. .

The most significant feature of the past year for the Statistical
Section has been the growing interest in the technique for field
experiments in horticulture which has been built up. This interest
is not confined to the layout and interpretation of trials but extends
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to the actual methods by which the results of these trials are measured;
and it is worthy of note that the contacts which have been established
are not only with research workers who deal with deciduous fruits,
but include those in many different parts of the Empire working
with all kinds of horticultural plants. Several field trials have been
planned including apple manurial trials in New Zealand, a raspberry
manurial trial in Canada, citrus manurial trials in South Africa and
Tanganyika, coffee experiments in Kenya and Uganda, and an
extensive series of cacao experiments in Trinidad. Professor Clark
Powell, of South Africa, has furnished crop records in connection
with the manurial trials of citrus, which have made it possible to
study the variation to be expected in this crop in commercial

lantations under South African conditions. This should be of value
In the layout of future experiments. Many workers have made
personal visits to the Station either to familiarise themselves with
the arrangement of field experiments and the simple statistical
processes whereby the results are analysed, or to study the conduct
of such experiments in the field. Others have brought particular

roblems, the discussion of which has proved mutually of great
interest. The problem most frequently encountered is the difficulty
of experiments with variable material, such as is found with most
tropical fruit plants. Particular attention has, therefore, been focussed
on this problem.

The technique for leaf measurement, developed in work on young
trees, has been successfully applied by the Physiological Section to
the measurement of the leaves on two nine year old apple trees.
This work was carried out in collaboration with Dr. H. Evans who
studied at East Malling before taking up his appointment as
Physiological Botanist to the Mauritius Sugar Research Station.
The results are being used to develop a technique of sampling whereby
the leaf relations of trees under different manurial or pruning treat-
ments or on different stocks can be compared, so as to determine
whether these factors bring about their characteristic effects on tree
performance by altering the leaf relations of the trees and whether
these effects can be foretold at an early stage by measurements
made on the leaves.

Injection methods have been evolved in the Biochemical Section for
treating either a whole tree or any portion of it, from a main branch
to a twig. These methods are being applied not only to testing the
effects of the various elements which analysis has shown to be of
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interest in the rootstock-scion problem, but also as a quick and
cheap method for revealing nutritional deficiencies in commercial
orchards. The methods seem likely to be applicable to many other
trees, bushes and plants grown in various parts of the Empire.
Mr. L. A. Thomas, of Australia, who has been awarded the student-
ship created by the Trustees of the Commonwealth Science and
Industry Endowment Fund (see last year’s Report, p. 59) is, during
his year’s study at East Malling, applying the methods to young
trees preparatory to working on commercial orchards showing
deficiency symptoms in the Stanthorpe District of Queensland.

Considerable progress has been made by the Pathological Sections
in' collaboration with the Pomologists in demonstrating practical
methods for the establishment of healthy clonal races of Raspberries
and Strawberries. A year ago a series of special raspberry nurseries
was developed on the Farm Institutes in Kent and Sussex and with
selected growers for the propagation on a commercial scale of cane
free from mosaic disease. These nurseries were laid out on the basis
of information about the disease accumulated in previous years with
material from a clonal mother plot at East Malling. Inspections of
the nurseries during the year have shown that a very satisfactory
control of this all important widespread disease has been maintained
at very little cost. Already applications for cane from these nurseries

-and from the parent nursery at the Research Station have been
received from all parts of the home country, from the Irish Free
State and from Canada.

A further series of experiments on the causes of a certain form of
Strawberry * degeneration ”’ has established the existence, at least
in this country, of a virus disease which causes a rapid loss of vigour
leading to the sterility and death of infected plants and their runner
progeny. A review of the previous work on the chief “ degeneration *’
diseases at home and overseas has been prepared and is being handed
over to the Imperial Bureau of Fruit Production for circulation over-
seas. Investigation of measures for the commercial control of the
disease, the multiplication of healthy clones and the selection of
optimum runners has been inaugurated.

The Entomological Section has been following up the relation of
the important Tarsonemid Mite of the Strawberry to the above-
mentioned disease in conjunction with which it is so commonly
found. These investigations have been co-ordinated with work by
the Entomological Department in Ottawa.

64



In collaboration with Entomologists in India and the Sudan, the
study of certain species of gall mites, which occur on plants of economic
importance, has progressed, and a new species from South India has
been described.

An exchange of workers investigating the diseases of small fruits
has now been arranged between Dr. G. H. Berkeley of the St.
Catharine’s Field Laboratory of Plant Pathology in Ontario, and
Mr. R. V. Harris of the Department of Plant Pathology at East
Malling.

During the year the Technical Officer has received, in conjunction
with the Imperial Bureau of Fruit Production, some 70 overseas
visitors from all parts of the Empire. Of this total no less than 11
have made extended visits varying from a few days to several weeks
or months under the facilities offered to Post Graduates.

Owing to the general desire expressed by applicants under this
Scheme to use their study period as preparation for higher degrees,
representations were made to the University of London, with the
result that the Station has now been recognised as an Institution
at which students may work under recognised teachers as candidates
for higher degrees.

"Long Ashton Agricultural and Horticultural Research Station

In last year’s report a summary was given of the more important
facts which had emerged from fruit storage experiments and chemical
studies. It was shown that several generalisations could be made
regarding the effects of orchard factors on storage qualities and
chemical characters, and the relationships which exist between
storage properties and chemical features were also indicated.

During the past year, the programme of storage experiments
and chemical investigations was continued along similar lines with a
view to checking previous results under different seasonal conditions
and with fruit obtained from various fruit growing centres. The
results of this further work are wholly in agreement with those already
reported and need not again be stated in detail. They have been
summarised in a paper read before the Horticultural Education
Association in September, 1932,

A special feature of the year was the comparison of the storage
qualities of a number of samples of plums, variety Yellow Pershore,
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from plantations of light and heavy soils in the Evesham-Pershore
area. This experiment has now been carried out during a wet and
a dry season, and the results have confirmed the practical experience
of growers that better quality plums are produced on the heavy
soils in dry season and on the light soils in wet years. Three branches
of the investigations have yielded results of particular interest during
the year, and these are outlined below.

Soil Moisture Experiments.~—The initial object of these experiments
is to determine whether soil moisture is of importance in the problem
of Bitter Pit in apples. Two series of apple trees are grown in pots
under high and low soil moisture conditions respectively and housed
in a specially designed glass orchard house to protect the trees from
rain. Under these conditions, it was possible in previous seasons to
obtain crops of fruits from the high moisture series which developed
large percentages of Bitter Pit in store, but crops from the low moisture
treatment were too small for critical storage tests.

During 1932, a series of heat waves occurred which resulted in
very high temperatures in the glass shelter. As a result, severe
outbreaks of *“ Cork ”’ and Water Core occurred almost immediately,
and after picking a large proportion of the sound fruits developed
Bitter Pit. Cork troubles were much more prevalent and severe in
the high moisture series than in the series under the low moisture
treatment, the percentages of the total crops showing injury at
harvesting being High Moisture 60-9 per cent. and Low Moisture
26-2 per cent. The results indicate that high temperature is probably
the most potent factor in the development of Cork, Water Core and
Bitter Pit but that soil moisture may also play an important rdle.

The experimental technique has been modified to enable the
{emperature—soil moisture relationships to be further examined.

Physiological Investigations.—The results obtained in the storage
experiments and chemical investigations have suggested the import-
ance of ’ maturity *’ in connection with the effects g_f,_c,eﬂr_tg.l;r;_of&ra
and pre-storage conditions on storage qualities. Following these
mm%snm carried out with a
view to examining maturation processes previous to harvesting on
the tree and after picking in store, and in an attempt to relate the
effects of the orchard factors, grass and arable culture, potassrum
deficiency, fruit thinning and bark ringing to these processes. In
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studying maturation, the rate of softening of the fruits, the distri-
bution and disappearance of starch and the changes which occur in
nitrogen, acid and sugars have been followed. An attempt has
been made to correlate the ripening phenomena with the supplies of
food available to the fruits, but the facts only partly fit the working
hypothesis that favourable food supplies delay maturation processes.

Preliminary investigations had shown that terminal and lateral
fruits show special characters as regards shape, ﬁavour and texture,
laterals appearing to possess superior dessert properties. Detailed
comparisons with apples, involving chemical and storage investi-
gations, have been made between the two types of fruit under the
orchard conditions of * fruit thinning’’ and ‘““no thinning ” treat-
ments. No difference was Tound between the susceptibility of the
two classes of fruits to storage ‘‘ breakdowns’ but with certain
varieties, such as Allington Pippin, terminals were found to be much
more susceptible to storage rots.  Laterals contained higher amounts
of dry matter and cane sugar than terminals at picking time where
: cro;})‘s were not thinned, but thinning raised the contents of these in

both types of fruit and in the thinned crops the cane sugar contents

~ were not significantly different. During storage, laterals lost both
dry matter and cane sugar more rapidly than terminals so that
differences which exist at picking time tend to disappear during
storage.

Vitamin C Content of Apples—In these experiments, which have
been carried out in collaboration with Dr. S. S. Zilva of the Lister
Institute, attempts have been made to alter the content of vitamin C
by certain cultural practices. Using the varieties Bramley’s Seedling,
which is relatively rich in the vitamin, and King Edward VII, which
has an especially low vitamin content, it has been found. possible
to increase the vitamin content significantly in every case, and by as
much as 100 per cent. in certain instances, by reducing the nitrogen
content of the fruits by means of grass culture and bark ringing. No
difference in vitamin content was found between large and small

- apples graded out from a single crop. The results will be published
shortly.

Fruit Research in New Zealand

The programme of fruit research in New Zealand, which is co-
ordinated with the work of the Plant Research Station at Palmerston
North, the Cawthron Institute at Nelson, the Horticulture Division,
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the Cambridge Low Temperature Research Station, and the East
Malling Fruit Research Station in Kent, has enabled a wide sphere
of activity to be covered. The research orchard at Appleby is now
being fully utilized for a comprehensive series of manurial and
spraying trials, while detailed information regarding the yields of
eacfi tree is being accumulated in order that the basis of all future
experimental work may be sound. Marked advances have been made
in the knowledge of fruit-tree sprays during the year, and this is of
such a nature that it can be used in the direction of improved orchard
practices almostimmediately. Rootstockinvestigationsand manurial
trials have been inaugurated which will provide ultimately long-range
results which will yield important fundamental knowledge to the
fruit industry. Steady progress has been made in the study of the
more serious insect and fungus pests affecting orchardists. An
extensive series of transport and cold-storage trials has been main-
~ tained, so that it has been possible to trace the effect of the many
influences which play a part in the causation of fruit-wastage. The
attention devoted in the past to problems of fruit cold storage and
transport has been in large measure responsible for the high standard
of quality in which it is now placed on oversea markets.

Tulip Growing Experiments in Malta, Cyprus and Palestine
. Following a suggestion made by the Director of the John Innes
Horticultural Institution, the Board arranged with the Governments
of Malta, Cyprus and Palestine for experiments in tulip growing to be
carried out in the three countries during the past winter and spring.
It is thought that the warm soil and climatic conditions of these
countries may result in the production of bulbs specially suited for
forcing purposes. At present such bulbs are imported in large
quantities from Holland, where they are raised in artificially heated
soil. A generous gift of nine thousand tulip bulbs was made through
the Board for the purpose of these experiments by Mr. George Monro,
of Covent Garden. When the trials are concluded the bulbs will be
returned for examination by tulip forcing experts in this country.

ECONOMIC BOTANY

Royal Botanic Gardens, Kew

The Board’s grants to the Royal Botanic Gardens, Kew, have
been devoted to the appointment of Mr. H. C. Sampson as Economic
Botanist, to the employment of Plant Collectors, and to the speeding
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up of the work of classifying herbarium material. These grants have
enabled Kew to provide services of great importance to the develop-
ment of the botanical and agricultural resources of the Empire, and
to f111<1ﬁl more effectively its functions as an Empire centre for botanical
work.

There is no doubt that the work of the Economic Botanist has
resulted in closer co-operation between the Colonial Empire and
Kew. One of the first essentials was for the Economic Botanist to
obtain an appreciation of local conditions and to effect a personal
liaison with the staffs of Agricultural Departments. The visits made
by Mr, Sampson to the West Indies, British Guiana, British Honduras,
the Bahamas, Bermuda, and the West African Colonies, combined
with his previous experience in India, Malaya, Ceylon and South and
East Africa, have specially equipped him to visualise the needs of
different parts of the Colonial Empire.

Special mention should be made of the comprehensive inventory
of the economic crops of sub-tropical and tropical parts of the
Empire, undertaken by the Economic Botanist as a result of a
Resolution passed at the Conference of Colonial Directors of Agriculture
held in July, 1931. Even in its present incomplete state, this work
has proved of value, but the inventory itself is, it is hoped, only the
preliminary to more intensive investigations on staple food—and
export—crops. When it is considered that nothing of this nature
has ever been attempted before, the potentialities of the work for the
improvement of crop-production in the Empire are obvious. It is
unnecessary to emphasise the beneficial effect of such improvement
on the general economic conditions of the Empire as a whole.

That the widened sphere of usefulness of Kew is appreciated is
shown not only by the great increase in correspondence, with the
Colonies in particular, but by the greatly increased number of
botanical specimens received for identification and for information
as to their economic value. Kew is now able to give prompt and
adequate attention to enquiries and requests for identification.
The specimens sent to Kew annually during the last few years are
almost five times greater than they were ten years ago, while last
year, 140,000 sheets were received. All these specimens have to be
prepared, mounted and critically examined before they can be
incorporated in the Kew collections. In many cases new species
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may be represented, or the collections may include a large number of
plants from one or other of the Colonies on whose Floras the botanists
at Kew are engaged.

One botanist is engaged in writing a Flora of British Guiana,
which -has long been needed; another is working out the grasses
of tropical Africa to complete the Flora of that region ; and a third,
following visits to Southern and Northern Rhodesia, is working on a
Flora of Rhodesia.

The period for which the Board’s grants were approved expired on
the 31st March, 1933, but economical administration resulted in an
unexpended balance being available at that date. The Board,
impressed with the need for maintaining these services, has agreed
to continue its support of the work till September, 1933.

DIETETICS

Research in the Vitamin Content of Fruits, Vegetables and Dairy
Produce

As mentioned in last year’s Report, the Board agreed that the
unexpended balance of its five years’ grant to the Medical Research
. Council for vitamin research at the Lister Institute might be used for
continuing the work. The full grant became exhausted at the
31st March, 1933.

During the year the Report on Australian, New Zealand and English
butters has been published.* This deals with the effects upon the
vitamin content of different methods of preparation, transport and
storage. It demonstrates that butters imported from Australia and
New Zealand show a high and uniform potency in vitamins A and D,
and that they are equal in this respect to the best summer butters
produced at home. This finding is the more important in that these
butters from the southern hemisphere are available in the English
winter when the vitamin content of milk and butter produced in
northern latitudes falls below its summer level. The report also
shows that the fat-soluble vitamins in butter have great stability in
cold storage.

* “ Vitamin Content of Australian, New Zealand and English Butters,” by M. E. F.
Crawford, E. O. V. Perryand S. S. Zilva. Medical Research Council Special Report
Series No. 175. Published by H.M. Stationery Office (price 1s.).
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TROPICAL RESEARCH STATIONS

Imperial College of Tropical Agriculture, Trinidad
The Board has approved a grant of £14,400 as a grant in aid of the

rlrsl)a;;tenance of the College during the year ending the 31st August,

The College is the recognised centre for post-graduate training in
tropical agriculture for the agricultural services of the Colonial
Empire. The total number of students in residence during the year
1931-32 was forty-five, of which twenty-five took the post-graduate
course. Of these, twenty were Colonial Office scholars, two were
Empire Cotton Growing Corporation students, one was an officer of
the Gold Coast Department of Agriculture, and two were from Siam
and Ceylon respectively, the latter being a Government scholar.

In addition to providing courses of study, the College has pursued
long-range research in agriculture, botany, chemistry and soil science,
and economics and on tropical crops. An account of research work
on bananas and other tropical products is given on pp. 20 and 21 of
this Report.

The Governing Body have long had before them the importance of
building up a substantial Endowment Fund. A donation of
£32,000 towards this object has been received from the Carnegie
Corporation.

East African Agricultural Research Station, Amani, Tanganyika
Territory

Research work of wide application to agricultural problems in the
East African Territories continues to.be carried out by this Station.
Work on the rooting habits of Coffea arabica is producing results
which may be of considerable importance to the coffee industry of
East Africa. Important results have been secured from the investi-
gations of the Pathologist, in co-operation with the Mycologist of
the Deparment of Agriculture of Nyasaland, and it is hoped that
control measures for the ‘ yellows’ disease of tea will nhow be
effective. The Plant Pathologist is performing wvaluable work,
particularly in connection with the white fly vector which transmits
various diseases of maize, and has started investigations of the
rosette disease of groundnuts and the mosaic disease of cassava.
The Biochemist and the Plant Physiologist are attacking problems of
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importance to plantation crops, and the Geneticist has made good
progress in crop improvement studies for coffee and sisal. A pro-
gramme has been drawn up for an investigation by the Entomologist
into the ecology of insect pests of coffee.

The Board has agreed to continue its support of the Station’s work
till September, 1933.

SUGAR

Sugar Research in the West Indian Area

It has been possible for the Board to give effect in part to the
recommendations of the Imperial’Sugar Cane Research Conference
of 1931. That Conference recommended (i) the establishment of a
Central Cane Breeding Station in Barbados and of a Central Quarantine
Station in Trinidad for introduced plant material ; (ii) the continuance
of the cane breeding work in British Guiana previously assisted for
one year by the Board; and (iii) soil, ecological and entomological
investigations in connection with the estate cultivation of sugar cane
and investigations in connection with cane farming in Trinidad.

Barbados.—A scheme setting out in detail the organisation of and
estimated expenditure for working the proposed Central Cane Breeding
Station was drawn up in June, 1932, by the Agricultural Department
in Barbados in consultation with the Agricultural Adviser to the
Secretary of State for the Colonies, who was then visiting the Colony.
This was submitted to the Empire Marketing Board which approved
a maintenance grant for one year, with an additional grant for capital
expenditure to be incurred during that year, to assist the conversion
and extension of the present work on sugar cane breeding in Barbados
into a central cane breeding station.

Trinidad.—A capital grant to the Government of Trinidad from
the Colonial Development Fund has enabled effect to be given
to the recommendation in favour of a Central Quarantine Station in
Trinidad. The work which the Sugar Conference recommended
should be initiated in Trinidad in connection with soil, ecological and
entomological problems associated with estate cultivation and cane
farming investigations has been made possible by a maintenance
grant from the Empire Marketing Board to the programme of
work drawn up by the Sugar-cane Investigation Committee which is
financed by funds contributed by the Trinidad Government and the
sugar planters and manufacturers of the Colony.
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British Guiana.—A further grant for one year was approved by the
Board in June, 1932, as a contribution to continued and extended
work by the Colony’s Sugar Experiment Station at Sophia on the
breeding of improved varieties of sugar cane.

Sugar Research in Mauritius ,

The Physiological Botanist appointed to the Mauritius Sugar
Research Station, who underwent a special course in applied plant
physiology at the East Malling Fruit Research Station before pro-
ceeding to the Colony (see p. 63), assumed his duties in April, 1932,
when the staff at the Station was brought up to full strength for the
first time since its opening.

Good progress has been made with the cane breeding programme
under the Senior Geneticist. The main object is the production, by
modern methods, of high-yielding, disease-resistant hybrid seedling
canes to replace the old varieties which are now proving inefficient
when judged in the light of recent results obtained elsewhere, notably
in Java. Over 125,000 hybrid seedlings were produced in the first
two seasons. The first (1930) year’s seedlings, planted out in 1931,
have matured and much time has been devoted to the study and
selection of seedlings in the field. Several crosses already promise
to prove vigorous and resistant cane types. Trials on the resistance
of seedlings of various crosses to Gumming Disease are beginning to
yield results which will be of value in indicating what crosses to avoid
when breeding for resistance to Gummosis.

The work of the Biochemical Division has been concermned with
soil analysis and analytical methods, a soil survey to define the
approximate limits of the various soil types, manurial experiments
on estates to determine the optimum quantities of nitrogen, phos-
phatic or potassic fertilisers to be applied to virgin canes, a study of
the organic content of the Mauritius soils and the optimum conditions
needed for nitrification, a study of moisture relationship in the soil,
and the analysis of cane juice with a view to determining the
deficiencies of mineral elements in the soil.

The Physiglogical Division’s main programme is the investigation
of the course of growth in an important sugar-cane variety throughout
the seasons, the analysis of the root systems of important vareties,
and the study of root growth throughout the season. Other work
planned for the future includes the study of the rooting systems of the
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‘“ Big Tanna” (the standard sugar-cane grown in Mauritius) and
P.0.J.2878 (the celebrated Java variety), an analysis of growth rate
experiment figures for the same varieties, further trials with nutrient
and disinfectant media for the preservation of cut arrows used in
cane breeding work and further trials to discover the best methods
for rooting canes, and a study of methods for propagating cuttings,
and for identifying cane varieties.

TEA
Tea Research in India

In 1929 the Board, on the recommendation of the Imperial Council
of Agricultural Research for India, approved a capital grant to the
Indian Tea Association towards the cost of establishing at Tocklai
a laboratory of plant physiology and a five years’ maintenance grant
towards the development of research on problems connected with the
constitution and composition of the tea plant.

Observations have been made and measurements taken of the growth
of leaves, internodes and buds of numerous tea shoots. The rate at
which-new leaves are unfolded from the bud has been studied and
experiments have been made on the ascent of sap in tea shoots. The
recognition of different types of banjhi buds (i.e. stunted buds from
which, as a rule, no further growth of flush can be looked for) during
different seasons is an important advance towards an understanding
of * banjhiness.” A satisfactory method has been found for fixing
and microscopically examining tannins in the tissues of the tea plant.
Data in regard to leaf production and observations relating to propa-
gation have been collected, and the work as a whole is enabling
reliable conclusions to be drawn of considerable value to the industry.

TOBACCO

Tobacco Research in Southern Rhodesia

The scheme of investigation drawn up by the Southern Rhodesian
Government for the Tobacco Research Station at Marandellas was
outlined in last year’s Report. This has now got well under way
and it is hoped that the development of the Station’s programme will
yield results which may throw light on problems in other tobacco
producing countries of the Empire.
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General

In accordance with the recommendations of the Imperial Economic
Committee in its Report on Tobacco, the Empire Marketing Board
in February and May, 1930, convened Conferences at which the
question of the interchange of information was discussed. In 1931,
Mr. D. D. Brown, the Chief Tobacco Expert of Southern Rhodesia,
visited the United Kingdom at the Board’s invitation to discuss
his Government’s scheme for a Tobacco Research Station at Maran-
dellas and at a further meeting, which Mr. Brown attended, the need
for co-operation in tobacco research was specially discussed.

Following these preliminary discussions and subsequent consulta-~
tion with the Imperial Institute, Government and producers’
representatives and the Imperial Tobacco Company, the Board,
in December, 1932, issued a circular letter to all tobacco producing
countries of the Empire forwarding two memoranda prepared by
the Imperial Institute, one indicating the main problems requiring
investigation and the other the scope of the Institute’s work on tobacco
ﬁ'oblems. A summary was also enclosed of the scheme of work at the

arandellas Research Station in Southern Rhodesia. These memo-
randa set out the facilities provided by the Imperial Institute as a
clearing house of information on tobacco, and were designed to
encourage co-operation in tobacco research among the wvarious
producing countries. At the time of preparing this Report replies
to the Board’s letter are to hand from Canada, Australia and
New Zealand containing statements of the work that is being
done. in those Dominions.

A statistical survey of tobacco production and trade in tobacco
products has been begun by the Board's staff and will be published
in due course.

COPRA

Research in Malaya on Preparation of Copra for Export

In 1928 the Board approved a grant to the Government of the
Federated Malay States in aid of research on the best methods of
preparing high grade copra for export. It had long been known that
compared with Ceylon copra the Malayan product was generally
regarded as inferior in quality and realised a lower price on the market.
The reason for this was, however, obscure.

75



The object for which the work was started was to ascertain wherein
consisted the difference between Malayan copra and Ceylon copra.
In 1931 the Assistant Chemist in charge of the work visited Ceylon for
the purpose of comparing the conditions under which coprais produced
in that Colony with those of Malaya.

As a result of the work the reasons for the lower quality of Malayan
copra have been made clear and methods which would lead to
improvement have been indicated. A Bulletin* has been issued
describing the conditions under which coconuts are grown and copra
is prepared in Ceylon and giving an account of the results of the work
in Malaya.

TUNG OIL

Tung Oil Production and Research

Experimental trials with Tung trees, initiated during the past
four years by the Imperial Institute Sub-Committee on Tung Oil, in
collaboration with the Royal Botanic Gardens, Kew, and the Research
Association of British Paint, Colour and Varnish Manufacturers, are
still in progress and as a result information is being obtained in regard
- to those parts of the Empire which are most suitable for the cultivation
of this crop. So far the most promising results have been obtained
in Burma and Assam. In an increasing number of countries the trees
have commenced to bear fruit. Samples of Tung nuts or oil from
Assam, Bihar and Orissa, Ceylon, Nyasaland, Kenya, Natal and New
Zealand have been examined and compared with the products from
China and the United States, and the results indicate that it is
possible to produce in the Empire Tung Oil of satisfactory quality.
Although in many parts of the Empire the trees have started to bear,
the trials have not yet been in progress sufficiently long to enable
definite conclusions to be drawn as to yields of fruit or as to the
economic possibilities.

The Paint Research Association has been carrying out investigations
on various problems relating ta the production of Tung oil. Besides
examining samples from Empire sources the Association has conducted

* “ Investigations on Coconuts and Coconut Products,” by F. C, Cooke, AR.C.S,,
B.Sc., AM.I.Chem.E., Assistant Chemist for Copra Investigations. Department of
fg,gsr;culture, Straits Settlements and Federated Malay States, General Series No. 8,

6



research on the preparation of the oil and, in co-operation with one

of the large firms of oilcrushers, has investigated the respective

merits of the expression and extraction processes. Existing methods

éor the evaluation of Tung oil have beén developed and new ones
evised.

Trials carried out at the Rowett Research Institute, Aberdeen, have
shown that Tung seed meal is not suitable for feeding to animals.

Steps have been taken by the Imperial Institute to interest British
firms in designing machinery suitable for the decortication of Tung
fruits and nuts.

LAC

Lac Research and Marketing

The Board’s Report for 1929-30 referred to a grant to the Govern-
ment of Bihar and Orissa to meet half the cost for a period of five
years of the employment of a Lac Marketing Expert in England to
supplement lac research being carried out in India. Mr. A. J. Gibson,
who holds this post, has made extensive contacts with the industries
which use large quantities of resins, and with the research institutes
concerned, and is investigating the optimum qualities required by
consumers of lac to conform to modern factory technique. In
addition, he has conducted a number of tests to elucidate problems of
practical importance, raised in the cougse of discussion with actual
users and research workers in the electrical, paint and varnish,
plastics, gramophone record and other industries using shellac.

In India, the research work at the Lac Research Institute at
Ranchi is concerned primarily with fundamental questions such as the
life history of the lac insect, its insect enemies, the bionomics and the
biochemical problems surrounding the insect itself and the host trees
on which it feeds and the production ‘and preliminary treatment of
sticklac, seed-lac and shellac. In Europe, the International Electro-
technical Commission of 1930 through its Advisory Committee on lac
is preparing an international specification for buying lac for the
electrical industries, the British National Committee of the com-
mission being the British Standards Institution. Mr. Gibson is chair-
man of the above advisory committee, and also of the Lac Sub-
Committee which was appointed in 1931 by the Advisory Committee
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on Essential Oils and Resins of the Imperial Institute. Research
activity in India and the United Kingdom thus covers all stages in
the production and use of lac, from its harvesting as sticklac in India
to the finished semi-raw material ready for use in the industries
requiring it.

Throughout the period during which the Empire Marketing Board
enquiry has been i progress, lac, like other tropical products, has
suffered from the continual fall in the general price level. This,
however, is not an unmixed evil, as lac products are thus available
at prices which make it possible for them to compete on level terms
with “ synthetic ” or substitute resins. Much work has still to be
done in applied research on lac to improve present uses and processes
and to find newuses. In order to maintain its position in theindustries
consuming natural and synthetic resins, lac must be freed from some "
of its present limitations, such as for instance low resistance to
softening and deformation at temperatures met with in modern
industrial practice, lack of resistance to water and water absorption,
and the unstable properties of bleached lac. Experimental work so
far done shows that lac mouldings can be made to resist temperatures
up to 140° C., that de-waxed lac has a promising future in varnishes
and polishes in combination with cellulose lacquers and that the
problems of the oil-solubility of lac and of the esterification of lac are
capable of solution. But quite apart from these advanced studies
in the application of lac in modern industry it has already been found
that good seedlac washed perfectly free from dye and impurities and
converted without delay intb shellac under controlled heat conditions,
with no addition of adulterants such as rosin or orpiment, gives an
article of commerce which, provided the price is competitive, meets
with approval in the consuming industries. The Indian Lac Cess
Committee is now fully aware of the difficulties surrounding the use of
shellac in modern industry and is at present considering a scheme of
research whereby three Indian chemists will be attached to applied
research laboratories in the United Kingdom to study and elucidate
the trade problems which will be put before them by the Lac Marketing
Officer. In India, as a preliminary to compiling and publishing
exact data on the physical, chemical and mechanical properties of
shellac—a very large problem, a solution of which would be of great
assistance to practical applied research in this country—the deter-
mination of the physico-chemical constants of sticklac, host by host,
district by district and crop by crop has to be taken in hand. -

48



In the new field of the plastics industry lac should have an assured
position if, as some experts think, the future of the plastics trade
tends towards design being built round the special properties of a
plastic rather than the other way round. In any case, given a
continuous and progressive policy of research, both in the funda-
mental and in the applied research problems surrounding the
utilisation of lac, and, of course, stability of price on a competitive
basis with the synthetic resins, there is no reason to doubt that lac
will not only retain the position it has held so long in the markets
of the world as a sound varnish and plastics material, but will also
extend its scope and its uses and will be able to compete with its
synthetic rivals on equal terms.

FLAX

Linen Industry Research Association, Lambeg, Northern Ireland
The chief aim of the Flax and Fibre Production Department,
whose work the Empire Marketing Board is assisting, is the production

of a high grade of fibre at a processing cost distinctly lower than any
which has been touched hitherto.

Some time has been spent during the past year in an analysis of
the cost of production of flax fibre under various existing systems
and in a study of the factors, other than agricultural, which underlie
the production of high quality fibre. The general conclusions were
that the production of high quality and high yield of fibre are not
necessarily dependent on any patentable process; that the chief
factoris the care given to maintaining the straw in a parallel, unbroken
and level condition at every stage, with, in addition, uniform retting ;
that the chief cost is the hand labour required to straighten and level
the straw; and that the introduction of de-seeding and scutching
machines, whilst it has decreased the labour employed in these two
operations, has not increased the yield and quality of fibre, nor
assisted mechanising the correct handling of flax straw. The next
stage was to search for some basis on which to build up a system of
flax working employing the minimum of hand labour, whilst retaining
the desired parallelism and levelness of the straw. The de-seeding
operation is the earliest stage at which the flax can be straightened
up and levelled, and furthermore, flax straw is required in a thin
layer for de-seeding, for drying after retting and for entry to a
scutching machine. It was, therefore, conceived that if, at the
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de-seeding, the flax could be securely fastened in a mat form it might
be passed through all the later stages with a minimum of handling
and without derangement. Many experiments have been devoted to
the problem of fixing the de-seeded straw in mat form:. A special
chain stitch sewing machine was designed and built at the Institute
with which several tons of flax straw have been successfully sewn
into mat form. The advantage of sewing the flax into mats 1s most
evident in the drying of the retted straw since the laborious and”
destructive practice of dividing the wet flax into handfuls for spreading
and the subsequent operations of cocking and turning are entirely
eliminated ; it is only necessary to unroll the mat against a wire
and re-roll when dry. The completion of a satisfactory breakfé;'::for
flax in the mat will form the last main link in the process leaving
only.minor refinements to be worked out. '

Excellent results were secured from the pedigree flax crop grown
by His Majesty the King at Sandringham. Compared with flax from
the U.S.S.R., this crop, processed under ordinary conditions, produced
treble the yield per acre and a fibre worth over £20 per ton more.
At present 80 per cent. of the raw material of the British Linen
Industry is supplied from the U.S.S.R. A small exhibition of the
products of the King’s flax and the general processes of linen manw
facture was staged at the Sandringham Show in July and by special-
tequest it was staged again at Sandringham in August for the private
inspection of Their Majesties. The Empire Marketing Board has
undertaken to publish, in its “ Grey Book” series of Reports, an
account of the Sandringham experiment and its bearing on flax
growing and fibre production.

_PINEAPPLES

Pineapple Canning Industry in Mauritius o

Last year’s Report referred to a grant to meet half the cost of
importing 300,000 pineapple crowns from Hawait into Mauritius in
connection with attempts which are being made to establish a pine-
apple canning industry in the Colony.

The consignment was received in Mauritius in remarkably good
condition considering the length of the voyage, and approximately
75 per cent. of the plants were viable. This has resulted in a com-
paratively large area being laid down in the Smooth Cayenne variety

of pineapple.
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FORESTRY AND FOREST PRODUCTS

Forest Products Research Laboratory, Princes Risborough

Dyring 1932 applications for four major scale tests, three limited
majar scale tests, two preliminary tests and one special test were
chifsidered and accepted by the Empire Timbers Committee. Major
scale tests of Munyama were undertaken on behalf of the Forest
Department of Uganda, and it is anticipated that a report on the
results will-be issued in the near future. Major scale investigations
of Ceylon Gurjun were begun in the latter part of the year at the
request of the Forestry Department of Ceylon. It is hoped that an
expbft trade in this timber may be developed as a result.

?- Crabwood from British Guiana was submitted to a preliminary
investigation to determine whether it was suitable for the manu-
facture of airscrews. The timber proved exceptionally prone to
splitting however, and for this reason, unsuitable. Further experi-
ments have been recommended to investigate the possibility of
seasoning it in such a way as to prevent splitting.

Reports have been issued on the preliminary investigations of
Greenheart, Purpleheart and Wallaba from British Guiana, and of
Meranti Tembaga and Keruing from Malaya. Wallaba, owing to a
high gum content and a remarkable propensity to splitting, is unlikely
to prove suitable for marketing in the form of sawn material in this
country. Some interest in both the Malayan timbers has recently
been apparent in trade circles. Sanfa Maria from British Honduras,
Musis: and Mujua from Uganda, Coachwood from Australia and Ofun
frfoin Nigeria were undergoing preliminary investigations at the end
of 1932.

Special tests of the acid-resisting properties of Abura from Nigeria
have been suspended. This work was originally undertaken at the
request of Lloyds Shipping Register to determine whether the timber
was suitable for lining oil-carrying ships, but Messrs. Lloyds have
since intimated that they are now satisfied that no wood is likely
to prove suitdble for this purpose. The investigations to discover
a satisfactory method of softening East African Pencil Cedar have
proceeded so satisfactorily that a process developed at the Laboratory
1s now undergoing commercial scale tests and it may be regarded as
reasonably certain that the process in its present or slightly modified
form will become a commercial proposition. A special investigation
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of the mechanical properties of Turpentine has been undertaken
at the request of the Falmouth Docks and Engineering Company to
obtain strength statistics upon which specifications for marine
constructional work will be based. A consignment of 58 sleepers of
Mora was received from the Forest Department of Trinidad and
these are being tested to determine whether they can be satisfactorily
impregnated with creosote. Durability tests of Western Hemlock
and Western Red Cedar are proceeding.

An investigation of the kiln seasoning properties of Silver Beech
has been carried out for the New Zealand Government, and com-
mercial tests of Indian-grown Honduras Mahoganv were completed
during the year and a report issued in July. The tests indicated that
the Indian timber is very similar in quality to that grown in British
Honduras and the growing of this species in India appears, therefore,
to offer commercial possibilities.

With the consent of the Department of Scientific and Industrial
Research, and with the support of the Governments concerned, the .
Empire Marketing Board has recently arranged for Major F. M.
Oliphant, the Assistant Director of Research at the Laboratory, to
visit Nigeria and the Gold Coast. This experiment in securing closer
contact with Colonial Forestry Departments is expected to yield
valuable results and useful guidance as to future policy.

MECHANICAL TRANSPORT

The Oversea Mechanical Transport Directing Committee has been
chiefly occupied during the past year in testing and improving the
first 15-ton unit. It will be remembered that this unit consists of an
8-wheeled tractor and two 8-wheeled trailers, designed to provide
transport over cheaply constructed roads at an economic cost. On
the completion of 5,000 miles running in England certain modifications
were carried out in order to strengthen the driving shafts and
increase the wheel articulation of the tractor and to decrease the
tare weight of the trailers. After further tests to ensure that these
modifications were satisfactory, the unit was shipped to the Gold
Coast in February, 1933, to undergo further trials there. The
vehicles are now running between Kumasi and Tamale—a distance
of 240 miles. Detailed records are being kept to enable the running
costs to be ascertained.
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A second 15-ton unit has recently commenced its tests. The
Committee has embodied in the vehicles the improvements which
it found possible as a result of experiments conducted with the
first unit. * The second tractor is fitted with a heavy oil engine and
its design has been simplified. It is proposed to test this unit also
in England and then to send it abroad for further trials on some
commercial transport route.

It is hoped, if sufficient funds are available, to apply the lessons
learnt as a result of the construction and tests of these units to the
design of a unit built on similar lines to handle a useful load of 30
tons. The Committee believes that with such a unit it should be
possible to handle freight at a total operating cost of about 3}d. per
ton mile, even in areas in which no return loads are available.

The tests carried out in the Sudan with a 30-cwt. lorry fitted with
special tyres and a “ Still ”” tube radiator have yielded data that
will be useful to those concerned with transport over soft and sandy
ground in areas with high sun temperatures.

Trials of various motor vehicles likely to be useful for work over-
sea have been continued during the year. Confidential reports on
these trials are circulated for the information of officers who may be
interested and any shortcomings revealed by the tests are discussed
with the manufacturers.

The publication of the Quarterly Bulletin has been continued
during the year.

FISHERIES

Fishery Research in Newfoundland

The objects of the Newfoundland Fishery Research Commission
are the investigation of the life-histories, fluctuations and movements
of the principal fishes of Newfoundland, and the improvement of
some of the existing methods of processing and marketing the fish
%roducts and by-products. As mentioned in last year’s Report a

iological Laboratory was established in 1931 in the outport of Bay
Bulls about 18 miles south of St. John’s,

On the biological side the aim during the first year’s operations
was to make a general and rapid survey of the fauna and its relation-
ships in the waters of the area accessible to the fishing activities of
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Newfoundland. Data were collected during a cruise of the research
vessel “ Cape Agulhas,” and the shore fishery (caplin, salmon, cod,
etc.) was investigated throughout the season in the neighbourhood
of the Laboratory; in addition tours were made on the various
coasts by fishery officers. The data is being dealt with in the
Laboratory. First studies of the salmon and caplin have been
completed and published.*

Investigations have been initiated into the properties of Newfound-
land Cod Liver Oil with special reference to the correlation of colour
and vitamin content. A study has been made of the scientific
principles involved in the processing of cod-fish by salting and drying,
and a series of bacteriological examinations of fish products has been
carried out with a view to aiding inspectors who have to certify or
reject products. In connection with by-products, fish meals prepared
from many sources are being analysed to determine market grade
and mixing quality. -Soaps have been prepared from stearin residues
and fish-glue from the skins of salmon.

The First Annual Report of the Fishery Research Comnxission’r
gives a full account of the programme of work.

MISCELLANEOUS

Comparative Study of Methods of Soil Analysis

The Report on the comparative study of methods of soil analysis,
carried out with a grant from the Board at the University College of
North Wales, was completed in December, 1932. It has been issued
by the Imperial Bureau of Soil Science in its series of Technical
Communications.}

* ““ Biology of the Salmon (Salmo salar L.) taken in Newfoundland waters in
1931,” by Sheila Taylor Lindsay and Harold Thompson. Reports of the Newfound-
land Fishery Research Commission, Vol. I, No. 2, 1932. “ Observations upon the
Economic Biology of the Caplin (Mallotus villosus, O. F. Miiller),” by G. F. Sleggs.
Tbid., Vol. 1, No. 3, 1932.

1 * Annual Report, year 1931.” Ibid., Vol. I, No. 4, 1932,
} ¢ The Dispersion of Soils in Mechanical Analysis.” Technical Communication
No. 26 of the Imperial Bureau of Scil Science. H.M. Stationery Office (price 2s. 04.).
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TRAVELLERS

It has not been possible, on account of the limited resources
available to the Board during the past year, to give effect, to the
extent desirable, to the policy of assisting the interchange of
scientific personnel, of producers’ representatives and of marketing
experts. A limited amount of travelling by scientific experts has,
however, been possible. Mention has already been made of the visit
to Australia and New Zealand by Mr. William Davies, the *“ Empire
Grassland Officer ” from Aberystwyth, and of the visit to Nigeria
and the Gold Coast by Major F. M. Oliphant, of the Forest Products
Research Laboratory, Princes Risborough, with a view to establishing
closer contact with Colonial Forest Departments. Dr. 1. B. Pole-
Evans, Chief of the Division of Plant Industry in the Union of South
Africa, visited Swaziland in May, 1932, for the purpose of studying
pasture grasses. At the invitation of the Dominion Agrostologist,
Dr. J. W. Gregor, of the Scottish Society for Research in Plant
Breeding, has visited experimental stations in Canada to study
Canadian pasture conditions and to arrange for the exchange of
})asture plants. He also visited Eastern America to collect material
or investigations dealing with the composition of geographical
races. Mr. F. A. Stockdale, Agricultural Adviser to the Secretary
of State for the Colonies, returned in May, 1932, from a four months
visit to the West Indies, Bermuda, British Guiana and British
Honduras. The exchange between Mr. R. V. Harris of the East
Malling Fruit Research Station and Dr. G. H. Berkeley of Ontario,
referred to on p. 65 of this Report, will take place in June of
this year.
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II. MARKETING, ECONOMIC INVESTIGATION
AND MARKET INTELLIGENCE
MARKETING OF HOME AGRICULTURAL PRODUCE

ENGLAND AND WALES

Grants amounting to £66,000, which included a special sum of
£17,500 provided from the Exchequer for foreground publicity and
passed through the Empire Marketing Fund as a matter of
administrative convenience, were made available to the Ministry of
Agriculture and Fisheries for marketing services in 1932-33. These
grants were devoted to the services described below. For the first
half of the current financial year (st April to 30th September, 1933)
grants of £32,500 have been approved which include £8,250 for
foreground publicity purposes.

Investigations and Reports—In developing its programme the

Ministry first undertakes a thorough investigation for each commodity
with a view to formulating suggestions for improvement on the lines
of standardisation and organisation. The results of these investiga-
‘tions are published in the Economic Series of Reports—popularly
known as the “ Orange Books.” The number of Reports issued 1s
now 34, and over 186,000 copies have been sold. Three Reports were
issued during the year and further Reports—on the marketing of
vegetables, jam, calves and veal, and hides and skins, on the fruit
canning and bottling industries, and on the organisation of milk
marketing abroad—are in preparation.

Demonstrations.—Demonstrations’ in improved methods of
marketing were staged at sixteen of the principal agricultural shows
during the 1932 season. These dealt with standard methods of
preparing commodities for market and types of organisation for the
marketing of wool and potatoes.. The range of subjects included
those commodities to which the National Mark has already been
applied, and those for which it is proposed to introduce National
Mark schemes in the immediate future. Demonstrations were also
given at certain other shows and exhibitions such as the Imperial
grm]t:I Ssllllow, the London Dairy Show, and the Smithfield Club Fat

toc ow.
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Standardisation.—National Mark schemes are now in operation
for-beel (in” London, Birmingham, Leeds, Bradford and Halifax),
eggs, dressed poultry, apples, pears, plums, strawberries, cherries,
tomatoes, cucumbers, canned fruit and vegetables, bottled fruit and
vegetables, cider, wheat flour, malt flour, malt extract, honey,
cauliflower and broccoli, and cabbage lettuce. The last two schemes
were introduced early in 1933. Schemes for applying the National
Mark to gooseberries, blackcurrants, redcurrants, raspberries, logan-
berries, grapes, asparagus, bunched carrots, celery, brussels sprouts,
jam, Cheshire cheese, and mutton and lamb are under consideration.

In all the schemes, quality-control has been exercised by inspections
at factories or packing premises where products intended for
processing or packing under the National Mark were being dealt with.
In addition, the packed product has been inspected at the wholesale
markets and other centres of distribution, including wholesalers’
and retailers’ premises. During 1932, over 3,000 visits were paid to
packing premises and approximately 2,250 inspections of packed
produce on distributors’ premises were made.

In the case of processed commodities, e.g. canned fruits and
vegetables, cider, flour and honey, samples were taken at the point
of production, and also in shops. These samples were examined at
the Campden Research Station or at the Government Laboratory.
Thus, nearly 2,000 samples of canned fruits and vegetables and
approximately 400 samples of flour were examined in 1932.

Reports on samples were furnished to the authorised packers and
any breaches of the statutory requirements as regards quality, etc.,
reported to the appropriate Trade Committee.

Satisfactory results were recorded during the past year, the
schemes that were particularly successful being those for eggs and
canned fruit and vegetables. The number of eggs handled by the
National Mark egg packing stations during 1932 was 384 millions, an
increase of 73 millions on the number handled in 1931. The output
of National Mark eggs has nearly doubled in the past two years.
Increased quantities of National Mark canned fruit and vegetables
were also put on the market. ~ :

Well over a quarter of a million sides of beef were graded and marked
during the year 1932 for the trade in the three areas—London,
Birmingham and Leeds, Bradford and Halifax—in which grading
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facilities have been provided. By the end of that year, a total of
over 825,000 sides had been graded and marked. Increased use is
being made by farmers of the experimental scheme, introduced in
March, 1930, for the direct consignment of cattle for sale on a dead-
weight and carcase-grade (National Mark) basis.

Publicity.—The main items of publicity undertaken for National
Mark commodities were :(—

National Mark Shopping Weeks in nine provincial towns, at
which displays of National Mark products were staged. Other
local activities included press advertising, shop-window display
competitions, film displays, and essay-writing competitions for
school children.

Displays of National Mark products in other towns, including
those in which the Board had ‘“ Empire Shops.”

Advertising of National Mark beef in the Birmingham, Leeds,
Bradford and Halifax newspapers, and of other products in
trade journals and certain newspapers and periodicals with a
national circulation.

The Empire Marketing Board’s advertising frames were leased
on two occasions for the display of National Mark posters.

Display material issued to traders stocking National Mark
products.

Booklets and leaflets issued to the general public.

Lectures and film displays to producers, distributors and the
general public. For three months in the summer of 1932, two
travelling film vans visited some of the larger centres of popula-
tion and in 1933 a portable sound projector has been tried with
good effect in connection with lectures to producers.

Flour and bread-making competitions at the Bakers’ and
Confectioners” Exhibition.

Shop Window Display Competitions in Birmingham, Leeds
and London, : :

Cookery demonstrations.in association with gas and electricity
undertakings. ’

In addition, circular letters were sent to traders’ associations and
others, and material was prepared for articles, press paragraphs,
and for broadcasting.
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Organisation.—A Report on the Organisation of Wool Marketing
was issued as an ‘‘ Orange Book " in June, 1932.

Reorganisation Commissions were appointed by the Minister of
Agriculture and Fisheries under the Agricultural Marketing Act,
1931, to prepare schemes for regulating the marketing of pigs and
pig products, milk, and fat stock, respectively. The Reports of the
first two Commissions were published as ‘“ Orange Books.” The Fat
Stock Commission is still pursuing its enquiries. Marketing schemes
for pigs, bacon and milk, and also for potatoes, have been submitted
to the Minister and are now under consideration.

Miscellaneous.—Sub-grants have been made by the Ministry to
certain University Departments of Agriculture, Agricultural Colleges,
and to co-operative and other commercial organisations, to enable
them to conduct various marketing investigations or experiments,
or to serve as demonstration centres.

SCOTLAND

Grants amounting to £6,510, which included a special sum of
£2,060 provided from the Exchequer for foreground publicity and
passed through the Empire Marketing Fund as a matter of adminis-
trative convenience, were made available to the Department of
Agriculture for Scotland for marketing services in 1932-33. These
grants were devoted to services in respect of the marketing of beef,
eggs, tomatoes and canned fruit, Scottish National Mark Labels,
exhibits of Scottish National Mark and other Scottish produce,
economic enquiries and other activities. For the first half of the
current financial year (1st April to 30th September, 1933) a grant of
£4,380 has been approved. This includes £1,030 for foreground
publicity purposes.

National Mark Schemes.—No new Scottish National Mark Schemes
were inaugurated by the Department. The commodities to which
the Mark has been applied are :—eggs, tomatoes, ware potatoes,
malt products, canned fruit and beef.

Eggs.—The number of registered packers of eggs is now 46. Since
the inception of the scheme 128,000 National Mark Labels have
been issued, representing approximately a quantity of 3} million
dozens of graded and tested eggs produced in Scotland.
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Tomatoes.—There are now 68 growers approved as registered
packers of Scottish National Mark Tomatoes and to date 132,500
labels, representing nearly 700 tons of tomatoes, have been issued
to them. '

Potatoes.—Thirty-four potato growers and merchants are authorised
under the Scottish National Mark scheme for ware potatoes and
42,500 labels have been issued in respect of this scheme.

Malt.—The number of manufacturing firms authorised as packers
of malt extracts and malt flours manufactured wholly from Scottish
home-grown barley is the same as in 1931, viz., twelve.

Beef.—The Report of the Second Inter-Departmental (Kirkley)
Committee* appointed to “ review the progress made by the English
and Scottish schemes for grading and marking beef,” was issued in
March, 1932. The Committee recommended that pending the
formation of an organisation of beef feeders which under the
Agricultural Marketing Act, 1931, might enforce grading and marking,
the Departments of Agriculture should be empowered to carry on
the scheme in prescribed areas and recover the cost of grading and
marking from the owner of the beef.

A small Committee was thereupon appointed and made proposals
for carrying the above-mentioned recommendation into effect. In
October, however, a Reorganisation Commission was appointed to
prepare a scheme for regulating the marketing of fat stock in Scotland
and meantime the Department arranged for the continuance of
the voluntary scheme to the 31st March, 1933.

The number of butchers and dealers registered for the purpose
of the scheme in 1932 was 208. During the year 58,737 sides of beef
were graded and marked representing approximately 8,250 tons of
beef. The facilities provided for the grading and marking in London
of pieces of Scottish-killed beef consigned from other areas in Scotland
were continued in 1932, and under this arrangement 382 pieces of
beef were presented for grading.

Canned Fruit.—The number of firms registered under this scheme
is now six. Five of these firms have been authorised to incorporate
the Scottish National Mark design in their private brand labels.
Accordingly the number of official labels issued by the Department

* Cmd. 4047, 1932,
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to registered canners is small, viz., 321,500, of which only 75,000
were 1ssued in 1932, As anticipated there was a great increase in the
output of Scottish National Mark canned fruit in 1932 as compared
with 1931. It isestimated that not less than 2,300,000 cans of Scottish
National Mark canned fruit were placed on the market in 1932.

Exhibitions.—In conjunction with the Fishery Board for Scotland
the Department organised displays of representative Scottish agri-
cultural and fishery produce at exhibitions in England and Scotland
in which the Empire Marketing Board participated, at Empire
Marketing Board shops, and at a few of the more important agricul-
tural shows in Scotland. Displays were presented at the following
exhibitions :(—

Nation’s Foods Exhibition, London, May—June, 1932.
International Grocers’ Exhibition, London, September, 1932.
British Industries Fair, London, February, 1933.

Scottish Grocers’ & Allied Trades Exhibition, Glasgow, March,
1933. \

Reports received by the Department indicate that participation
in these exhibitions continued to stimulate the demand for Scottish
produce and assist the home producer.

. National Mark Publicity.—The funds made available for foreground
publicity enabled the Department to continue their publicity service
for Scottish National Mark produce. The Board’s poster frames
throughout Scotland were leased and posters advertising Scottish
National Mark eggs and tomatoes exhibited thereon. By means of
adhesive transparencies the Department continued to advertise these
goods on omnibuses in the south-west of Scotland.

Improvement of Pork and Bacon Production.—In the first series of
feeding experiments with pigs, which covered the period January to
July, 1932, a comparison was made between the results of using (i) a
standard ration recommended by the Rowett Research Institute,
(ii) the same ration modified to suit local conditions and supplies,
and (iii) foodstuffs ordinarily used locally. These experiments were
of a preliminary nature and a second series is now proceeding. It is
hoped, as a result of the experiments, to draw up a list of alternative
standard rations which can be recommended for use by pig feeders
In varying conditions of the feeding stuffs market.
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Economic Investigations.—Reports upon the marketing of live-
stock and potatoes in Scotland have been completed and are in the
press.

'NORTHERN IRELAND

During the past year an enquiry into the marketing of dairy produce
was started. The existing data available in the Northern Ireland
Ministry of Agriculture have been collected and analysed and sub-
sequent investigations carried out in the principal creamery and
dairy districts. The field work has now been completed and a
report is being prepared.

Enquiries have been made into the possibility of introducing a
scheme for the grading of Northern Ireland store cattle, with special
reference to the export trade. The Department of Agriculture for
Scotland has assisted in this enquiry.

One of the suggestions made in the Report on the Marketing of
Northern Ireland Agricultural Produce, issued in May, 1932, related
to the encouragement of the sale of cattle by weight instead of by
head, as is the general practice in Northern Ireland. With the object
of interesting farmers in the sale of cattle by weight, arrangements
were made to hold cattle weight and value judging competitions at
some of the more important agricultural shows. These competitions
received a large measure of support.

An Agricultural Marketing Bill, on lines broadly similar to those
of the English Act, is being introduced into the Northern Ireland
Parliament, and the Ministry of Agriculture proposes to proceed
. with Marketing Schemes under the Act, starting with pigs and bacon.

A grant of £400 has been approved for continuing this work during
the first half of the current financial year.

The enquiry into the economic position of small farms was continued
throughout the year. Accounts are at present being kept on 40 farms
ranging in size from 12 statute acres to 155 statute acres. Seventeen
of these farms are now keeping accounts for the third successive
year whilst five are keeping them for the second successive year.
The average size of the farms which have kept accounts has been
around 60 to 65 statute acres.

The accounts which are kept in detail by a member of the farmer’s
household have been analysed and summarised up to the year
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ending 30th September, 1932, and comparative data are now available
for a small number of farms over the period during which the scheme
has been in force. It is hoped to issue an interim report in the near
future setting out the results of the enquiry to date.

MARKETING BRANCH

Market Promotion

The Board’s relations with trades and traders and its system of
direct market promotion have both been still further developed
during the year under the planning and supervision of the Marketing
Committee. Owing, however, to the general reduction in the funds
at the Board’s disposal, these developments have been along the
lines of existing activities rather than in new or experimental fields.

The value of the goodwill of the distributive trades to the successful
prosecution of the Board’s activities has long been recognised.
Every opportunity has accordingly been taken, through the Board’s
Advisory Trade Committees, by visits to trade organisations and by
contact and conversation both with officials of organisations and with
individual traders, to cultivate that goodwill. The creation and
maintenance of close relations with the distributive trades, and the
accumulation of expert knowledge of trade conditions are largely
intangible processes; they depend on day to day contacts and con-
sultations. The results, whilst of inestimable value to the Board’s
work as a whole, cannot be assessed with precision.

Bulk Purchasers

The results which have followed the campaign of direct approach
to bulk purchasers of commodities can be more definitely recorded.
Since the inception of this campaign the Board’s officers have visited—

(a) all the major Local Authorities in Great Britain and
Northern Ireland, with the result that tender forms covering
supplies to some 1,500 institutions have been submitted to the
Board for suggested amendment in favour of Empire purchases ;

(b) most of the principal Railway and Shipping Companies ;
(c) over 200 large hotels ; ‘

(d) 150 canteens ;

(¢) some 300 Public Schools, and

(f) 150 voluntary hospitals.
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In practically every case the approaches have met with a cordial
welcome ; indeed, in many cases the visit of the Board’s officer has
been made as a result of a spontaneous request for advice or assistance.
The Board’s records show that numerous changes from foreign to
Empire commodities, involving large quantities and a wide range of
products, are resulting directly from this campaign.

The work in this field has not been entirely confined to foodstuffs.
For example, every opportunity has been taken to advocate a wider
use of Empire timbers in building and constructional work; the
claims of ropes and cordage made from Empire sisal for marine and
other uses have been stressed ; English-made glass has been pressed
in substitution for foreign ; and hospital supplies have been examined
with a view to securing, wherever possible, the use of a home
manufactured article. In these, and in many other directions, the
Board has turned to full advantage the many contacts which have
been established.

The Work of the Trade Advisory Committees

The success of much of the work achieved under the direction of
the Marketing Committee can be traced directly to the advice and
assistance which have been rendered by the various Trade Advisory
Committees. The members of these Committees, representative as
they are of the importing, manufacturing, wholesaling and retailing
branches of the food trades, have freely placed at the Board’s disposal
their expert knowledge and wide experience. They perform an
invaluable service, not only in regard to the many problems of
production and distrjibution of commodities on which their advice is
sought, but also in maintaining and cementing the goodwill of the
distributive food trades which is so essential to the success of the
Board’s activities.

Commodity Enquiries

The Marketing Branch has dealt with a sustained volume of practical
enquiries about the marketing of Empire products. These enquiries
have covered a wide range of commodities, extending in someinstances
far beyond the range of goods normally stocked by food traders.
Many business men have called personally at the Board’s offices,
seeking information about the Empire sources of supply of particular
commodities or about possible avenues for the marketing of Empire
products in which they were interested. In dealing with such
enquiries the Board’s officers have maintained constant touch with

94



~ the London representatives of the Empire countries concerned. The
combination thus achieved between a wide range of experience in
the Board’s offices and the more detailed and special information
at the disposal of the Trade Commissioners of oversea Governments
has, the Board is satisfied, secured a degree of efficiency in market
romotion which neither type of agency could have secured in
1solation.

TRADE MEETINGS

Members of the Marketing Branch addressed meetings of Chambers
of Commerce and Trade, business men, distributive traders and
producers at the undermentioned places during the last twelve
months :—

Acton Ealing Port Talbot
Aldershot East Molesey Rochester
Barnes Edinburgh St. Albans
Birmingham Edmonton Scarborough
Brighton Hammersmith Sheffield
Bristol Hull Southend
Callander Hford Sydenham
Cardiff Kennington Twickenham
Chatham Kingston-on- Watford
Chingford Thames West Wickham
Chiswick Leatherhead Wing (Bucks)
Colwyn Bay Luton Wood Grgen
Croydon Newtown

Dover Newport

MARKET INTELLIGENCE SERVICES

The various market intelligence services established by the Board,
-dealing with fresh fruits and vegetables, canned and dried fruits,
dairy produce and pig products, have been maintained during the
{ear, their scope has been enlarged, and other improvements have
een effected. The Board’s limited resources have precluded the
establishment of new intelligence services, with the exception of
ani}hll% :r)’xgtes and statistics on wool, the first of which were 1ssued in
Ppr, .
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Fyesh Fruit—The Weekly Fruit Intelligence Notes have now
enfered Upon the seventh year of their publication. Circulation has
been well maintained in spite of an increase in the subscription rate
to 20s. per annum. At the end of March about 2,500 copies were
being distributed each week, including a free list of 1,400, mainly
composed of growers and organisations of growers in the Empire.

In order to make the Notes more nearly self-supporting, the
subscription rate has been further increased as from the 1st April,
1933, to £2 per annum to traders and £1 to producers and producers’
organisations in the Empire, the free list being greatly reduced. It
is too soon to say what reduction in circulation will result from these
increases in subscription rates, but it is already evident that there
will be a material increase in the subscription revenue.

Dairy Produce and Pig Products.—The Weekly Dairy Produce
Notes completed their fourth year at the end of May. During the
past year the range of information given in these Notes has been
extended, more attention being given to the frequent changes in
the European market situation brought about by tariffs and quotas.
Notwithstanding an increase in the subscription rate in June, 1932,
circulation has been practically maintained at about 2,500, the
greater part of these, however, going to Empire producers and
producers’ organisations, to whom no charge has so far been made.

From the beginning of the fourth volume of the Notes it is proposed
to increase the subscription rate to £2 per annum to traders, and to
charge Empire producers, dairies and associations £1 per annum.

Canned and Dried Fruit—The second year of issue of the monthly
Canned and Dried Fruit Notes has now been completed. During
the past year the particulars of arrivals of canned fruits given in the
weekly supplement to these ““ Notes ”” have been extended to show
the ultimate port of destination of canned fruits intended for tran-
shipment. The subscription rate for the Notes has been raised from
10s. to 20s. per annum, as from the 1st May. At the end of April
the circulation list totalled about 600 ; Empire growers and canners,
who have hitherto received-free copies, constituted about 80 per
cent. of this total.

Wool.—A monthly Wool Intelligence Service was begun in April,
1933, and the first issue secured a circulation of nearly 1,000 copies.
These Notes, which are at present issued in stencilled form and free
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of charge, include the latest available particulars of wool production,
exports, imports and stocks for the more important Empire and
foreign countries. Information is also given about prices, utilization
and activity in the textile trade so far as such information is available
and it is hoped that the service will become of increasing value as
international wool statistics improve.

Annual Supplements to Intelligence Notes

Annual supplements* were issued in 1932 giving detailed figures
of imports of fruit, dairy produce and canned and dried fruits into
the United Kingdom, as well as other information about the year’s
supplies. Similar supplements are being issued this year, dealing
with supplies in 1932.

Reports on Foreign Crop Conditions

At the Board’s request the Foreign Office obtained from the Soviet
Government a diplomatic visa enabling Mr. Cairns, the Board’s wheat
intelligence officer, to visit Russia in the spring and summer of 1932.
His confidential reports on his four months’ trip through European
and Asiatic Russia have, for the first time, enabled Empire Govern-
ments to obtain a first-hand picture of agricultural conditions in
Russia. Numerous letters have been received expressing high appre-
ciation of their value. In order to complete his studies of Russian
agriculture, it is hoped that Mr. Cairns may be able to pay another
visit to Russia this year.

In the spring of 1932 the Board engaged a part-time correspondent
in the Argentine. In addition to supplying regular information on
dairy produce and fruit shipments, he has supplied monthly reports
on grain and other agricultural commodities to Government Depart-
ments and producers’ organisations in Canada, Australia, New
Zealand, India and Southern Rhodesia. He has also sent, upon
request, cabled information at their expense to Government Depart-
ments and producers’ organisations in Canada and Australia. The
demands upon the Board’s correspondent for special studies of the
conditions and production of competitive products, particularly fruit
and dairy produce, are more than he is able to meet. If funds had
permitted, the Board would have contemplated appointing a whole-
time correspondent for this service. :

* Fruit Su%plies in 1931 (E.M.B. 49). Dairy Produce Supplies in 1931 (E.M.B, 52).
Canned and Dried Fruit Supplies in 1931 (E.M.B. 55).
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Broadcasting of Market Intelligence

Following the inauguration of the Empire Broadcasting Service,
the Board was invited by the British Broadcasting Corporation to
draw up plans for the fegular inclusion of market news in the pro-
grammes. The dissemination of market information throughout the
Empire through the medium of the Empire Broadcasting Service is
clearly capable of far-reaching development, but in its initial stages
it must be largely experimental. Pending reports from the Empire
overseas on the quality of the reception and the needs of listeners, the
intelligence service, which was begun in May, 1933, is being restricted
to two-minute talks, twice weekly, on fruit and dairy, pig and poultry
produce. In preparing the notes for the service the Board is working
in collaboration with Trade Commissioners and London representatives
of oversea producers.

In addition to the preparation of market information for weekly
transmission, the Board is co-operating with the British Broadcasting
Corporation in arranging talks upon individual commodities for
inclusion in the programmes from time to time. The first of these is
being given by Mr. W. P. Devereux, European representative of the
Australian Wool Growers’ Council, who is talking on wool to listeners
in Australia,- New Zealand and South Africa towards the end of
May, 1933.

WORLD SURVEYS OF PRODUCTION AND TRADE

Further world surveys of production and trade concerning com-
modities of major importance to Empire producers have been issued,
a Wool Survey in July, 1932, Vol. II of the Oilseeds and Vegetable Oils
Survey, dealing with Coconut Palm Products, in December, 1932, and
a Barley Survey, for which Proféssor H. C. Grant, of the University
of Manitoba was responsible, in March, 1933. Surveys of Cattle
and Beef, Mutton and Lamb and Vol. III of the Qilseeds series, dealing
with Groundnuts, are in advanced stages of preparation, and work
on a survey of Tobacco has been started.

The preparation of the Wool Survey revealed a number of weak-
nesses in the statistical information available about wool production
and utilization, and, on the recommendation of the Board’s Wool
Statistics Advisory Committee, the co-operation of the International
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Institute of Agriculture and of the International Wool Textile
Organisation has been sought with a view to securing improvement
and co-ordination in the world’s wool statistics.

A second report on wool, dealing with imports and consumption,
is also in preparation. By arrangement with the port authorities,
figures of stocks of wool in warehouses are now being collected and
issued six times a year.

WASTAGE IN IMPORTED FRUIT

— T T

During 1932 the Board co-operatéd with the Food Investigation
Board of the Department of Scientific and Industrial Research in the
examination of a series of experimental consignments of apples and
pears arranged by the New Zealand Department of Scientific and
Industrial Research. The experiments were designed to test the
effect of locality, soil type, and maturity upon the quality of the
fruit shipped overseas, to estimate the influence of wastage of different
types of wrapping and packing and of différént miethods of handling.
Theworkis-beifig contined ona rediiced scale this'season. "~

At the request of the South African Co-operative Citrus Exchange
the Board undertook during the past season a series of tests on the
juice content, sugar to acid ratio, weight and skin thickness of South
African oranges and of oranges from competing sources. Samples of
South African, Brazilian and Californian oranges were examined in
July, August and October, and, as it was felt that further information
with regard to the grapefruit, lemons, and oranges on the market
during the winter months would be useful to the South African growers,
further tests were carried out in February on Palestine, Egyptian,
Californian and Spanish oranges, Palestine and Jamaican grapefruit
and Italian lemons. A series of reports has been forwarded to the
Citrus Exchange.

During the past season an inquiry has been made into the per-
centage of waste in British Columbian apples arriving in this country.
Cards for retailers to return to the Board, with particulars of the
condition of the fruit upon opening, were inserted in the boxes at
the packing sheds in British Columbia. A few cards are still being
received, but the proportion returned has been disappointing.
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EXPERIMENTAL CONSIGNMENTS AND MARKET
ENQUIRIES

The co-operation of the Board has been extensively sought by
oversea Governments for investigation into the technical and
marketing problems involved in connection with the export of fruits
and fruit products not previously exported.

The shipments reported upon include pineapples from Nigeria,
oranges and lemons from Tanganyika, mangosteens from Burma and
tomatoes from Grenada. ]

In addition, a large nuinber of enquiries have been made, at the
request of oversea Governments and producers’ organisations, into
the marketing of various products in the United Kingdom. Infor-
mation has been collected dealing with the extent and nature of

competitive supplies and with market requirements in regard to
quality, grading and packing. Reports on the following commodities
himm%réa‘?’mgsmd fig paste, crystallized fruits, tomatoes,
ox\*larqges, banana chips and banana flour, pumpkins, dom nuts, orange
pulp,

celery, asparagus, limes, grapefruit, lemons in brine, potatoes,
pomegranates, sultanas and mangoes.

RETAIL SURVEYS

At the request of the South African Citrus Fruit Exchange a
survey was carried out during the summer of the retail market for
South African Citrus Fruit. Information was collected regarding
lotal variations in the demand for South African oranges, naartjes
and grapefruit and of competitive fruif.” A short preliminary report
has already been made to the South African Citrus Fruit Exchange
and the full report will be published at an early date.

During the latter half of the year a survey of the retail demand
for meat has been in progress. Investigations have been made in
six of the most populous areas of the country, and, although theresults
obtained show great variation as between different areas and make
it clear that no single area or group of areas can be regarded as typical
of the rest of the country, yet there is no doubt that for the districts
covered the information collected will be of considerable value. The
inquiry has covered beef, mutton, lamb, pork and veal.

A Report of the canned vegetable survey was published in July
1932, and areport on the retail marketing of South African deciduous
fruit has recently been issued.
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STATISTICAL PAMPHLETS

The series of statistical pamphlets dealing with the trade and
production of the principal agricultural commodities has been con-
tinued by the issue of booklets on Grain Crops (wheat, wheat flour,
barley, oats, maize, rice, and rye) ; Meat (beef, cattle, mutton and
lamb, sheep, bacon and hams, pork, pigs, and canned meat); Oil-
seeds and Vegetable Oils (copra, groundnuts, cottonseed, linseed,
olive oil, soya beans, sesame seed, rapeseed, palm kernels, palm oil,
and whale oil); and Plantation Crops (sugar, tea, coffee, cocoa,
rubber, tobacco and spices). The pamphlets have had a very wide
circulation and the information they convey has been appreciated
and used in all parts of the Empire. Further booklets are in course
of preparation.
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III. PUBLICITY

For the year 1932-33 provision was made in the Board’s printed
estimate for an expenditure of £62,820 on publicity.

NEWSPAPER ADVERTISING

Financial limitations again precluded the undertaking of any press
advertising on a national scale.

_ Advertisements relating to Empire Shopping Weeks in which the
Board co-operated, and to the Board’s own Empire Shops, were
inserted in local newspapers. In addition, a few advertisements
were inserted in trade and other special journals.

POSTERS

(@) Displays on the Board’s own Poster Frames.—During the year
twelve sets of posters were displayed by the Board on its 1,700 special
poster frames which are erected in some 475 of the chief cities and
towns in the United Kingdom. In addition, two sets of posters
dealing with the “ National Mark ” were displayed on the Board’s
frames in England and Wales, by and at the charge of the Ministry
of Agriculture and Fisheries, and one set in Scotland by the Depart-
ment of Agriculture for Scotland.

The following subjects were dealt with in the Board’s own posters :
(1) Home Products (Photographic).
(2) Colonial Trade.
(8) The Ottawa Conference.
(4) Empire Trade (Letterpress).
(5) Home Products.
(6) Empire Trade (Letterpress).
(7) “ Service of Empire.”
(8) The Union of South Africa.
(9) Empire Trade (Letterpress).
(10) British Industries Fair (Letterpress: in co-operation
with the Department of Overseas Trade).
(11) Empire Tea. ]
(12) Buy Empire by Telephone (in co-operation with the
General Post Office).
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(b) Poster Reproductions for Schools.—Over 27,000 schools in the
United Kingdom are now included in the Board’s standing list to
receive regularly copies of poster reproductions and leaflets as issued.
Reproductions of six of the Board's posters, including two map
posters, were issued during the year. In so far as stocks allowed,
copies have also been sent on request to schools in the Empire
overseas.

n§0) Shop Display Material—Two new items of display material
only were issued, but the stocks of material were maintained by
reprints of a number of earlier designs.

(@) *“ Contract” Posters and Labels.—The “ contract ”’ poster and
lJabel scheme, which is operated in conjunction with firms receiving
orders from oversea parts of the Empire, has been continued, but on
a necessarily reduced scale.

LEAFLETS, ETC.

A catalogue with small colour reproductions of the principal iteras
of the Board’s shop display bills, strips and cards was prepared for
issue to applicants for large quantities of this material. The intro-
duction of this catalogue has rendered unnecessary the despatch of
copies of the actual display bills, etc., 4s samples, and a considerable
saving has thus been effected in material and postage.

New leaflets, etc., were issued on the subject of :—
Empire Timbers.
Winter Fruits from South Africa.
British Grown Roses.
British Grown Bulbs (Retail Section).
British Grown Bulbs olesale Section).

In addition nine of the earlier leaflets were reprinted.

Leaflets on the following subjects were issued to accompany school
reproductions of posters :—
“ New Zealand.”
‘“ The Great and Rich Island of Borneo.”
“ Flax Fields and Linen Mills of Northern Ireland.”
* The Union of South Africa.”
* British Malaya.” ‘
*“ A Scottish Oat Harvest.”
To date, approximately ten million leaflets and pamphlets have
‘been distributed by the Board.
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EMPIRE TIMBERS

‘ The Handbook of Empire Timbers,” issued by the Board during
the year, besides dealing #n exfenso with 60 Empire woods in general
commercial supply in the United Kingdom, brings to the notice of
the public the facilities now available to obtain information concerning
Empire timbers. These include :—

(@) a register, maintained by the Board, of notable instances
in which Empire timbers have been used in the United Kingdom ;

(b) specimens of some 60 Empire timbers presented by the
Board to the Architectural Association in London and to seven
of the principal schools of architecture in various parts of the
British Isles ;

(¢) the addresses of various official bodies from which technical
information regarding Empire timbers can be obtained.

The book itself provides an authoritative work of reference, in
particular for architects, engineers, and furniture designers.

The set of samples of Empire woods presented to the Architectural
Association is now on permanent exhibition at the Building Centre
in New Bond Street.

The ““ Buy British ”’ Sub-Committee of the Forum Club, in co-
operation with the Board, arranged a successful exhibition of Empire
woods at the Club’s premises in Grosvenor Place, which was opened
by the Rt. Hon. The Earl of Athlone during the first week of
February, 1933.

LECTURES

Lectures were delivered by the Board’s speakers, mainly to
women'’s organisations and Trade Associations, to audiences aggre-
gating over 58,000. Of these lectures 734 dealt with Empire market-
ing and the products of different Empire countries. In addition 123
lectures on the subject of the National Mark were arranged on behalf
of, and at the charge of, the Ministry of Agriculture and Fisheries.

BROADCASTING

By arrangement with the British Broadcasting Corporation a
series of ‘“ Housewives’ News ”’ was broadcast weekly on Tuesdays
from May to August, 1932. This series dealt with the various
Empire products in season and included a guide to ruling market
prices. :
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The opening of the new short wave Empire Broadcasting Station
at Daventry in January last has presented important new oppor-
tunities for the dissemination throughout the Dominions and Colonies
of information concerning Empire trade.

The British Broadcasting Corporation have welcomed suggestions
from the Board of suitable material for transmission through this
station.

EXHIBITIONS, EMPIRE SHOPS AND EMPIRE SHOPPING
WEEKS

(@) The Board participated in the following Exhibitions :—
1932—

21st May—4th June, The Nation’s Foods Exhibition.

3rd Sept.-9th Sept., The Bakers’ and Confectioners’ Exhibition.
17th Sept.~23rd Sept., The International Grocers’ Exhibition.
21st Oct.—29th Oct., The Imperial Fruit Show.

1933—
20th Feb.-3rd March, The British Industries Fair.

(b) Shop premises in Sheffield and Cardiff were leased by the Board
during the undermentioned periods and temporarily converted into
Empire Shops. These were placed at the disposal of the various
Empire countries in turn for a fortnight each, to make displays and
sell samples of their products. These shops have proved very popular
with the public. They have been found a useful means of enlisting
the interest of local traders in a wide range of Empire products.
The Board is in each case much indebted to the civic authorities,
the local trade organisations and the local press for their very
generous support.

1932-1933—

Sheffield, 2nd May-3rd Sept.
Cardiff, 26th Sept.~11th Feb.

(¢) The Board has also been associated with a series of fortnightly
exhibitions, accommodation for which was generously provided by
the Overseas League at their Scottish headquarters in Edinburgh.
One of these exhibitions comprised a display of the Board’s publicity
material; the others in the series (arranged direct between the
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Overseas League and the representatives in London of the Empire
countries concerned) were devoted to displays of the products of
~a number of individual Empire countries. These displays were very
well attended by the public and were the subject of much favourable
comment in the Scottish press.

(d) The Board assisted in Empire Shopping Weeks in the following
‘centres i—

Abertillery Chatham Ossett

Aldershot - Chingford Rochester

Barnes Chiswick and Rochdale

Belfast - Brentford Slough

Bingley (Yorks) Dorking Southall-Norwood
Blaenavon Epsom Southend and
Brighton and Hove Gillingham Westcliff
Bristol Leicester Staines

Bromley (Kent) Maidenhead Stowmarket
Camborne Northampton Worcester

HORTICULTURAL DISPLAYS

The Board again co-operated with H.M. Office of Works in the
organisation of displays of British grown bulbs and plants in the
Royal Parks.

(@) Tulips and Lilies ‘

For the sixth year in succession home grown tulips were the main
feature of the spring bedding scheme in Hyde Park and St. James’s
Park. Later in the summer there was a display of Bermuda lilies in
Hyde Park which was made possible by a further gift of bulbs from
the Bermudan Department of Agriculture. This was followed by
a small show of the same type of lily grown from bulbs raised in
South Africa. The climate of South Africa has been found very
favourable to the cultivation of Lilium Harrissii. Bulbs from
Bermuda flower in June, but bulbs of the same lily from South Africa
mature later and flower in September. If, therefore, the trials at
present proceeding with South African bulbs yield satisfactory
resultg téle out-of-door season for these flowers will be considerably
extended.
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(8) Daffodils

Arrangements were completed in the autumn for a display this
spring of 30,000 British grown daffodils in the Victoria Tower Gardens
near the Houses of Parliament. The bulbs were generously provided
})y glsxe Spalding Bulb Growers’ Association without charge to public
unds.

(¢) Roses

The British Rose Growers’ Association has made, through the
Board, a further gift of four thousand rose trees to enable the design
of the new British Rose Garden in the Inner Circle Gardens, Regents
Park, to be extended and completed in time for the second year’s
flowering season. The garden was opened to the public last June
and was visited by H.M. The Queen and by many thousands of
visitors. '
(d) Registers of Growers

The Board has compiled and issued a Register of British Bulb
Growers and Suppliers (both wholesale and retail) and a Iist of
British Rose Growers and named varieties of roses.

CINEMA
(@) Film Production

The Board’s Film Unit has completed the following films in two-
reel form for theatrical circulation :—

Upstream (Scots Salmon};a

O’er Hill and Dale (The Lambing Season in Scotland).

Industrial Britain (The Craftmanship in Industry).

The Country Comes to Town (Home Milk Production, Market
Gardening, etc.). ‘

King Log (Lumbering in Canada).

ThE Ot.he)r Half of the World (The Industries of the Eastern

mpire). ‘

Shadow on the Mountain (Grass Breeding Experiments at the
Welsh Plant Breeding Station at Aberystwyth and on the
slopes of Plinlimmon).

Line Fishing (Deep Sea Line Fishing).

The first seven of the above films have been purchased by a
commercial company in their silent form, for subsequent synchronisa-
tion and distribution in public cinemas. ‘ Line Fishing ” awaits
synchronisation.
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Amongst other production activities undertaken during the year
the following are worthy of special mention :—

(i) By courtesy of the Admiralty one of the Board’s producers
accompanied the surveying expedition of H.M.S. ** Challenger "’
to Labrador last summer. The film so obtained is noted below
under the title of ** Uncharted Waters.”

(i) The Board was given special facilities for sending a
producer on a tour of the West Indies during the Winter and
Spring of this year.

(iii) A film record, described below as ‘‘ Transport Train,” has
been prepared of the first Unit designed by the Mechanical
Transport Council undergoing trials at Farnborough. The
Board has offered to circulate copies of this film to the 21
oversea Governments which have joined with it in financing the
construction of this Unit.

For use by schools and for other non-theatrical circulation the
Film Unit has prepared the following films. Although some of the
subjects represent direct E.M.B. production, many of them have
been re-edited from material kindly placed at the Board’s disposal
by a number of oversea Empire Governments or obtained from other
sources.

Empire (General)
Transport Train.
Children of the Empire.
Plants and Altitudes.
Animals of the Empire.
Wheatfields of the Empire.
Irrigation.

United Kingdom
Exports of Northern Ireland.
The Hen Woman (Northern Ireland Poultry).
Aircraft Engines.
The English Potter.
Cocoa and Chocolate.
Steel Wire and Nails.
The Glassblower.
St. James’s Park.
A Cattle Auction in the Hebrides.
Britain’s Countryside.
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Underground (Coal Mining).
Iron and Steel.

Cotton and Wool.

The Fens.

Winter on.the Farm.
Sheep Shearing.
Canals,

Drifting.

Line Fishing.

Bag Net Fishing.

The Shepherd.
Seasons.

Water Power.

Hop Gardens of Kent.

Canada
The Great St. Lawrence.
Arctic.
Eskimo Village.
Conquest of Natural Barriers.
Buy from Canada (A short ** Abstract * advertising film),

Australia
Regions of Australia.
Round Up (Cattle).
Australian Sheep.
Africa
Farming in South Africa.
Regions of Africa.
East Africa.
Newfoundland
Uncharted Waters.
Gibraltar
Gateway to the East.

Apart from the Board’s own productions the following films have
been produced for and at the charges of other Government
Departments :(— ‘

Ministry of Agriculture and Fisheries : Plums that Please,
Post Office Telephone Service: The Coming of the Dial.
Faraday House. Telephone Abstract. Telephone Service.
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(b) Film Library

The Board’s Film Library has, during the year, been considerably
enlarged. Many new subjects and a number of extra prints have
been made available. . Some of the new filins were prepared by the
Film Unit but many of them have been presented to the Library by
the Dominion Governments, the Canadian National Railways and
other organisations. C

The following statistics illustrate the growth of that service.

Films available
1931 1932
189 prints of 630 prints of
105 subjects. 235 subjects.
No. of Bookings, Films Supplied and Total Audiences
Estimated
Bookings Films Audiences
1931-32.. .. 947 2,156 300,000
1932-33.. .. 3,706 8,479 960,000

It will be seen that during the year the Library has been more than
trebled ; but, even with this appreciable enlargement, considerable
difficulty has been experienced in meeting the demands which have
been received. Three hundred additional organisations have made
use of the Library and the Board’s films have been seen by nearly
a million people. If to this figure is added the attendance of
161,000 at the Board’s Cinema at the Imperial Institute, the total
non-theatrical audience reached by the Board during the year is
well over one million. An analysis of the users of the Library shows
that some 70 per cent. of them are schools.

In August, 1932, a second edition of the Catalogue of Films was
issued and was followed by the issue in February, 1933, of a Supple-
mentary Catalogue of additional subjects available.

(cy E.M.B. Cinema at the Imperial Institute

The Board has continued to maintain a Cinema at the Imperial
Institute in which Empire films are shown daily. During the year
161,000 persons visited the Cinema, including 67,750 school children
in organised parties.
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APPENDIX I

(1) THE EMPIRE MARKETING BOARD
“The Secretary of State for Dominion Affairs
(The Rt. Hon. J. H. THOMAS, M.P.) (Chatrman).

The Parliamentary Under-Secretary of State for Dominion Affairs
(Mr. MarcoLm MACDONALD, M.P.) { Vice-Chasrman).

The Financial Secretary to the Treasury
(Mr, L. Hore-BeLIsHA, M.P.),
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PREFACE

In their Twenty-Fourth Report dealing with the Preparing for
Market and Marketing of Hemp Fibres, which was issued in 1932, the
Imperial Economic Committee drew attention to the paucity of
scientific knowledge concerning the sisal plant and its economic
exploitation. The need for further research was indicated, and the
Committee advocated that all possible support should be given to
proposals for long range research.

The depression in the Sisal Industry has led to an examination of
the possibilities of developing new industrial uses for sisal fibre, and
has emphasized the necessity of considering research work in connection
with utilisation as well as research into problems of the producers.
It is now clear that any programme for research for the sisal industry
should not be confined solely to growers’ problems but that a more
comprehensive programme, serving to bridge the gap between
producer and manufacturer, is necessary if the best interests of the
industry are to be served. ’

In the present memorandum dealing with the attributes of sisal
and their industrial significance, Dr. S. G. Barker, Director of Research
for the Wool Industries Research Association, summarizes the
information available on the structure and chemical and physical
groperties of sisal fibre, and indicates the directions in which research

as hitherto taken place. The significance of sisal fibre from an
industrial point of view has also been set out, and some directions in
which new uses might develop discussed.

The first half of the memorandum contains a detailed review of
the origin, composition, and structure of the plant and its fibre, and
emphasizes certain of the important characteristics of the fibre.
The second half is devoted to a study of the commercial applications
and uses of sisal. Reference is made to, the report, published in the
Bulletin of the Imperial Institute (Vol. XXXI, No. 1 1933) of the
trials carried out by the Admiralty with sisal cordage, to the
encouraging results which were obtained, and to the various methods
hitherto employed to effect a reduction of the defects recorded
during these trials.
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The memorandum concludes with an account of further industrial
uses which may be found for sisal, including its employment as an
admixture with plastics, and emphasizes that its utilisation in several
directions by important industries in this country or abroad has not
developed equally with the progress which has been made with
production. That a wider field for utilisation should be possible is
clearly indicated, and I am therefore confident that this memoran-
dum, which collects together and summarizes the scattered scientific
knowledge concerning sisal fibre, should prove of the greatest interest
and value to both producers of the fibre and to manufacturers
within the Empire. It is to be hoped that it may coincide with the
turning point in the depression through which the Empire’s important
sisal industry has been passing during the past few years.

PLYMOUTH
Chairman of the Research Grants Committee.

Empire Marketing Board,
8th May, 1933.



SISAL—A NOTE ON THE ATTRIBUTES OF THE FIBRE AND
THEIR INDUSTRIAL SIGNIFICANCE

Introduction

The first essential in any study of the uses to which any textile
fibre or raw material can be put, or how new uses for it may be
developed, is undoubtedly a full and complete knowledge of its origin,
production, constitution, structure, and their natural consequence,
namely, its special properties and qualities which ensue. Further,
the reactions to the various manufacturing processes, as also the
greglse response to chemical, mechanical or other treatment, must

e known.

Textile fibres may be classified ordinarily into various sections ;
there being for example, the protein animal fibres, the natural
carbohydrate vegetable fibres, the synthetic fibres of cellulose and
their derivatives, as also mineral fibres. Animal fibres, including
wool, silk, leather, feathers, etc., have been investigated scientifically
in recent years by well-organised research organisations throughout
the world, and as a result, the fundamental knowledge so obtained
is serving as a firm foundation on which to build the industrial
future, opening out possibly new uses and new methods of treatment
in accordance with the developments of modern scientific industry.
Whereas, in the last century, mechanical manipulation of textile
fibres has been developed to the highest stage of efficiency, yet the
neglect of adequate recognition of fundamentals of a chemical and
physical nature, as also the lack of development along the lines of
chemical and electrical engineering science, has placed these com-
modities in a disadvantageous position on the modern market. In
cotton, wool, linen, silk, rayon, etc., i.e. the commodities in general
use for clothing materials, this position is being rapidly remedied.

There remain, however, a number of fibres, known commercially as
hard fibres, which possibly serve uses of a rougher nature, such as
cordage, etc.,, which have received little or no scientific attention
in the past. Of these, Coconut fibre and Sisal are but two. A previous
note by the author, circulated through the Empire Marketing Board,
has called attention to the position and the lack of knowledge con-
cerning coconut fibre. An attempt was made to advocate the
establishment of proper means for pursuing research in the further
uses for this vast Empire product.
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With regard to Sisal, the position is just as acute. In our Colonies,
Dependencies, and Dominions, where these tropical plants flourish,
the agriculturists have devoted themselves not only to improvement
-of the crops, but also by proper systems of manuring, cultivation,
selection, etc., have increased the yields of the raw product and fibre.
Whilst, therefore, the scientific development of production has pro-
ceeded steadily, yet on the other side, the uses for the product and
true knowledge as to what it is.and what it will do, seems to have
been almost entirely neglected. In order to emphasise the industrial
significance of the fibre, it is essential at the outset to review figures
concerning Sisal exports from various parts of the world, and by the
kindness of the British Empire Producers’ Organisation and the
Imperial Economic Committee, the following statistics have been
made available :—

Exports of Agave Fibres in 1,000 tons

Producing Country. Kind. 1927. | 1928. | 1929, | 1930. | 1931
British East Africa .. Sisal 49-7 53-9 62:6 67-2 72-1
Bahamas .. . 0-6 0-9 09 0-3 —_
Jamaica .. . ” 0-2 0-3 0-4 01 —
Ceylon .. . ” 0-2 — — —_ —
Gold Coast .. . v 0-3 0-1 0-2 0-3 —

Total from British

countries. . » 51-0 55-2 64-1 67-9 72-1
Mexico . .. | Henequen | 124-9 | 138-0 | 113-9 59-4 66-2
Netherlands East

“Indies :—

(1) Javaand Madura Sisal* 18-0 22-8 25-4 23-2 24-9

(2) Outer Provinces ,, 28-3 27-7 33-5 42-7 45-7
Philippine Islands .. | Maguey 17-3 16-9 15-8 13-3 6-8

» » Sisal 0-2 0-1 0-1 0-2 0-1
Portuguese East Africa . 4-1 6-0 7-3 11-4 13-6
Cuba .. . .. ” 1-4 1-5 3-1 3-6 (a)
Salvador .. .. | Henequen 0-7 0-9 1-0 09 (2)
French West Africa .. Sisal 0-5 0-7 0-8 0-8 1-6

Total from Foreign -

countries. . . 195-4 | 2146 | 200-9 | 155-5 | 158-7¢

Total .. .. 246-4 | 269-8 | 265-0 | 223-4 | 230-8t

* Principally Sisal but also includes Manilla Hemp. .
t Excluding Cuba and Salvador. (@) Not available.
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Thus we see that British East Africa alone is responsible for nearly
lf;ia)lf the world’s production, and in 1931 exported 72,000 tons of
re.

Of the Sisal coming into this country, by far the larger proportion
is produced in East Africa.

The following figures supplied by W. H. Wilkinson, of Messrs.
British Ropes, Ltd., from the official customs figures for imports of
“hemp ", show the amounts of the different cordage fibres imported
into Great Britain during the last two years, and serve to show the
rfalationship of the consumption of Sisal with the other fibres of its
class.

1931.
Imports from Chiefly. 1932. | 1931.
' Retained in U.X.
Tons. | Tons. Tons.
Italy .. .o .. | Italian Hemp .. 6,221 6,094 6,089
Philippines .. eo | Manilla .. .. | 22,392 | 43,483 35,371
East Africa .. .. | Sisal . .. | 17,003 8,945 | Not available, but
estimated at about
6,800
British India .. .. | Indian Hemp .. 3,286 1,765 1,019
New Zealand .. .. | NewZealand Hemp 650 417 341
Other countries (such | Sisa!l and Hemps | 9,311 | 16,982 | Not available, but
as Hungary, Java, on above basis
Mexico, etc.). would be about
15,883
Total .. | 58863 | 77,686

The figure for East African Sisal includes the amount imported
into the United Kingdom from those territories adjacent to British
East Africa, and for example, includes 778 tons from Portuguese
East Africa in 1931.

The above table shows a very interesting rise in the importation
of Sisal into Great Britain during 1932, as against 1931, thus, while
the imports of manilla fell to just over half that of 1931, the Sisal
imports were more than doubled. Imports of Indian and New
Z%I?nfl hemps increased, but not to the same proportion as those
of Sisal. :
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The fall in the imports of manilla from the Philippines is probably
due to the falling off in the requirements of the shipping industry,
and to a lesser extent to the replacement of manilla, in certain cords,
etc., by Sisal, caused to a large extent by its lower cost.

However, whatever the causes may be, it is clear that the proportion
of Sisal in the cordage fibres imported rose considerably from 1931
to 1932.

Origin of Sources of Sisal

Sisal fibre is derived from the leaves of plants of the Agave family ;
members of the order Amaryllidaceae. They are indigenous to the
southern and central parts of the American continent, and were
first described by Clusius in 1575, under the name of aloes, an
erroneous title which has frequently led to misunderstandings since
the true aloe is of very different character.

# A large number of Agave species have been identified and are
described in the literature, and some confusion has arisen as to the
exact identity of the plants normally used for the production of
the fibre. This has been, in part, due to the fact that definite recog-
nisable features of a plant undergo changes when it is grown under
fresh climatic conditions. For example, the leaves of certain Agaves
native to Mexico, have characteristic marginal spines, which on
cultivation in Africa, gradually disappear, a change in colour also
taking place. According to Michotte, the leaves of Agaves cultivated
in Hawaii very quickly lose their spines. A description of the numerous
varieties of the Agaves is beyond the scope of this treatise, but they
are fully recorded elsewhere (e.g. Michotte, Tobler, etc.).

According to the Grey Book, No. 10, issued by the Empire
Marketing Board, 1928, two species of Agave are of special commercial
importance, viz. :—

Agave fourcroydes Lem. (A. rigida Miller, var. elongata Jacobi),
the production of fibre from which is the principal industry of
Yucatan (known as Henequen or ‘“ Mexican Sisal ”’). The fibre
which is largely used in the United States is more brittle and
less flexible than East African Sisal. It is also less white, not
so well cleaned and lacks uniformity, possibly owing to variation
in the species of plant cultivated.



Agave sisalana Perr. (A. rigida Miller var. sisalana). This
plant, native to Central America, has been introduced into most
tropical countries of both hemispheres and is extensively grown
in East Africa.

Agave Cantala Rox., the Maguey plant of the Philippine
Islands, which is grown to some extent in Java and India, is
of less importance.

The Sisal plant has a short stem of a thickness about 15 in., from
which spring upwards and outwards a number of thick rigid fleshy
leaves from 4-6 ft. in length, and having a maximum breadth of
4-7in. The leaves taper towards the apex, terminating in a long,
sharp thorn. They are thickest at the base (1}-1% in.), where the
top surface is almost flat, thinning towards the apex, the top surface
becoming concave for the greater part of the length. The edges of
the leaves have only a suggestion of the spines normal to the
fourcroydes species.

Method of Reproduction

When the plant has attained a certain stage of growth, which
represents an age of from 4 to 8 years in East Africa and as great as
15 years in Yucatan, the terminal bud at the top of the stem, which
has been previously buried in the bases of the young leaves, begins
to shoot a tall *“ pole ” or flowering stem, which grows out of the
centre of the plant, attaining a maximum height of 20 to 30 ft. The
factors which determine the exact age of the plant at which this
phenomenon takes place are not fully understood, but it is probably
determined by climatic and soil conditions. After the pole appears,
no more leaves are formed and the characteristic flowers are produced
in dense clusters at the ends of the short lateral branches which grow
out of the pole towards the top.. The Sisal plant does not as a rule
set seed, although plants grown at high altitudes, such as in the
highlands of Kenya, do produce seeds from which plants may be
grown, as has been demonstrated at the East African Agricultural
Research Station at Amani. Under the usual conditions of growth,
however, buds are formed in the axils of the flower stalks as the
flower begins to wither. From these buds, small plants or * Bulbils ”
are produced with characteristic groups of leaves, which attain a
length of a few inches before becoming detached from the tree and
falling to the ground, where, under favourable conditions, they take
root, The number of bulbils produced on one “ pole ” is between
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two and four thousand. In cultivation, it is usual to cut the pole
fairly soon after its appearance, so as to be able to reap the remaining
leaves of the plant, which otherwise wither as flowering takes place.

A second method of reproduction is by the formation of suckers,
which grow from the rhizome of the plant and may give rise to a
ring of small plants surrounding the parent. These suckers, if
detached and planted out may often grow normally, but if they remain
attached to the parent have a short life, as, according to F. J. Nutman,
the poling tendency of the parent plant is transmitted through the
suckers and the offspring may all pole simultaneously with the
parent.

It is not within the scope of this treatise to deal with the agri-
cultural problems arising out of Sisal culture. These are fully dealt
with elsewhere, e.g. amongst other places :(—

(1) Bull. of Imp. Inst. XIII (1915), No. 3.
(2) Bull. of Imp. Inst. XXIX (1931), No. 3.

3) R(E,port of Imperial Economic Committee, Hemp Fibres
1932).

(4) Michotte, ““ Agaves et Fourcroyas.”

The plant will grow under climatic conditions very unfavourable
for most other crops and in a poor soil, without any manuring, and
in the presence of a limited amount of moisture, although its growth
appears to be favoured by the judicious application of manures.
Under conditions favouring excessive growth, the fibre content of
the leaves falls very considerably ; this being due to the production
of a more fleshy leaf. It is probable, however, that the increase in
the rates of growth and. size of the leaf more than compensates for
the lower yield of fibre ; whilst conditions favourable to a greater
rate of growth may possibly also be conditions favourable to the
production of more flexible fibres.

Harvesting of the Leaves

The length of time which must elapse before harvesting varies in
different countries. The cutting of the leaves in East Africa com-
mences during the 4th or 5th year of growth, the oldest (lowest)
leaves being cut first. In Kenya (vide E.M.B. report), about 70 leaves
are removed at the first cutting, with subsequent bi-annual cutting
of 25 leaves at a time. Each plant should thus yield 250~300 leaves
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during its life of 7-8 years. In Mexico, the number of leaves cut per
year is only half this number, but the plant lives for 15 or more years.

The shorter duration of life of the East African plants appears not
necessarily to be a disadvantage, as assuming that the number of
leaves produced in the lifetime of the plant is more or less constant,
there is a definite advantage in reaping the whole of the crop in a
limited period of time.

It has, however, been shown that the total number of leaves
produced in the life of a plant is a variable factor, the cause of
variation being unknown. (Vide Hemp Report, Imperial Economic
Committee.)

The average weight of the leaf varies considerably according to the
habitat of the plant, but in East Africa is from 2-24 Ibs. Considerable.
variation in the fibre content of the leaf is recorded. It is known for
example that a dry habitat is conductive to a higher yield of fibre,
?vild for this reason the percentage yield per leaf of fibre is greater in

exico.

Older leaves are found to contain more fibre than younger ones,
but the average yield of fibre in East Africa is given as of the order
of 3 per cent. to 4 per cent. on the weight of the leaf. How far the
age of the plant determines the fibre content of the leaf is not defined.
Tobler quotes figures due to Braun for the fibre content of leaves
taken from plants, grown under identical conditions, at various
stages of growth. They are as follows :—

4 years old 1-9 to 3-0 per cent.
4% 39 1) 2:8to 4-3 YRET)
5 » » 4.5 » 2
6* » 2 2.1 to 3.3 22 »

The figures appear to indicate an increase up to a point. The
following figures are given by Michotte (loc. cit. p. 40) for the fibre
contents of Agave leaves (Henequen).

Water 81-41-84-4

Dry matter 15-6-18-59

of which fibre equals 5-32 and pulp 13-27
Dried Leaves :—

Fibres 28-61 per cent.

Pulp 71:39 ,, ,,

II



For Agave Sisalana leaves Michotte quotes the following figures
for 30 leaves :—

Sisal :—

Average weight of leaf .. . .. ..  1-2Kkilos
Green fibres . - .. .o .. 51 ,,
Dry fibres . .. . . 1-51 ,,
Yield per cent.— '

in green fibres . . . .. 14-2 per cent.

in dry fibres 419 ,,

Michotte further gives the following figures for the composition of
the ash of leaves :— '

Composition of the Ash of Leaves (1-135 per cent. on the Green Leaves).

Lime .. .. .. 33-40
Potash .. .. .. .o 18-80
Magnesia .. . .. .. 15-37
Soda .. .. .. .. .. 1-42
Phosphoric Acid = .. . . 3-29
Sulphuric Acid . . .. 0-88
Iron .. .. .. .. .. 0-69
Chloride .. .. . .. 0-28
Silica. .. .. .. .. .. 0-56
Carbonic Acid, etc. .. .. .. 25-31

The high percentage of calcium carbonate is largely derived from
the deposits of calcium oxalate which are known to occur in the leaf.

It should be pointed out that figures giving the fibre contents of
leaves are not necessarily of very great scientific value since owing-
to the large number of variable factors they can only be of use when
they represent average figures of a very large number of experiments.
The accumulated experience of a large number of growers is necessary
in order to formulate any useful generalisation. Such matters could
properly be dealt with by an Institution interested in research on
production. During the decortication of the leaf, a considerable
amount of fibre is wasted amounting possibly to from 15-30 per cent.
of the total fibre, most of which is derived from the butt end of the
leaf. Machines have been constructed which are able to recover this
fibre but it would seem that recovery might not be economic unless
prices for fibres were very high.

I2



Distribution of the Fibres in the Leaf

The fibres which are of use commercially are the mechanical
tissues of the Agave leaf. In the Monocotyledon leaves, these are
associated with the vascular system and give support and protection
to the water-conducting vessels of the leaf. These vascular bundles
run parallel to one another and in a longitudinal direction throughout
the length of the leaf. A comprehensive study of the distribution of
’cheD vasgular bundles in the Sisal leaf has been made by F. Tobler
of Dresden.

Tobler points out that if a transverse section of the leaf be made,
the individual vascular bundles are revealed embedded in the fleshy
tissue of the leaf. The shape of the section shows two long slanting
sides, which constitute the under side of the leaf meeting in the thickest
part which corresponds to the apex of a triangle of which the sides are
all slightly curved, the curvature depending upon the point at which
the leaf section is made and on the mass of the flesh of the leaf.
Examination of the section shows that the bundles are not distributed
absolutely irregularly over the surface. They are more numerous
on the underside of the leaf, which appears to be divided into two
parts by a definitely marked narrow zone which joins the two top
comers of the leaf. On examination this zone appears to be produced
by a local concentration in one plane of vascular bundles. As the top
surface and sides of the leaf are approached, there is an increase in the
frequfency of the bundles, amounting, as the surface is approached,
to a fusion.

From the point of view of fibre, the importance of the vascular
bundle lies in the cells which surround and protect its more delicate
elements. The mass of these mechanical tissues determines the
diameter of the fibres. The section form of the technical fibres varies
according to the bundle and the zone of the leaf through which the
section is cut. The enclosed cells, the water-conducting cells and the
weak protein-conveying cells, also vary in extent according to the
zone of the leaf. Actually in the technical fibre these cells have
largely disappeared leaving a hollow space. From the technical
point of view the complete vascular bundles are of importance, and
their greatest concentration is around the zone line mentioned above.
Below this, interspaced between the complete vascular bundles, are
a number of smaller fibre cords which do not appear to be associated
with any water-conducting or other vascular elements. In the top
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area of the leaf the vascular bundles are fewer and of smaller size.
On decortication of the leaf, the complete vascular bundles, however,
constitute the main portion of the yield of fibres, and an anatomical
study of these throws much light on the cause of variation in the
form of fibres from various sources,

The typical vascular bundle section shows about 10-20 vessels
and a small group of delicate sieve tubes. On either side of these and
diametrically opposed to each other are a group of sclerenchymatous
fibres. One group of these is very much larger than the other, and
below the zone line of the leaf the orientation is such that this larger
group is on the lower side of the bundle (nearer to the lower surface of
the leaf). Above the zone line this orientation is reversed, the larger
group being on the upper side, but bundles actually on the zone line
conform in disposition with those of the lower part of the leaf. These
two fibre groups show marked difference both in shape and also in
the nature of their individual fibre cells. This will be discussed at
greater length later.

Decortication and subsequent treatment for extraction of the Fibre

The lignified nature of the fibre as also its manner of occurrence in
the leaf render it particularly suitable for direct mechanical extraction
and thus retting is unnecessary. Early attempts at extraction by
hand were so laborious, that in spite of the cheap labour available,
a prize was offered for the invention of a machine which would
_ successfully do the work. Such a machine was invented by a
Franciscan friar, who produced the first “ Raspador " for mechanical
extraction of Sisal in Mexico as early as 1839. It is of historic interest,
in that in principle it is the basis of all subsequent machines for this
purpose. Wigglesworth defines the principle as simple, in that it
essentially involves ¢ the crushing of the leaf whilst it is automatically
held in its centre.”” The leaves are treated as soon as possible after
harvesting to avoid hardening of the fleshy matter and to prevent
the juices becoming dry and gummy, thus rendering subsequent
fibre extraction a matter of difficulty. The modern decorticator takes
the leaves direct from a conveyer or automatic feed from whence
they are passed over concave saddle plates where they are stripped
of fleshy matter by steel or bronze knives bolted to revolving drums.
In action the machine takes the leaf from the conveyer whereupon it
is carried upon the surface of a feed drum until a time arrives when
whilst one end is still held by it, the other opposite end of the leaf
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meets the drum-and concave of the raspador part which works at
right angles to the direction of the feed drum. The pulpy matter and
flesh of the leaf are stripped off, leaving only the fibre hanging down.
During the whole of this operation a plentiful supply of water is played
upon the decorticator, in order not only to assist the fibre to free
itself from the fleshy matter in which it is embedded but at the same
time to afford a simple and ready means of removal of the refuse of
the decorticating operation.

At the same time, the abundance of water is said greatly to improve
the colour of the extracted fibre. The suspended hank of extracted
fibre passes further through the machine until it comes under the
influence of a blowing device which propels the hanging hank of
fibre forwards so that it next comes in contact with an arrangement
for the separation of the clean and unclean portion of the leaf. The
former is then delivered to the operator at the end of a conveyer
chain. The most modern plant embodies a device for gripping the
leaf near the butt end more effectively and is furnished with a wider
drum and concave for dealing with this part of the leaf. It is claimed
that about 13,000 leaves per hour can be dealt with by this machine.
The finally delivered and washed fibre, kept as free from entanglement
as possible, is hung out in the sun to dry, or alternatively is dried in
a drier by artificial heat.

The latter process needs careful investigation for, by analogy from
the experience of drying other textile fibres, which has become a
matter for scientific research, optimum conditions of temperature,
rate of passage through the drier, humidity of the atmosphere during
drying, form of heater, etc., would call for special design to meet
the requirements of the fibre in order to deliver it for manufacturing
purposes exactly as required. Until more is known of the fibre itself
such advice is difficult to render.

After drying, the fibre is brushed to remove any adhering pulp,
to comb and straighten the fibre in the hanks, improve the lustre by
polishing, remove dust and short fibre and generally improve its
appearance and quality. The plant for mechanical extraction would
thus appear to include as essentials (1) a decorticating machine,
(2) crushing rollers (to deal with thick or hard leaves), and (3) a
brushing machine ; also the necessary appliances for baling, weighing,
etc,, in preparation for export. It is unnecessary to describe the
various types of decorticator used, as details are available in the
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current publications of machinery makers for this type of work.
The Bulletin of the Imperial Institute No. 3, 1915, records various
types in use with a brief description of each, and this is further
amplified by Tobler (1932). Amongst others it would seem that
** Corona,” made by Messrs. Krupp ot Germany, and the ““ Sixdecor,”
made by Messrs. Robey of Lincoln, are highly popular in East Africa.
Other makers such as Messrs. Lehmann of Manchester, and Messrs.
Greenwood & Batley of Leeds, have their own specialities in this
regard. The leaf, asalready mentioned, contains only about 3 per cent.
of extractable fibre, and the 97 per cent. of waste (Megasse) is at
present largely unutilised. Proposals for the attainment of this end
will be discussed later. In the production of Sisal fibre, Wigglesworth
records that two classes of tow are also produced, the first from the
brushing of the fibre, which is carded and subsequently utilised for
the spinning of yarn upon machinery similar to that used for long
fibre. The second type of tow is an inferior product produced during
the decortication and contains barky material and is frequently
discoloured. Here again is scope for research, for it has clearly been
demonstrated that such tow as the first variety can be dealt with
effectively on a modified flat card such as is used for cotton and can
be made into a sliver direct. By softening previous to carding, a
good material for various purposes is produced. ‘

Nature of the Fibre

Sisal fibre consists of filaments of from 3-5ft. in length. The
colour of the best grades is white to pale yellow. If properly prepared
it is comparatively free from adhering pulpy matter. The diameter
of the fibre varies considerably from filament to filament, but the
average value is usually characteristic of the grade of fibre and the
district from which it is derived. Tobler (Faserforschung) has
arranged the better known grades of Sisal according to their pro-
perties in the following tables : —

Colour
Java A. .. . ..  Pure white.
Java X. .. .o ..  White.
East African .. .. Not quite so white.
Java T.C. .. .. Yellowish white.
Best quality Henequen ..  Yellowish.
Portuguese .. More yellowish.
Brazilian .. . .. More yellowish.
Indian .. .. .. Yellowish to yellow.
Henequen (common) .. Yellow.
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Average Length of Fibres
East African .. .o .. 137 cm.

Brazilian .. .. .. 130 ,,
Java Sisal A, .. .. .. 126 ,,
Java Sisal X, .. .e .. 126 ,,
Mexican .. .. .. 118 ,,
- Portuguese . .. .. 116 ,,
Java T.C. .. .. ..o 111,
Henequen, good quality .. 107 ,,
Indian .. . .. .. 101 ,,

Average Thickness of Fibres
Portuguese .. .. .. 0423 mm.

Mexican - e .. 0-403 ,,
Java A. .. - .. .. 0365 ,
Indian .. . . .. 0-358 ,,
Henequen, good quality .. 0343 ,,
Brazilian .. .. .. 0333 ,,
East African .. . .. 0324 ,,
Java X. . . .. 0320 ,,
Java T.C. . .. .. 0-223

He has also determined the variation in the thickness of the fibres
derived from leaves of different ages, the leaves being obtained
from plants which were strictly comparable. His results do
not seem to indicate very great differences in this regard, but, as
will be discussed later, a microscopical examination of the section
of the fibres from young and old leaves does in fact reveal differences
in the structure of the cell walls.

Chemical Composition .

The material of the Sisal fibre is a form of ligno-cellulose. A large
amount of data upon the chemical composition of Sisal fibres has
been furnished by the Imperial Institute, London, in their Bulletins
No. 3, 1915, and No. 4, 1929. The method of analysis employed
was similar to that of Cross and Bevan in their work upon Indian
Fibres and Fibre substances. Typical values are quoted below of
samples from Tanganyika, Kenya, Portuguese East Africa and
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Mexico. In the table, the figures quoted represent the highest
values (H), the lowest values (L), and the average for a number of
samples (A).

; Portuguese N
Tanganyika. Kenya. East Africa. Mexico.
] ) [ )
. Pl @i g1 . &
s . = d [ I -] o = | g b~
S E | o || B S B S w B}
H3)2|E]3]2|E|3]2|F|3]2
Moisture . [10-2) 7-4] 9-4j10-1] 9-3] 9-7| 9-6] 9-0} 9-3/10-1| 8-1| 9-0
Ash .. . .. ] 1-0,0-5 0-7} 1-3} 1-0] 1-2| 0-7; 0-6; 0-6] 1-7{ 0-5( 1-0
Alpha hydrolysis loss.. |11-6| 9-5{10-4|11-6{10-8/11-2(13-2{10-3{12-1{20-1/10-6{15:5
Beta hydrolysis loss .. [14-4{11-2{12-913-5[12-9(13-2[15-9{14-7{15-2/22-3{12-8(18-4
Acid (loss) purification | 3-0[ 1-1| 2-0 3-2| 2-6] 2-8; 3-8| 2-0] 3-0{11-4] 1-7} 6-5
Water washing loss 2-4] 0-2] 1-5| 2-8 2-0{ 2-5| 3-3] 1-5] 2-5{11:0{ 1-4] 6-0
Cellulose content .. 181-4|77-0|78-9(78-0|76- 3|77 - 3|77 - 3|75-6/76-3(77+1/69-1]73-1

The moisture content was determined in the ordinary manner by
drying at 100-110° C. and the value is expressed as a percentage of
the original weight. The moisture values serve to some extent as an
indication of the susceptibility of the fibre to attack by hydrolytic
agencies. The ash content is determined by complete incineration
of the fibre and weighing the residue. A high ash value is indicative,
possibly of mineral impurity introduced during the preparation of
the fibre. In the case of hydrolysis the « hydrolysis figures indicate
the loss on immersion in boiling caustic soda solution of such dilution
as to represent 1 per cent of Nay0. The operation is performed in a
reflux condenser for 5 minutes. The B hydrolysis is accomplished
by similar immersion under like conditions to the above, only for a
protracted period of one hour. Whereas in the case of « hydrolysis,
the loss in weight indicates the amount of directly soluble matter
extracted from the fibre by the alkali, the figures obtained for the 8
hydrolysis include also the amount of substance rendered soluble
by the degradation of the fibre substance by the alkali. The values
for the hydrolysis loss, therefore, indicate not only the susceptibility
to alkaline attack, but also may be taken as an index of the ability
of the fibre to resist prolonged exposure to aqueous influences or to
alkaline liquids encountered during industrial processing.
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The loss on acid purification obtained by slowly heating to boiling
the fibre immersed in a 20 per cent. solution of acetic acid affords a
measure of the quantity of casual impurities present, as also the water
washing method employed which merely indicates the amount of
water soluble impurities present. The cellulose evaluation was
reached by boiling the fibre for five minutes in a dilute solution of
caustic soda of the same strength as in the hydrolysis tests, and
after removal of alkali by washing, subjecting the wet fibres to the’
action of chlorine gas for one hour or even longer as required. After
further washing it was treated with a 3 per cent. sodium sulphite
solution which was slowly heated to boiling. After two or three
minutes of boiling a small quantity of cold water is added, and in a
corked flask the contents are submitted to increasingly violent
shaking until the fibre is broken down into its ultimate elements.
After filtration and treatment with a 20 per cent. solution of acetic
acid, it is washed, dried and weighed. The immersion of the
chlorinated fibre in the sodium sulphite solution is accompanied by a
brilliant purple or crimson coloration, if the fibre is of the ligno-
cellulose type, whilst a practically colourless solution is obtained
from non-lignified fibres.

The above described method of cellulose estimation aims at
removal of non-cellulose matter leaving the cellulose content intact.
The figure so obtained is obviously of high economic importance. In
commenting upon these results, the Imperial Institute calls attention
to the fact that the Tanganyika samples were least affected by
hydrolysis, water washing and acid purification, and had the highest
cellulose content. Kenya samples were intermediate between
Tanganyika and Portuguese East Africa, whilst the Mexican samples
were mostly inferior to the East African ones, owing to the large
amount of 1mpurities present and the low cellulose content. Taking
the difference between the « and B hydrolysis figures as indicative
of the relative stability of the fibre substance and its durability
to exposure, it is interesting to compare these differences in the
case of the samples examined. The following table sets the figures
out clearly :— :

Sample. Range per cent. Average per cent.
Tanganyika .. .. 1-7-3-8 2-5
Kenya .. .. .. 1.72:6 2-0
Portuguese E. Africa.. 1:8-5:0 3-1
Mexican .. 1656 2-9
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The actual difference between the various samples is therefore

small and would seem of small significance.

Further work on the analysis of Sisal is recorded by Michotte
who quotes the following figures for the analysis of the dry fibre.

His method of analysis, however, is not described.

Henequen Analysis of Dry Ftbres—Wezght 58-70 kgm.

Phosphoric Acid 0-24
Lime .. .. 1-14
Potash . . 0-62
Nltrogenous matter 1-02
Saccharifiable carbohydrates 5-09
Cellulose . . 25-24
Vasculose Lignin, etc. .. 22-60

The following further table of chemical analyses of Sisal carried
out at the Imperial Institute, London, is available.

Central | o New
Provinces, amour. Madras. | South |Trinidad.|Bahamas.
India. pur. Wales.
Moisture . 11-0 9-1 9-3 - 9-8 11.6 12-8
Ash 3-6 0-8 1:5 1-6 1-0 4-4
Alpha hydrolysxs 19-6 8:6 13-6 13-0 11-7 120
loss,
Beta  hydrolysis { 21-9 15-1 16:9 15-0 13-5 16-1
loss.
Acid purification 2-5 1:6 29 56 1-0 8-1
loss.
Mercerisation loss | 12-5 12-3 10-8 12-2 8:9 13-4
Nitration increase [ 30-5 37-5 33:1 34-1 32-9 29:7
Cellulose .. 67-1 82:4 757 77-7 77:2 759

‘Tobler quotesa further series of values for the chemical composition
of dry fibres :—

Dry Fibres ' Per cent.
Mineral matters . .. . 0-96
Nitrogenous matters .. . .. 0-72
Reducing sugars . .. .. Traces
Non-reducing sugars .. .. . —
Other soluble carbohydrates. . .. 12:30
Cellulose . .. .. 67-26
Vasculose hgnoce]lulose, etc. .. 18-74
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Cross section of Sisal fibre. (Dantzer and Roehrich.)
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Although these analytical figures may be of interest, Tobler
indicates that he considers that they are of small account in assessing
the commercial value of samples. This statement is probably an
exaggeration, but the fact remains that samples of greatly differing
commercial value may have the same content of cellulose. The
difference between the alpha and beta hydrolysis values, however,
may convey useful information as to the stability of the fibre substance.
An intricate chemical investigation of the lignocelluloses would
possibly yield significant results, especially if the analytical results
so obtained could be correlated with the conditions of growth of
the plant, its age, and also the age of the individual leaves when cut.

FORM OF THE FIBRE

Anatomical Investigation of Fibro-vascular Bundles

It has been mentioned that according to Tobler (Faserforschung)
a microscopic examination of the section of a complete fibro-vascular
bundle (a complete technical fibre) reveals that each bundle has two
groups of mechanical tissues which strengthen and protect its
weaker elements. The larger of these is of a horse shoe or crescent
shape, and more or less surrounds the water~conducting and other
vessels of the bundle, or, as these are generally absent in the technical
fibres, the cavity which they have formerly occupied. The other
group is more or less complementary to the first group, the two
together making in some instances, a complete circle or ellipse. In
the cross-section of the bundle, however, they are usually some

;lis}ance apart, separated by some of the ground tissue cells of the
eaf.

In the process of extraction of the fibre from the leaf these groups
may or may not be separated, according to (4) the severity of the
treatment, (b) their original distance apart, and (c) the strength
of the intervening cellular linkage. This leads in practice to the
occurrence of filaments of two distinct types. Furthermore the
larger group (inner group) is itself not infrequently broken up by the
processes of extraction and preparation of the fibres; that is to say
the fibre is split into smaller units. Tobler has found that the origin
of a Sisal fibre may often be traced by the size and shapes of these
groups. Variations in the method of preparation may lead to
differences in the frequency with which the different groupings
may occur in a commercial sample. For example during the mechanical
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processes such as brushing and washing the weaker (smaller sectioned
fibres) may break up and be lost, leading to a predominance in the
finished fibre of the larger groupings. There is, in addition, another
remarkable difference between the two groups. The elementary
fibre cells which make up the inner group are thicker in the walls
and have a much narrower lumen than the fibre cells of the outer
and %maller group. This difference can be seen in the Figs. VII
and VIII.

Thus, in a technical sample it is possible to differentiate between
fibres derived from the two groups. If the inner group has been
greatly broken up by the longitudinal splitting of the fibre, this
will be indicated by the frequency of small section fibres with thick
walled cells with a narrow lumen.

In general it is said that for conventional usage the most desirable
qualities in Sisal fibre are a solid form, and the absence of split fibres.
Individual cells should be thick walled, as this is an indication of
mechanical strength in the filament. Java and East African fibres
appear to be the best ; they are strong owing to the definite horse shoe
shape, and the small dimensions of the cavity from which the mass
of the vascular tissues have been removed. An inner group which
forms part of a circle of large circumference, that is to say, one which
is crescent shaped rather than in the shape of a horse shoe, is much
more likely to be split during the preparation of the fibre; so that
this quality and thinness of the cell walls may both be associated with
the breaking up of the fibres.

Lignification of Fibres

The difference in the sections of fibres obtained from old and young
leaves is interesting. Whilst it does not appear from Tobler’s
investigations on this point, that the plant adds additional bundles
as the age of the leaf increases (the thickness of the fibres from old
and new leaves being approximately the same), yet there are
indications that as the age of the leaf increases the fibres become
more lignified. In the section of the fibre cell this is indicated by a
darkening at the points of juncture (corners) where the middle
lamellae come together. This increase of lignification is the cause of
brittleness in the fibres. Staining of the sections with Phloroglucin
HC! shows a marked increase in the lignification, not only with
increase in"the age of the leaf, but also with increase in the age of the
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plant. Thus young leaves obtained from old plants just before the
poling stage yield fibres which are lignified to a considerable extent
and correspondingly brittle. Working with Henequen, Tobler has
shown that the shorter fibres are less lignified than the longer ones,
this being due to the fact that the shorter fibres are, generally speaking,
derived from the younger leaves. Since brittleness and inflexibility
increase with the degree of lignification, and the spinning qualities
of the fibres depend to a large extent on the degree of existence of
these qualities, it is suggested that it might be advantageous for
subsequent utilisation to aim at cutting the leaves as early as possible.

How far this suggestion is economically sound is another question,
since it has to be .demonstrated that the more flexible fibres can
command a higher price in the market or are of greater utility. Itis
generally thought that the more a fibre is lignified the weaker it will
. be owing to increased brittleness.

It is stated that when a plant commences to ““ pole ”’ the practice
followed is to allow the remaining leaves to mature. These leaves
yield “strong’’ fibres which are very highly lignified and corre-
spondingly brittle. Unless, however, a grower can get a higher

rice for more flexible fibre obtained from less immature leaves, it
1s obviously in his interest to obtain as high a yield of fibre as possible,
irrespective of the degree of lignification. In this connection it is
interesting to note that the fibre from East African plants, which
have a high rate of growth, is less brittle and more flexible than for
example the fibre from Yucatan.

Structure of the Fibre

The filaments of Sisal are built up of groups of elementary fibre
cells. These cells may be separated by boiling with aqueous alkalis.
A section through a single filament reveals the cell structure.
Hermann and Herzog (Mikroskopische und mechanisch-technische
Textiluntersuchungen) describe the fibre cells as polygonal in shape,
the corners being slightly rounded. The length is given as 1-5 mm.
and the breadth 24 . The lumen is polygonal the corners being more
rounded than those of the cell wall. The elementary fibres are rarely
forked. Spiral vessels occur frequently. The walls are seldom
laminated. The ash which is of a greyish white colour consists of
crystals of calcium carbonate derived from calcium oxalate crystals
present in the fibre and 0-5 mm. in lengths.
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A similar description is given by Matthews (Textile Fibres) who
gives the length of the fibrillar cells as 1:5—4 mm. and the breadth as
20-30 p.. They are described as stiff in texture and showing a remark-
able thickening towards the middle. The width of the lumen is
described as frequently greater than that of the cell wall. Short thick
walled fibres with pointed ends are stated to occur frequently. In
. these the lumen is narrow and surface pores are to be noticed. Spiral
shaped schlerenchymatous tissues are also common. JIodine and
sulphuric acid stain the walls yellow but no median layer is revealed
between the fibres. Richter has measured the breadth of the cells
which he gives as on the average 21-24 y, the walls being 6 p and the
lumen 9 w. Richter also observed the characteristic sword-shaped
ends of many of the fibres, and the thickness of the point he measured
as 9 p. According to Michotte, the cells may sometimes be lobed and
sometimes forked or bifurcated. Characteristic of Sisal are groups of
three fibres which are closely attached to one another and which can
only be separated with difficulty, the group appearing to form one
unit. )

Michotte also records dimensions similar to those given by Matthews.
He states that the size of the cells varies with the age of the leaf
Tobler has stated that such differences are not to be observed although
the appearance of the cell wall is different, being darker in the case
of the older and more lignified cells. The length of the fibre cells was
also determined by Dantzer and Roehrich as between 2 and 2-5 mm.
The fibres give the characteristic tests for lignocellulose with aniline
sulphate and with phloroglucin/HC!. lodine and sulphuric acid
give a bright yellow coloration. With chlorzinc iodide according to
Richter they give a brown violet colour turning to violet in the course
of a day, but according to Michotte a yellow coloration. They swell
up slightly under the action of chromic acid and irregularly on
treatment with Schweitzer’s reagent.

According to Tobler, the fibre cells separated by maceration of the
fibre bundles, when treated with Schweitzer’s reagent swell up and
show, in many cases, marked spiral rotation. Between the spiral
and the primary membrane, globular swellings were to be noticed.

In the case of Henequen, the spirals were only observed with the
thin-walleds (narrow lumen) cells, and not under the conditions of
the experiment, with the thick-walled cells. Tobler suggests this as
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another way of distinguishing between the fibres derived from the two
groups of the vascular bundles. This difference was not so well marked
with Java Sisal in which case he observed rotation with fibres
of both groups, but it was more marked with the fibres with the wide
lumen. He observed that the latter fibre elements were more difficult
to isolate by maceration, tending to form groups in many cases of
three twisted together. Such groups were very difficult to separate.

Molecular Structure of Stsal Fibre

In a recent paper by H. Mark, it is stated that the use of cellulose
compounds to such a large extent in industry is largely due to their
unusual mechanical strength. He quotes a table showing that hemp
has a tensile strength of roughly 80-92 kilograms per sq. mm. as
compared with steel at 50-160, and copper at 20-50, etc., whilst
Tchoubar gives the value for Sisal as from 60-75 kilograms per
sq. mm,

Thus the strongest of the cellulose fibres are as good or even superior
in tensile strength to many metal wires. This remarkable fact has led
to the investigation of the mechanical behaviour of cellulose by
means of an examination of the relationship between its tensile
strength and its structural model. Cellulose, according to Mark,
consists of ultimate fibres with a diameter between 1 and 5 deniers
and of irregular shape.

These fibres are built up of bundles of long molecular chains,
which are held closely together and known as “ micelles.”” The
number of such chains per micelle is unknown but one such bundle in
native cotton or ramie fibre consists of 4060 of these chains. The
diameter of a micelle is between 50 A and 70 A, so that one single
fibre contains about ten million micelles in its cross section. The
chains themselves are built up of glucose units linked together by
consecutive 1-4 glucoside bonds. These are called ““ main valence
chains ”’ and form the backbone of the structure. Their average
length is not fixed, but in natural samples of fibres such as those now
under discussion, these chains are estimated to contain about 150-200
glucose molecules. Glucose units, main valence chains and micelles
are the three essential building stones of cellulose fibres. In a
discussion upon ‘‘ Colloidal structure and its biological Significance ”
Dorothy Jordan Lloyd traces the various successive phases of cellulose
fibre formation and growth and points out that plants make for them-
selves a protective cover for the protoplasm of their cells. The green
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plant has the power of synthesising glucose from water and carbon
dioxide under the influence of sunlight. Since water, carbon dioxide
and sunlight are generally available together at certain seasons,
continual synthesis of glucose presents no difficulty to the plant,
and this carbohydrate therefore certainly forms a convenient raw
material, not only for cycles of biochemical activity, but also for
structures which are the end products of a non-reversible series of
chemical changes such as are involved in building up the permanent
stable structures in plants, cellulose cell walls, fibres of wood, Sisal or
bast, etc., cotton hairs and so on.

Haworth has shown that glucose exists commonly as a six-atom
ring configuration (known as the ‘ pyran’ ring) which also has a
side chain. The glucoses or “ pyranoses *’ have a compact structure
with plenty of polar groups available for association with water and for
taking part in chemical reaction. Asalready stated glucose molecules
have the capacity for joining up with each other by means of bonds or
linkages giving a new class of substances known as ‘‘ saccharides”,
thus giving rise first of all to a disaccharide, known as cellobiose.

By repetition of such combinations we get “ polysaccharides” or
long chains of *“ pyran ”’ rings, as mentioned above, joined together
by glucoside linkages, giving a chain of open structure and finally by
telescoping this chain, i.e., by rotating it at the glucoside oxygens,
we get a compact chain of the type which evidence suggests is probably
found in cellulose. Thus the cellulose carbohydrate chain contains a
compact backbone, formed by regularly repeating units, consisting
of six-atom rings alternating with other six-atom rings, and giving a
definite X-ray picture indicative of a crystalline structure. The chief
biological function of such a structure is protective and hence we find
it highly resistant to the attack of the ordinary saprophytic organisms
present in air and water. Dorothy Jordan Lloyd emphasises the
biological function of tissues such as the keratinous layer of the
. epidermis of animals, cellulose walls in plants, external fibres such as
wool and cotton hairs, and internal fibres such as bast fibres or Sisal,
is purely mechanical since chemical activity is not desired during
plant growth. ) ‘

Here the importance of the backbone of the colloid is paramount,
and hence we find in such tissues as ennumerated above, compact
stable ring structures which leave little space for the incursion of
water or d,isturbing molecules. In the plant world, these resistant
fibres, as already indicated, are carbohydrate.

26



In stretching a cellulose fibre, Mark has suggested that the micelles,
which are originally orientated almost at random in the fibre, gradually
become orientated parallel to the direction of stretching. He supposes
that the micelles remain intact during stretching and that they flow
as if they were soft worm-like bodies. As a result of his observations
he proposes an interesting theory regarding tensile strength which
leads to the formula :~—

vs
F=Fo oy w

Where v is the extension of the fibre as given by the equation
v = lfl,, Iy being the initial length and / the actual stretched length
of the sample, p represents the axis ratio of breadth to the length
(ie. bfi = p) of the geometrical dimensions of the micelles, and F
represents the strength of the fibre. For technical application it is
of im}t))ortance to note that the possibility of strengthening a cellulose
fibre by extension is a function of p, i.e. the ratiobetween the breadth
and length of the micelles. The nearer these two factors are to equality
the less is the chance of increasing the strength by stretching as can
be done in certain artificial cellulose fibres. Thus in practice only
a material which contains Jong bundles gives good and fast fibres.

Van Iterson has shown that the extension curve of non-ductile
fibres (such as flax, ramie and hemp) has the form corresponding to
the upper curves of the series given by Mark, namely, when the value
of pis such that /= 105. For ductile fibres, such as coconut and
kitul, the value corresponds to I = 3b, whilst for Sisal, the value is
given as being of the same order.

Ductility :

An important characteristic of Agave fibres is their ductility or
ability to stretch beyond their elastic limit without rupture. The
investigations of Sonntag (Flora 49, 1909, 203) have shown that
vegetable fibres may be divided into two classes, ductile and non-
ductile. Certain fibres, such as Cocos nucifera (coir) and Agave
americana, when loaded beyond their elastic limit are permanently
stretched. Sonntag gives the extensibility of fresh (wet) Agave
americana fibre as 20-30 per cent., against 6 per cent. for the air
d_ned fibre. According to Sonntag, ductile fibres are invariably
highly lignified. A study of the degree of lignification and the ductility
of a large number of fibres does not establish any direct relationship,
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many highly lignified fibres being non-ductile. His contention is
that the property of ductility must be related to the physical structure
of the cell wall itself.

Ductility and Physical Structure

Many investigators have noted the striations which appear on the
lamellae of the cell walls. These markings usually form a right-hand
spiral on the outer or primary membrane and a left-hand spiral on
the inner or secondary membrane, and have generally been regarded
as indicative of the molecular structure of the cell walls. Tobler,
as also Heermann and Herzog have subsequently investigated these
spirals in Sisal fibres. Hanberlandt, as early as 1879, regarded these
spiral striations as an indication of the arrangement of the micellar
chains of molecules. Sonntag has looked for the cause of ductility
in the arrangement of these spirals. He isolated the cells by macera-
tion and measured the angles which the striations made with the
longitudinal axis of the cell. The angle of the micellar planes is
more frequently seen in the secondary membrane by the inclination
of the pores which follow the line of cleavage. With the aid of
microchemical reagents, Sonntag was able to observe and measure
the angles which the striations or pores in each membrane made
with the cell axis, his investigations embracing a large number of
vegetable fibres. His results for coir, Agave americana, and hemp
(Cannabis sativa), are tabulated below :—

Inclination of striations
in the Extensibility
Fibre, Condition. - of
Primary Secondary Fibre.
Membrane. | Membrane,

(1) Agave americana .. | Air dry 25°-38° 25°-40° |Upto 5-99,
8 . .. | Fresh 25°-38° | 25°-40° w 20-30%,

(2) Coir .. . .o | Air dry 53°-54° °~53° » 16-0%

(3) Cannalbis sativa .. " 90° 4°~ 8° »  1:27%

The comparison of the angles made by the striations of typical
ductile fibres (1 and 2) with those of a non-ductile fibre (3) shows that,
in the case of the latter fibre, the striations in the outer lamella are
nearly perpendicular to the cell axis, whilst those of the inner lamella
run more néarly parallel to it.
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Examination of ductile fibres by means of polarised light showed
that the variations in the polarisation colours followed very closely
the vanations in the figures for the angles of inclination of the
striations, the ductile fibres forming one group. The early discovery

- of the significance of double refraction of light by cellulose structures,
due to Nageli, and its subsequent confirmation by X-ray spectroscopy,
is well known. There results from such measurements, therefore,
two values of the refractive index for light corresponding to the
deviation of the ordinary and extraordinary rays in their passage
through the fibre. The difference between these two values from each
other is indicative of the micellar structure of the material. Preston
has recently pointed out that if regenerated cellulose rayons are
compared with natural cellulose fibres, then from bi-refringence
observations upon the two, it may be concluded that the difference
in structure lies in the fact that the former are composed of cellulose
which is less orientated than the latter. The lower bi-refringence
observed, as indicated by the difference in value between the two
refractive indices, should be due, if the above argument is true, to
a rise of the lower value and a fall in the higher one. A fall in both
is actually what occurs, the higher falling more than the lower,
hence rendering the difference between them less in value. That a
native cellulose fibre does show a rise in the value of the lower index
and a fall of the higher index is seen in the case of cotton, Sisal and
certain other fibres, as compared with the values for linen and
ramie. Values for the two refractive indices (»y and na) for linen,
ramie and cotton, due to Preston, and for Agave perfoliata (due to
F}fey) are quoted below, as also for the angle of orientation calculated
therefrom :—

\

. Bi- Angle of
Fibre. " ne refringence, | Orientation.
Linen and Ramie .. . 1-596 1-528 0-068 —
Cotton . . . 1-578 1-532 0-046 30-0°
Agave perfoliata .. . 1-559 1-536 0-023 46-7°

The fall in the values of the indices is obvious, as also the decrease
in bi-refringence. Linen and ramie are known to have a parallel
micellar structure, whilst the other two, as indicated above, have a
spiral structure. The inference from the above figures, therefore,
1s self-evident.
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Agave fibre cells examined with crossed nicols and a Gypsum
plate, Red 1, with the longitudinal axis of the cell being over the
greater axis of the plate (that is with both making an angle of 45°
with the plane of polarisation), the inner membrane shows up strongly
with a deep blue coloration.

From his observations Sonntag draws conclusions as to the factors
upon which depend the ductility of fibres. From actual measurement
it is seen that the angles of inclination of the striations in the case
of the fibres with the greatest ductility show that the striations of
the lamellae were always oblique, that is, they were not perpendicular
or parallel to the cell axis. Further, the inclination of the right-hand
spiral in the primary membrane was, approximately, the same as
that of the left-hand spiral in the secondary membrane. An
illustrative model will explain the cellular mechanism.

If two spirals of wire are wound round a pencil in right-hand and
left-hand directions respectively, and then fastened together the
extensibility of the whole unit is limited by that of the spiral with the
steepest “ pitch ”’ (the shortest piece of wire), which in the limit
would break before the other was fully extended. This is the model
which Sonntag suggests for the cell walls. When the spirals have
approximately the same ‘‘ pitch”’, the ductility is at a maximum.
The theoretical considerations derive support from the study of the
breakage planes of a ductile and a non-ductile fibre. Whereas the
former breaks cleanly, the latter gives a very jagged cleavage.
Microscopic examination of the broken edge in the latter case reveals
that the inner membrane is broken up, whilst the outer is found in
the form of long spirals attached to one or other of the pieces of
the filament.

Physical Properties

In measuring the tenacity of individual fibres for purposes of
comparison, account must necessarily be taken of relative areas of
cross-section. This is of particular importance when we take into
account the occurrence of the two fibre types previously mentioned.
Moreover, values for tenacity are only useful for purposes of com-
parison when they have all been determined side by side under the
same conditions. Widely divergent figures are given for Sisal by
different investigators, largely as a consequence of lack of uniformity
in testing methods and sampling.
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An important technological study of Sisal and Manilla fibre has
been carried out recently by Dantzer and Roehrich, and com-
municated privately. The system of physical measurements which
they have adopted is suitable for assessing the commercial value of
fibres of different origin, and a description of their methods will
enable their data to be more fully understood.

Rigidity

Dantzer and Roehrich classify fibres normally under the headings
““hard " and “ soft,” according to their flexibility or rigidity. The
term ‘‘ hard " is applied chiefly to fibres suitable for the manufacture
of cordage, and the value of such a characteristic is expressed by
them in terms of a quantity called the Index of Rigidity.

In the Empire Marketing Board publication on Sisal No. 10, it is
stated that true hemp is a non-lignified fibre, possessing a character
which leads to its inclusion in the class of *‘ soft ”’ fibres; the other
products are more or less lignified and belong to the category of
“hard” fibres. Sisal, henequen, etc., are included in the latter
group. S. Tschoubar, (Revue Textile September, 1930), suggested a
method for the determination of this quantity, which may be briefly
described. A bundle of fibres, 15 cm. long, and weighing 0-01 gm.,
is clamped at one end and suspended from a suitable stand. To the
lower end is attached a metallic disc, by means of which torque is
applied to the fibres by giving the disc a number of turns. On releasing
it the fibres immediately commence to untwist and the disc oscillates
for a certain time before finally coming to rest. This period (T)
measured in seconds, affords, according to Tschoubar, a measure
of the rigidity of the fibres.

In order to furnish a basis for comparison, a standard is adopted
in relation to the performance of specially selected viscose filaments
(d.300) which, under the above conditions, gave a value for the time
taken to come to rest of 15 seconds. The index of rigidity for the
standard viscose filament was unity, and if e.g. a fibre gives a value

5
of T = 6 seconds, its index of rigidity is calculated as %—= 2-50,

which really implies that the fibre is 2} times more rigid than the
viscose standard. Any fibre with an index above 1-80 may be
regarded as a hard fibre, nearly all of which are derived from the
leaves, etc., of monocotyledons. Sisal and manilla, sansevieria
and aloe fibre, all have both a rigidity index greater than two.
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Fineness

Dantzer and Roehrich classify the fineness of a fibre as indicated
by the ‘“ Metric Number ” which is defined as the length of the
fibre in kilometers, which will weigh 1 kilogram. Ten cm. lengths
of the fibre are cut from the middle of the filasse and the weight of
100 is determined.

The Metric Number = IO(i)nl,

where # = the number of fibres.
! = length of fibres in cm.
P = wt. of whole in mgm.

Assuming, perhaps somewhat arbitrarily, that a cordage yarn
contains a minimum of 35 fibres in its section, the count of the finest

possible yarn may be determined from the formula C =%. Thus,

according to Dantzer and Roehrich, Sisal fibre, with 37-300 m. to
the kilogram, should yield a yarn measuring slightly more than
1,000 m. to a kilogram.

Tensile Strength

The most important quality of cordage fibres is their resistance
to breakage, and this Dantzer and Roehrich have studied in the
following manner :—

(@) Breaking Length: is defined as the length of fibre in
kilometres which, if suspended from one end would break under
its own weight. A certain number of fibre lengths of 10 cm.
are tested in a testing machine, the jaws of which are placed
at a distance of 5§ mm. apart. If F is the resistance to breakage
in gm. and P is the weight of the fibres taken for the experiment,

then the breaking length L = i-%f’ For a sample of Sisal, they
have calculated that L = 56-9 km.

() Tensile Strength per Square Millimelre—The tensile
strength of a fibre of unit section may be calculated by the
formula R = LS, where R is the stress in kgm. per sq. mm.,
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"~ L the breaking length, and S the specific’ gravity of the fibre
which is assumed to be 1:5 for all cellulose fibres. Thus for
Sisal, R = 56-9 x 1-5 = 85-3 kg.

(c) Apparent Density.—1t is obvious that since the Sisal fibre
is not solid its apparent density is the quality most easily
measured. In order to have an idea of the tensile strength of the
actual fibre substance, Dantzer and Roehrich have determined
the apparent density of the fibre, that is to say, its density as
determined from its volume without taking cognisance of the
correspondence due to the presence of the lumen, hollow spaces
and twisting, etc., of the fibre. To determine this, use is made
of the following rapid method of Tschoubar.

A micrometer is employed (the jaws of which are modified
to hold a bundle of fibres rigidly, the screw reading to one
hundredth of a mm.). The force of compression exerted upon
the bundles so held is limited to 2 kg. per sq. mm. by the operation
of aratchet. A bunch of fibres of length “1” (in practice 10 cm.)
of weight “ p” (in practice approximately 0-25 gm.) is placed
between the teeth of the lower jaw. The distance between the
teeth “ e 7, is in practice about 2 mm. The plate of the opposite
jaw is placed in position and the micrometer screwed up until
the ratchet functions, the pressure remaining constant. The
micrometer reading ‘““ h "’ represents the thickness of the group
of fibres under a constant pressure. The apparent density is

given by the equation S’ = ; )j: 77 Where p = the weight in
gm. of the bundle of fibres.
For example the Sisal cited above S’ = 02 % (1)022( 0-152 =

0:823. Dantzer and Roehrich point out that this method is
open to criticism since the measurement of apparent density is
influenced by the interstices between the fibres according to their
size and shape, but the interest in the measurement lies in the
fact that the pressure exercised is of the same order as that applied
by the twisting during the manufacture of cordage. The
significance of an apparent density of 0-823 where the fibre

~ substance has, it is supposed, a density of 1-5 is that about
55 per cent. of the cross sectional area of the fibre is actually
occupied by the solid material.
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(@) Tensile Strength per Square Millimetre of Actual Cross-
section.—The principal application of the apparent density
determination is to calculate this new characteristic. It gives
a comparison of the fibres on a basis of equal weight. The
following formula gives the actual resistance R’ = L x S’
In the case of the Sisal already given as an example R’ = 56-9
X 0-823 = 464 kg. per sq. mm. of actual cross-section.

The following table gives the principal characteristics of the Sisal
fibres of various origins which have been studied by the methods
indicated above.

Count Tensile Tensile

Ind Metric | of finest X strength strength

ndex |number| YaIR ) Break- |inkgms. _ }in kgm.

Sisal of of the (possible| ing perggl;. Agﬁ:.r per sq.

Designation. Rigid- | fibre N Nc= N| length { mm. of Density.| mm. of
ity. in 35} in kim. | fibre ¥l actual

metres. in sub- Cross-

metres. stance. section.
French Sudan .. { 2-31 |37-300| 1-060] 56-9 85-3 0-823 | 46-8
i 5 «+ | 220 |35-800] 1-020| 63-8 95-7 0-785| 50-0
‘British East | 2-14 | 40-900{ 1-1401{ 53-7 80-8 0-790 | 42-4

AfricaNo. 1.

Java .. .. 1 273 | 27-400 780 | 48-1 721 0-845| 40-6
Mexico heneque 2-73 | 26-600 760 { 39-3 58-9 0-696 | 27-3

The apparent density is approximately the same for all the fibres
studied, the values being between 0-785 and 0-900, with the exception
of Mexican Henequen which was low, namely 0-696. With regard to
tensile strength, the ‘Sisal from British East Africa exceeded 80 kg.
per sq. mm., which is an excellent figure; Java, and particularly
Mexican are less strong, the low value for Mexican Sisal being
confirmed by a large number of experiments.

Methods of Distinguishing Sisal from Manilla

Since Sisal fibre is often.mixed with Manilla hemp, it is important
to have reliable tests which will enable the two fibres to be dis-
tinguished from each‘other.
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Dantzer and Roehrich (loc. cit.) have dealt with {this subject
in detail. Three methods are given by which the presence of an
admixture of Sisal fibres in a Manilla rope may be ascertained.

1. Microscopic Examination of Fibre Sections.—As has already
been mentioned, a section of a Sisal fibre shows in most cases a
characteristic horse shoe or crescent shape, Manilla, on the other hand,
yields sections which are approximately circular in form. An
approximate estimation of the percentage of the two fibres in a mixture
may be achieved by cutting sections of equal thickness from a large
number of the mixed fibres, dividing them according to their contour
into two groups which are then weighed. Since the apparent density
of the twofibresis of the same order, their percentage can be calculated.
It is not suggested as anything but a very approximate method.

2. Comparison of Elementary Fibres—An examination of the
sections of elementary fibre cells reveals certain differences between
the two fibres but since the different grades of both the fibres show
in themselves a great deal of variation it is not possible to define
any distinguishing test which can be applied with certainty. The
two fibres Sisal and Manilla are aften almost equally lignified so that
it is hardly possible to distinguish them by means of the usual
micro chemical reagents. By boiling the small pieces of both types
of fibres with alkali the elementary fibres are separated and whilst
there is not much difference in the appearance of ultimate fibrilae
and Manilla and Sisal may be distinguished by measurements of their
length. The elementary fibres of Sisal are from 2 to 3 mm. in length,
whereas those of Manilla may be as long as 10 mm. but are on the
average 4 to 6 mm.

3. Microscopic Examination of the Ash—When threads or bundles
of the two fibres were ignited and the respective ashes examined,
the following differences were noticed.

The ash of Manilla is grey in colour and that of Sisal is whiter. A
certain amount of experience is necessary in order to be able to
differentiate between the two by colour alone. Immersed in alcohol
and examined under the microscope the two ashes reveal distinguish-
Ing characteristics. The ash of Manilla is characterised by chains of
silicious skeletons of the ““ Stegmata ’ cells. The ash of Sisal contains
thick blackish needles pointed at both ends occurring sometimes
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singly and sometimes in dual form. These needle-like forms consist
of calcium carbonate which has been produced by calcination of the
calcium oxalate present in the fibre.

4. Examination by Ullra-Violet Radiation.—For this purpose the
fibres were irradiated by ultra-violet radiation from a recognised
analytical lamp. The filasse of Sisal showed a somewhat insignificant
fluorescence of a yellowish or bluish colour, Manilla gave a very strong
fluorescence from blue to violet in colour, described as ‘“ Parma ”’
violet in shade. Manilla of inferior quality with a strong brown
coloration responds to the test plainly. Thus in a mixture of the
two fibres in a yarn, by spreading out the fibres brush like and
examining them individually for fluorescence, an estimate of the
percentage of Sisal or Manilla may be effected, the fluorescent and the
non-fluorescent fibres being weighed separately.

In this connection, Dantzer and Roehrich mention a recent observa-
tion of Krais. Bundles of Manilla and Sisal fibres were separately
exposed to the sun for 16 hours, half of each being masked from the
sun’s rays. The protected portions gave a bluish tint with Sisal, but
a strong violet fluorescence in the case of Manilla. The exposed
portions remained yellow in the case of Sisal and blue with Manilla,
the blue of the latter being only slightly more intense than that
of the unexposed Sisal. .

A chemical method of distinguishing between the two fibres is
described by C. E. Suett, (Industrial and Engineering Chemistry, 1918,
10, 227), who states that on treating Manilla with bleaching powder
and acetic acid, followed by ammonia, it is coloured brown. Sisaland
other hard fibres give on similar treatment, a cherry red coloration.

Identification of Sisal by Means of Neocarmin W.

A further method of identification of textile fibres has been furnished
by Neocarmin W. If a distinction is wanted between Jute, Coconut
and Sisal, it is simply done by carrying out the following procedure :—

1st Method.—The fibres are immersed in Neocarmin for about
5-8 minutes. The sample is then rinsed in running water, passed
through water containing a little ammonia and again washed.
The following distinctive colorations are then obtained :(—

Jute .. .. Olive brown.
Coconut fibre .. .. Brown.
Coconut yarn . .. Olive.

Sisal .. .. . .. Green.
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2nd Method.—The sample is dipped in Neocarmin which has
been heated to boiling point. It is then rinsed in running water,
immersed for about 10 seconds in water containing a little
ammonia and finally again washed. This method produces the
following very distinctive colorations :—

Coconut fibre .. .. Brown.
Coconut yarn . .. Olive.
Sisal .. .. .. .. Blue.

The second is perhaps the better method.

The Commercial Applications of Sisal and its By-Products

The Fibre.—The inherent structure of the Sisal fibre has largely
defined its sphere and range of commercial utility in the past, and
unless research is actively promoted in order to find methods of
treatment to render it suitable for other uses, i.e. amenable to new
types of processing, it is likely that its use will still be restricted to
cordage, ropes, twine, etc., for which many other fibres are also
highly suitable. It has found a large sphere of utility for cordage
and has also been woven into coarse canvas for hessian types of
fabrics, either alone or in association with other fibres such as hemp,
flax or cotton.

Properties.—Sisal is a relatively white fibre, having a pleasing
appearance. The uniformity of length, quality and appearance
with which it can be marketed makes it eminently suitable for the
production of binder twine, cords, and fine yarns up to 2 lea.

(1 lea yarn is one of which 900 ft. weigh 1 Ib.)
(2 lea yarn is one of which 1,800 ft. weigh 11b.)

The report of the Imperial Economic Committee on hemp fibres
(1932) calls attention to the fact that Sisal found a large outlet in
the manufacture of ‘* binder twine " for use with the “ self-binder ”
harvesting machine for grain crops. Wigglesworth has shown that
each acre of grain crop harvested would require a ball of Sisal twine
weighing 4 1b., and when one considers the enormous world acreage
under wheat this was a very great requirement. The Imperial
Economic Committee’s report, however, goes on to note that the self-
1'>'1nding machine is now being rapidly replaced by the combined

harvgster thresher ”’, which cuts and threshes the crop in one
operation as the machine is propelled round the field, so that no binder
twine is needed.
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In the Imperial Economic Committee’s report on the ‘“ Wheat
Situation in 1931 7, they call attention to the rapid increase in the
use of this combined machine and state that in Kansas the acreage
cut with self-binders is now negligible. In Western Canada *‘ combine
harvesting >’ is now the accepted method ; in Australia the combined
harvester thresher is now “ universally used ”’ ; in the Argentine over
one-third of the crop is thus harvested ; in Russia its use is spreading,
whilst the Ministry of Agriculture Bulletin (1929) considers that small
machines of this type have a great future in this country. Statistics
are quoted in support of the contention of the decline of the use of
Sisal binder twine, and the Imperial Economic Committee ‘‘ envisage
a narrowing market for binder twine and the absorption of the
supply of Sisal must depend upon its extended use for commercial
twines, ropes and other purposes ”’. In other words, new uses for
the commodity must be found, just as in harvesting the progress of
science has evolved a new machine rendering the more laborious
methods obsolete, so with Sisal, new uses founded on the requirements
of modern industry and present-day human demands must be found,
preferably outside the range of uses for which other fibres are perhaps
equally suited.

-, Mayine Cordage.—For marine cordage there has seemingly been
a general impression that Sisal ropes deteriorate more rapidly than
Manilla Hemp under the action of sea water ; that they swell rapidly
and lose buoyancy, and finally that they fail to recover their original
girth when subsequently dried. Investigations at the Imperial
Institute have been specially directed to the proof or otherwise
of these contentions. The Empire Marketing Board Publication
No. 10 records that the German Fleet was equipped with Sisal cordage
during the War. The Imperial Institute experiments are fully
recorded in their various Bulletins. Parallel tests were carried
out upon ropes made to standard specification from commercial
grades of Sisal and Manilla (i.e. first and second quality East African
Sisal and several grades of Manilla Hemp). The periods of immersion
in sea water under identical conditions were four, six, nine and
twelve months, and records of deterioration were taken at these
periods.

Tendering of Sisal Ropes by Marine Influences— " Wet tests”
consisted of exposure of the Sisal and Manilla ropes to tidal immersion
and subsequent inter-tidal draining so that each tide the rope was
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submerged for a period and uncovered for a period. ‘‘ Wet and Dry
tests '’ were conducted by removal of the ropes from the box in which
they were enclosed for immersion purposes, periodically, and placing
them in a dry situation (usually for two months) before re-immersion.
In both series of tests portions of the ropes were removed at intervals
of two or three months, washed in fresh water, and after drying,
were re-tested to ascertain the decrease in their tension strength.
The results showed that Sisal ropes do not differ widely from Manilla
ropes in their resistance to the tendering action of marine influences.

. The Sisal ropes appear to be slightly more quickly affected in the
initial stages of submergence, but on continued treatment, the
results indicate that Sisal is not inferior to Manilla in its powers of
resistance to sea-water, and under similar conditions the rate of
deterioration of Sisal and Manilla is approximately the same.

Changes 1n Girth after Immersion in Water and subsequent Drying

It has been stated as an objection that Sisal absorbs water more
rapidly than Manjlla, leading to swelling which prevents smooth
running of the ropes through the pulley blocks.

The Imperial Institute has also investigated this contention and
the results show that Sisal absorbs water at approximately twice
the rate of Manilla in its initial stages of immersion. Thereafter,
Manilla continues to absorb water at a greater rate than the Sisal,

-so that after a protracted period of immersion, the Manilla has
absorbed as much if not more water than the Sisal rope. The rate
of increase in girth is slightly more for the Sisal rope than for the
Manilla in the early stages, but the difference is not very marked,
so that after a period of two hours, the two kinds of rope showed
little difference. On drying the rate of shrinkage was approximately
the same for both Sisal and Manilla, and on the average of the whole
of the experiments, the results indicated that the Sisal rope more
nearly retrieved its original girth than the one made of Manilla.
Full tabular details are given in the Imperial Institute reports.

Admiralty Tests on Sisal Cordage

In Vol. XXXI, No. 1, 1933, of the Bulletin of the Imperial Institute,
a report of trials carried out by the Admiralty on cordage manufacture
from Manilla and Sisal hemp is recorded. = In order to submit the
question of the possible uses of Sisal for marine cordage to practical
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trial, the Admiralty manufactured about 50 tons of hawser-laid
cordage and issued it to the Royal Dockyards and to H.M. ships.
The behaviour of the ropes was carefully observed and duly recorded
and it will be seen that the results are regarded as sufficiently
promising to warrant the partial adoption of Sisal by the Royal
Navy. Arrangements are being made for 50 per cent. of the Service
requirements for towing hawsers and for heaving and hauling lines
to be made from Sisal, and for its entire adoption in the manufacture
of cordage for certain other purposes. In their Report, however,
the Admiralty call the attention of users to the main points which
are detrimental to its universal adoption.

The Report states :—

‘“ The following defects can, however, be definitely regarded as
peculiar. to marine cordage from Sisal.

1. Shrinksin length when wet and requires tending continually
in wet weather.

2. Swells when wet, although, except in two or three isolated
cases, it was insufficient to interfere with its working through
blocks.

3. Elongates considerably under load, particularly when wet,
and in some cases becomes definitely long jawed. Under some
conditions it tends to return to size after load is removed, but
generally the extension is more or less permanent.

4. Becomes greasy and slippery, is difficult to handle when
wet, and greater care is necessary when working it round a
cleat or bollard.

5. After prolonged use it tends to chafe and fray and becomes
discoloured.”

These defects are, however, not insurmountable and probably
when proper softening of the fibre is possible, such as e.g. the
Hayes-Gratze process, combined with an adequate method of water-
proofing such as, e.g. that now suggested by Wilkinson, there is no
reason why these defects should not be eliminated. It is purely a
matter for systematic scientific investigation and research.

Swelling of Sisal
One point, however, was brought out from this series of tests,
namely that Sisal rope when immersed in water appears to lose
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buoyancy and sinks more rapidly, due to its more rapid initial
swelling and water absorption. Here is an opportunity for research
to find a suitable cheap waterproofing medium which will not
affect the other characteristics of the fibre.

Impregnations with phenol resins, cellulose, rubber and other
materials have been tried, but it is possible that the search for
suitable waterproofing material and technique may prove difficult
since three factors have to be observed, namely, the material used
must be cheap and its method of application simple and not costly,
and the impregnating medium must not deteriorate any of the major
good qualities of the rope. One large rope-making firm has already
made considerable progress towards the solution of this problem
of the production of a non-swelling and waterproofed material, but
further research still remains to be done.

It is. true that waterproofing of other textiles is extensively
practised, but it is doubtful if any of the methods generally employed
could be utilised on the ground of expense, for after all what is being
attempted is to render the fibre more suitable for certain purposes
for which other materials are now being successfully used without
such treatment, and the question becomes one of economics.

In addition to the results put forward by the Imperial Institute,
it is of interest to record figures furnished by W. H. Wilkinson, for
the swelling, buoyancy and water absorption of parallel ropes of
Sisal and Manilla during short periods of immersion in fresh water.
- Tests were carried out upon the water absorbed by three inches
circumference Manilla and Sisal ropes, whilst immersed for short
periods in fresh water. These ropes were in the condition that they
would go into use, containing the oils, etc., added during spinning.
In order to remove the influence of the spinning oils, etc., tests have
also been made upon specimens, from which the oils have been
extracted. These tests give a true indication of the water absorbing
properties of the fibre without any extraneous disturbing influences.
The readings recorded were taken at half-hour intervals up to five
hours, and then once more after immersion for twenty-four hours.
All the samples were two inches long, whipped at the ends but not
sealed in any way. A duplicate series of each test was made. The
table on page 42 gives the actual results.
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Water absorbed by 3 in. circumference Manilla and Sisal Ropes during

Short Peyiods of Immersion in Fresh Water. (Wilkinson.)
Water absorbed as percentage of original weight.

Time of . . . . .
Immersion Sisal. | Manilla. Mﬁril;ltlla. Manilla, Miagga.
in Hours. | goa. oil High | Grade | Low | Grade

Extracted.] Grade. Oil Grade. Oil
Extracted. Extracted.

3 .. 33-05 48-33 6:45 17-70 5-84 8-99
1 .. 36-00 48-57 8:59 22-22 7-87 11-51
1% .. 36-98 48-66 9-55 24-65 9-23 13-27
2 .. 37-66 48-92 10-49 26-57 10-16 14-53
23 .. 38-02 49-34 11-16 28-15 10-82 15-53
3 - 38-18 49-37 11-84 29-20 11-54 16-70
33 .. 38-41 49-42 12-44 30-48 12-02 17-22
4 .. 38-55 49-43 13-19 31-27 12-73 18:01
43 .. 38:86 | 49:45 13-78 32-25 13-50 18-61
S .. 39-32 49-46 14-24 33:54 14-07 19-59

24 41-66 52-03 18-43 42-67 22-43 29-77
Time vequived for Sample to Sink
i Sisal. Manilla, Manilla. Manilla, Manilla.
Sisal. oil High Grade. Low Grade.
Extracted High Grade. 0Oil Low Grade. Oil
Xtracted. Extracted. Extracted.
12} mins. 3} mins, 1} hrs. 1} hrs. 2% hrs. |2hrs.35 mins..
Percentage Increase in Circumference due to Swelling in 24 hours
) Sisal. Manilla. Manilla. Manilla, Manilla.
Sisal. oil High Grade. Low Grade.
Extracted High Grade. 0Oil Low Grade. 0il
Xlracted. Extracted. Extracted.
577 7-69 4-08 5-10 4-00 6-12
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The tests rather seem to indicate that Manilla ropes absorb
approximately the same amount of water but at a slower rate. In
other words, the total amount of water ultimately absorbed by
Manilla is approximately similar to that which Sisal will absorb,
but the absorption curve of the latter is much steeper. The natural
consequence is obvious, namely since ropes are usually only immersed
in water for short periods, the practical performance of the two
fibres is rather marked. In the application of various manufacturing
treatments to Sisal and Manilla, Wilkinson records that the steep
absorption curve of the former renders it somewhat more responsive
than Manilla, a factor of significance in rendering it waterproof as
also in finding new uses for it.

Specially Prepared (Walerproofed) Sisal Rope
Water absorbed as percentage of original weight
(One series of tests only n each case)

Time of Treatment Treatment Treatment Treatment
Immersion No. L. No. 2. No. 3. No. 4.
in Hours Colour Colour Colour Colgur
. Green. Green, White, White,
3 1:20 1:25 2-20 3-47
1 2:00 2:35 3-17 7-02
13 2-04 3-01 4-00 8-13
2 2-34 3-28 472 9-67
23 2-75 3-67 5-25 11:95
3 3:46 4-22 5-81 12-92
3} 3:54 4-43 6-27 14-61
4 3:56 4-73 6-71 15-67
4} 3-85 4-93 7-15 17-35
S .e .e 4-18 5-33 7-56 18-68
24 . .. 6-85 9-69 14-58 29-35
Time required for | Not sunk in 5 brs 24 hrs 4} hrs.
sample to sink. 24 hrs.
Percentage increase Nil, Nil 3-92 6-00
in circumference
due to swelling
in 24 hours.

. W. H. Wilkinson reports that he has conducted experiments
In connection with Messrs. British Ropes, Ltd., on the preparation
of a waterproofed Sisal rope. The foregoing table gives the results
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of tests carried out by him on this material, from which it is seen
that the results indicate not only a considerable decrease in water
absorption properties, but also an increase in buoyancy without
corresponding increase in girth or bulk. He further reports that
trials on- ropes of this character, under actual service conditions,
have shown such treatment to be satisfactory and lasting.

Swelling of Sisal in Cuprammonium Solution
A description of the peculiar swellings given when Sisal fibre
elements are treated with copper oxide/fammonia solution, is given
by Ludtke (Faserforschung 10, 1932, Pt. 1). The appearance of the
fibre is like a row of pearls. The primary membrane sheath and the
inner membrane sheaths are left unaffected and can be observed.
The striations are also visible. The investigation showed conclusively
with Sisal and other fibres that the primary membrane had a separate
existence from the middle lamella, a matter that had always been in
some doubt.
Softening of Sisal
It has long been suggested that if Sisal could be satisfactorily
softened there would open out for it a variety of new uses along paths
which are at present closed on account of its hardness. A number of
processes with this object in view have been proposed and may
roughly be divided into three classes :
(1) Chemical processes.
(2) Impregnation processes.
_(3) Mechanical processes. These are applied by splitting the
fibre first into strands by special combing machinery and are
to-day most important as being in actual use.

Chemiical Processes

Having regard to the structure of fibre, which depends for its
strength upon the adhesion of groups of very short elementary fibres,
which seemingly overlap each other, it is difficult to realise how any
of the chemical processes yet suggested, can be effective without
materially decreasing the tensile strength of the fibre. On the other
hand, uses might be found for softened fibre where decreased strength
might not be detrimental, but in textiles this is difficult to visualise.

Many of the chemical processes described have aimed at the elimina-
tion of decorticating machinery altogether, with the substitution
of a type ¢f retting, in the endeavour to achieve simultaneously
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the separation of the fibre from the flesh of the leaf and also
to accomplish a degree of softening. In most of these processes the
leaves are retted and then heated, sometimes under pressure, with
dilute solutions of alkalis or weak acids. The efficiency of decorti-
cating machinery has been so increased that it is difficult to realise
how any process which involves chemical treatment of a large weight
of leaf to produce a comparatively small weight (about 3 per cent.) of
fibre can be economic unless the cost of the chemicals is very low and
the process exceedingly simple, as e.g. merely steeping in open tanks.
On the other hand this possibility must not be lightly dismissed for it
may be that a chemical method of treatment can be found which
leaves the 97 per cent. of megasse in such a condition as to be of
economic value, as forming a raw material for a new use in modern
industry. Secondly, it must also be remembered that the fibre might
also be rendered into such a condition that it would demand a
higher price on the market.

Research on this point is well worth while, but the problem must
be considered not merely as one of Sisal extraction alone, but the
utilisation of the leaf as a whole. Of recent processes of this character
that of Richter and Schmidt, which has been so widely discussed in
Germany may be briefly reviewed. It is set out in German Patents
(D.R.P.) 29a. No. 461,453 and No. 490,293, but a full description of
‘gle eiltif; process is given by Richter, in Faserforschung Vol. 9,

art 1, 1931.

The Richter and Schmidt softening process

The object of the process is initially to loosen the fibres and then
to bring splitting about deliberately, in order that raw material may
be furnished for the spinning of finer yarns. The fibres are loosened
and softened by treatment in chemical baths and are then combed
whilst still wet.

It is suggested that the loosening and softening can be accomplished
by immersion in the following baths :—

(1) A soaking bath of hot or cold water.

(2) A retting bath as with flax at ordinary temperature.

(3) A soap bath with or without the addition of oil, e.g. 1-5
per cent. soap or 1 per cent. soap and either castor or cotton-
seed oil.

(4) An alkaline bath of either soda or potash or 1 per cent.
ammonia.

45



(5) An acid bath consisting of 0-1 per cent. sulphuric, hydro-
chloric or nitric acid, followed by complete washing.

(6) A salt and acid bath consisting of 0-1 per cent. potassium
permanganate and hydrochloric acid, or alternatively of potassium
chlorate and nitric acid, followed by complete washing out.

Whilst still wet the fibre is combed and submitted to high pressure
between rollers after drying. The claims made for the ensuing
product are that it is light in colour, highly flexible and capable of
being spun to a metric count of twelve. Richter explains the increased
flexibility by suggesting that the process removes the ground tissue
cells rich in starch with which the fibres are associated. He points
out that the elementary fibres obtained by this method give a weak
lignin reaction with phloroglucin HCI, which indicates, according to
his claim, that a degree of delignification has been accomplished.
Figures are not quoted for yield of fibre, tensile strength or behaviour
in spinning and other manipulation into finished yarn. A large
number of other patents are available claiming to accomplish similar
results, but it is significant that they have not yet become an accom-
plished commercial proposition. A list of such patents is appended
at the end of this treatise.

Impregnation Processes

Impregnation materials fall under various headings, and modern
science has placed and is still placing before us a plethora of new
products for this purpose. It is essential therefore, that each and
every one of them be examined in connection with the problem
before us. The recent announcement of the production of a creaseless
cotton by precipitation of a synthetic formaldehyde urea condensation
product inside the fibre under standard conditions, encourages one
to ask if such resins or other resins such as the phenol group obtained
from low temperature carbonisation experiments cannot be utilised,
not only for softening but also for waterproofing of Sisal, and if so
what would be the method and technique employed.

In the realm of finer textiles such as wool, cotton, silk and linen,
the introduction of wetting-out agents has greatly facilitated wet
processing such as dyeing, milling, scouring, etc. A main group of
these products consists of sulphonated oils, and again one is tempted
to ask if softening cannot be achieved by impregnation of the Sisal
fibre with such materials. Modern science is presenting us with a
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wide range of such products as are mentioned above and systematic
research should be conducted upon their use in order to assess their
value for the purposes in view, regarding not only Sisal but bard
fibres in general. We will, therefore, review the present situation
with regard to this matter.

Resin Impregnation

At the present time any discussion of resin impregnation can only
be suggestive since there is at present so little work done upon the
subject as regards Sisal that definite facts are few. Attempts to use
synthetic phenol resins for waterproofing proved insufficient. Possibly
the reason lay in the method of application as also the type of resin
used. Inthe manufacture of creaseless cotton the process is essentially
one where the resin must not be without the individual fibres, as in
the case of sizing, since a sizing effect would tend to make the material
stiff. The synthetic resin must therefore penetrate into the pores of
the fibre if elasticity and softness is to be attained. This is accom-
plished in two ways, either by applying the resin in the form of solution
or, better still, actually forming it within the fibre itself. A wide range
of synthetic resins may be made by condensing formaldehyde with
various organic substances, such as phenol, glycerine, urea, etc.,
mainly, although not necessarily, those containing hydroxyl groups.
Such resins are generally produced by heating together the formalde-
hyde and the other component in the presence of a suitable catalyst
until a water-insoluble resinous product is obtained. The reaction
takes place in stages, in the earlier stage of which the product may be
water-soluble, hence if the resin is to be applied, rather than formed
within the fibre, its first stage must be carried out in so far as it re-
mains soluble, and the final stages must render it into the insoluble
form. The British patent for rendering cotton creaselessis the property
of Messrs. Tootal, Broadhurst, Lee & Co., Ltd., and details are em-
bodied in E.P. No. 291,473, E.P. No. 291, 474 and E.P. No. 304,900.
Typical examples are quoted in the specifications of procedure for
formation of a resin, as also application of a preformed resin, within
the fibre.

Generally it should be noted that the substances used in the for-
mation of a synthetic resin within the fibre are inexpensive, hence the
process should be reasonably cheap. The point at issue for the present
work is that all cellulosic fibres are capable of being given an un-
crushable finish, and the method can be successfully applied to linen,”
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jute, hemp and Sisal, etc. Here, therefore, isa method of exploitation
of Sisal which is well worth following, and upon which research would
undoubtedly be worth while.

Reinforcement of Plastics

In this connection, however, one would mention a new use for Sisal,
particularly the short fibres, which has recently been developed.
Short Sisal fibre is mixed with a thermo-hardening resin, dried,
ground and then moulded by heat and pressure Fibres of length from
one-eighth of an inch to half an inch in length are suitable. A typical
example is quoted in the specification for E.P, No. 377,979, taken out
by Messrs. Imperial Chemical Industries, Ltd. Seven hundred parts
of phenol formaldehyde resole, 600 parts of chopped Sisal, 227 parts
of hexamine solution, 53 parts of methylated spirits, 24 parts of
aluminium stearate and 28 parts of nigrosine are mixed, dried at
60° C.and ground. The mixture is moulded at 340° C. for 4 minutes at
2,000 Ib. per sq. in. pressure. Manilla may also be treated similarly.
This yields a plastic composition suitable for moulding into a variety
of useful articles.

Preparation of Moulded Cdmﬁosz’tions Jor Domestic and other Utilisation

The Bakelite corporation has recently taken out a patent for this
type of material which covers the preparation of a mouldable com-
position suitable for the pressing of large articles, and which comprises
loose fibrous material containing fibres of sufficient length to overlap
in the composition and also of sufficient stiffness in relation to the
length and nature of the fibre to prevent knotting and tangling during
the process of mixing, together with a resinic binding agent such as
e.g. a phenolic resinoid, i.e. a synthetic phenol resin. It has been
found that soft fibres such as cotton, unless ground up very finely
are unsuitable as they tangle during the process of mixing so that the
resultant mix is not homogeneous. Sisal is particularly applicable.
The limit of stiffness required is defined by the fact that when the
fibre is stirred in a solution it will not form a loop small enough to
grip and entangle another fibre. Fibres cut to lengths of one to one-
and-a-half inches are mixed with the resinous material of suitable
viscosity, and the solvent evaporated off. The article required is
then moulded under a pressure of 1,000 to 3,000 Ib. at a temperature
of 150° t0 175° C. The mix is then left in the press for 15 to 25 minutes
to produce the requisite polymerisation. An admixture of 50 per cent.
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of Sisal fibre may be used and yields a material which moulds well and
produces an article with a good smooth surface, the individual fibres
remaining separated. The resistance to shock of the finished article
is remarkably good, being ten times that of the ordinary wood flour
article. For further details, E.P. No. 353,070 may be consulted.

Such an achievement is indicative of the trend of modern scientific
research in relation to raw materials like Sisal. Here is a new use
which could not have been previously known since the plastic com-
positions from the synthetic resins are only just in the initial stages
of commercial development, and will undoubtedly go further. Then
again, the uses of Sisal for plastic compositions and mouldings for
cement and plaster may be developed, if it can be obtained in suitable
form and price.

In a private report Messrs. Bakelite, Ltd., stated that the excellent
outstanding shock-resisting properties of moulding materials con-
taining Sisal as filler are somewhat minimised by one or two points
which have not yet been entirely overcome. Moulding materials
containing Sisal as filler have high powers of water absorption and
when used under very high humidity conditions, the surface of the
material may become somewhat roughened or pitted. Further, the
appearance of the moulded article is such when finished, that the
coarse appearance of the Sisal ordinarily supplied, cannot be
completely masked, and the characteristic shape of the fibre is often
discernible.

These difficulties are at the moment standing in the way of the
fuller use of the Sisal fibre with its outstanding shock-resisting
properties when mixed in such plastics. It is suggested, however,
that the waterproofing method of Wilkinson combined with the
ionised oil softening treatment of Hayes-Gratze would possibly solve
this difficulty and experiments are being conducted to see how far
this can be accomplished.

It is obvious, therefore, that in research work on new uses for
Sisal, the question of adequate waterproofing and proper softening
are the paramount factors for initial investigation.

Impregnation by Oils, etc.

The fact that in France a factory is now actively engaged in
spinning and weaving Sisal fibre softened by treatment with a
naphthalene sulphonic acid, is sufficient encouragement to discuss
the aspects of this type of softening at some length.
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The Thuan Method for Softening Sisal

The French process for degumming and softening Sisal and other
fibres has been patented by Thuan. (E.P. 354,879.) It is claimed
that the action of solutions of simple non-substituted naphthalene
sulphonic acids degums and softens vegetable fibres.

The crude fibres after a preliminary soaking are subjected to the
action of a bath of the naphthalene sulphonic acid and common
salt in equal parts, the strength of the bath being 4° Baumé. After
12 hours treatment in the cold, the fibres are washed in running water
and neutralised with a weak soap solution containing a little soda
ash. The process may be carried out at 60° C. when the strength of
the bath may be reduced to one degree Baumé. It is claimed that
this process removes pectins and other gums from the fibres,
rendering them more supple. This process is actually being worked
commercially.

In this country, research on this point has been directed upon the
use of ionised sulphonated oils rather than the ordinary type.

Use of Ionised Oils

- Some years ago the question arose as to the effect of passing a high
tension electrical discharge through oils in order to render them suit-
able for medical purposes, with the result that a process was discovered,
which is now patented, whereby specially prepared and sulphonated
oils were electrically rendered water-miscible, free from oxidation,
and bactericidal to a large extent. Their detergent and bleaching
characteristics were readily developed, for use in the wool industries,
as a fibre lubricant, etc., wherein they produce a bleaching effect and
the oil utilised is easily removed by immersion and digestion for a
short time in warm water. These oils have more recently been tried
as batching oils and as softening agencies for fibres of vegetable
origin. Two aspects of the problem are presented, namely :—

(1) Extraction of the fibre from the leaf and simultaneous

softening. ‘

(2) Softening fibres decorticated by the ordinary method.

Whilst in the latter case direct evidence has accrued as to the
efficacy of the method, in the former case only small experiments have
been performed and the process awaits further study and development.
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Nevertheless, it is a subject of a patent specification which has been
granted E. V. Hayes-Gratze. The two points will be dealt with
briefly as below :—

(1) Extraction of the Fibre and Softening at the same time.—
With the ionised oil process the leaves are first treated in a
machine or crusher which removes or breaks open the tough
outer skin. The leaves are then immersed in a solution of ionised
oil (if necessary also ozonised) at a temperature under the
boiling point, for a period of from one to two hours according
to the amount of softening or splitting-up desired. During this
process the leaves are passed in the solution under light rollers
which exclude the bulk of the fleshy matter and pulp, without
injuring the fibres or causing undue loss of the finer filaments.
After another immersion, the remaining fleshy matter is easily
removed, and the fibre may be dried. Many claims are made
for the efficiency and advantages of the process which on a small
scale have been largely justified, but bulk tests still remain to
be accomplished. Steps towards this end are being taken. The
fibre, as obtained by this method on the small scale, is white and
soft, and apparently there is little or no adhesion of groups of
two or three together. Bleaching in any form is unnecessary
as the fibre is perfectly white, any colouring matter present
being bleached by the action of the oil.

If the fibre is passed through yet another bath of ionised oil
and water solution, the fibres may be still further acted upon so
that additional splitting and softening occur to such an extent
as to render them capable of weaving and spinning into finer
fabrics and yarns. The claim is made that the tensile strength
is not materially affected. The development of the -process
should be carefully watched.

(2) Softening Decorticated Fibres.—Most plantationsarealready
equipped with up-to-date decorticating machinery and in many
cases it would be impossible to instal fresh plant or methods,
even if such were desirable, for economic reasons. The fibre
ordinarily obtained can be subjected to a softening process with
ionised oil. The apparatus necessary for this operation is simple
and embodies a long tank containing oil solution through which
hanks or layers of extracted fibre are continually passing, and
wherein they are subjected to mechanical treatment which
ensures the action of alternate compressions and absorptions.
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The colour of the fibre is improved and the fibre softened.
Briefly, the effect is realised by first passing the fibres through a
rolling machine, immersing them in a solution of ionised oil in
water for the period and at the temperature requisite for the
degree of softening desired, rolling or squeezing once more to
exclude the excess oil, and then drying and brushing, etc., as in
the ordinary process. This process has been tried on a semi-bulk
basis with considerable success and further bulk trials are now
in progress.

From the foregoing discussion it is evident that if Sisal can be
softened then it will probably be accomplished along the lines
indicated, namely by taking advantage of its natural absorbent
properties, and impregnating the fibre either with resin specially
treated with oil or some other material. To assure the future of

_ the producing industry, research in these directions, in the light of
the recent discoveries of modern science, is an absolute essential.

Other Uses of Stsal

In the countries of origin the fibre naturally is made to serve a
variety of domestic uses, and some of these are of interest, even though
they absorb only small quantities. In Mexico the fibre is used for
the manufacture of coarse canvas, sacks, mats, hats, harness,
hammocks, blinds and brushes. In the United States it is used in
conjunction with cotton for the manufacture of coarse canvas, for
sacks and for binding twine. In the West Indies a coarse cloth is
made from it, which is subsequently steeped in warm water for
24 hours and then left for some time in cold water in order to soften
it. In Columbia, a local industry of sack manufacture has grown
up amongst the native population. During the war in 1918, it is
recorded that the town of Bucaramanga exported over one million
sacks and another place exported over two hundred thousand, which
meant in actual weight a consumption of 1,200 tons of fibre. In
Madagascar the use of Sisal for the manufacture of hats has been of
common occurrence for some time.

In Europe, and also in Japan, Sisal has been largely used for the
manufacture of braids used in the manufacture of ladies’ hats.
In Europe these fine braids are knitted by machine. Small factories
for this purpose have sprung up in Japan due to the encouragement
and activities of the Home Industrial Association of Japan, and the
braids so made are shipped to all parts of the world. Tobler records
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the use of Sisal for the manufacture of shoe tops, whilst use of it has
been made in Europe for the backing of artificial leather made from
cellulose spread materials. The fibre has also been used for rubber
reinforcement as also for a backing for rubber proofed fabrics and
artificial leather from rubber.

A recent patent application in this country describes a method
for the manufacture of hat braids and the like, by passing the unwoven
strands of Sisal fibre through a solution which cements them together
to form a flat strip or straw plait, which can easily be handled by
existing machine for hat manufacture, whilst retaining considerable
fibre length and lustre. The commercial development of this patent
yet remains to be done.

The well-known swelling properties of Sisal have already been
discussed, but it has been found that they can be utilised in another
direction. It has been found possible not only to swell the fibre but
also to enlarge it permanently by impregnation with suitable
materials, such as ionised oil. The fibres are rendered soft and
flexible by the process and when prepared in this manner, they lose
much of their turgoid property and do not swell greatly to a further
extent when subsequently immersed in water. The impregnation
is accomplished by an oscillatory compression and rarefaction action.
Tests recently performed upon cables and fibres of ‘‘ expanded "
and ordinary Sisal of the same type and size, as regards strength,
showed that the mean tensile strength of 100 individual fibres taken
at random from the cable after unravelling, was 15 per cent. greater
in the case of the treated fibre than the normal. It is suggested that
such “ expanded *’ or swollen fibre might be waterproofed and thus
prove of considerable help in improving its buoyancy. Thisisa matter
for further investigation, but the process is the subject of patent
application, and its commercial value and possibility has yet to be
demonstrated, for, as already stated, each time the material is
handled additional costs accrue, and it may be that although successful
as a process, the advantages gained would prove insufficient to
warrant the higher costs ensuing from the extra manipulation.
Sisal has been successfully used for paper manufacture, for insulation,
both thermal and electrical, and a number of other purposes where
special characteristics are called for, but in most suggested uses where
mere replacement of an already suitable material is contemplated,
one has to consider the economic aspect in relation to the properties
of the competitive materials.
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Such uses as are outlined above create only a small demand at
most, and therefore it behoves everybody interested to promote
investigations and to study the requirements of our newer industries
.to see where Sisal can find a place in their organisation, processing
or products. Such developments can only ensue when the fullest
knowledge of the characteristics of the fibre is attained, for the
natural corollary to such acquisition is to know how Sisal would
respond to certain required conditions and treatments, as also to be
able to prescribe with a degree of certainty how to render it into any
required form as desired by modern industry and everyday life.

The Utilisation of Sisal Waste

1. Paper Pulp Production.—Three sources of waste products may
be considered from the point of view of paper manufacture :—

(@) The waste products of decortication.
(b) The stems of the plants.
(¢) The poles or flowering stems.

The disposal of the decortication waste or megass is of considerable
importance to the Sisal grower since for every 3 or 4 tons of fibre
produced, there are 97 or 96 tons respectively of the waste products
for disposal. The yield of fibrous waste is about 0-5 per cent. on the
weight of the leaves and when separated this can be used for the
preparation of paper pulp. It isnecessary to clean the fibre somewhat
before treatment in order to remove extraneous impurities and so
prevent the cccurrence of impurities, which exhibit themselves as
black spots and are difficult to bleach.

From a French source, figures are quoted for costs of production.
Michotte quotes the result of investigations which would indicate
that the residues from 100,000 leaves (approximately 120,000 kilos.)
when treated with 1 ton of caustic soda and 250 kg. of bleaching
powder, would yield 1,220 kg. of pulp which was valued at 25 to 30
francs per 100 kg. These figures are set forth to support an argument
that the preparation of paper pulp from the residues is not an economic
proposition.

2. Preparation of Pulp from Fibrous Waste—The preparation of
pulp from the fibrous waste has been investigated by the Imperial
Institute, London, upon Sisal waste composed of rather coarse,
tangled, pale brownish yellow fibre, varying from 6-30 in. in length.
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The material was dusty and contained much adherent epidermal
matter and shrivelled cellular tissue. Four trials were made in the
last one of which the material received preliminary mechanical
treatment to cleanse it somewhat of the deleterious matter. The
following table, taken from the Imperial Institute Bulletin, Vol. 28,
No. 4, 1930, summarises the results :—

Trial | Trial | Tri Trial
A. B. C. D.

Parts of caustic soda per 100 parts of fibrous | 20 20 20 20
waste.

Parts of caustic soda per 100 parts of solution 3 3 4 3
Time of digestion in hours . .. 4 4 5 4
Temperature of digestion °C. .. .. .. | 150 150 160 160
Caustic soda consumed per 100 parts of waste | 11-4 12-0 12-4 9-8
Yield of dry pulp on dry weight:—
Unbleached .. .. .. .o | 48% 47%, 449, 539,
Bleached .. .. . .. .| 46Y% 469, 429, 509,

Trial A yielded pulp which did not bleach well, as the digestion
was incompléte. Trial B gave pulp similar to A, but better dis-
integrated, whilst trial C furnished a pulp which was superior to
A or B in bleaching properties. Trial D, however, was performed
upon fibre which had been mechanically treated to eliminate the
presence of adhering epidermal matter and tissue, and the result
gave a satisfactory pulp which was bleachable. A yield of 50 per cent.
of bleached pulp was obtained, equivalent to 35 per cent. on the
original untreated material. The conclusions arrived at state that
‘“ good yields of strong, long-fibred paper pulp can be obtained from
this Sisal waste, under relatively economical conditions of treatment,
but some difficulty would be caused by the cellular and other
extraneous matter present if the waste were employed in its original
condition.” This, however, can be mechanically removed, but, of
course, this entails additional expense.

Nevertheless, machines have been constructed for cleaning the
fibre, and if this was done at the source, the proposition would
possibly be economic.
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A further investigation of the suitability of fibrous Sisal waste for
paper pulp manufacture, is reported by Lorentz in ‘‘ Der
Tropenpflanzer ’ (31, 1928, p. 428, ef seg.). In his experiments he
used more caustic soda than the Imperial Institute experiments.
"The waste used contained 20-16 per cent. of moisture, and when
treated with 8 volumes of 8 per cent. caustic soda for 3 hours of
8 atmospheres pressure, he obtained a yield of 35-6 per cent. on the
air dried waste and 44-6 per cent. upon the dry weight. The pulp
is described as bleachable, but tender. He repeated the experiment
with a sulphate lye equivalent to 61 gms. of alkali per litre. After
treatment for 3 hours under a pressure between 2 and 3 atmospheres,
he obtained a yield of 52-11 per cent. on the dry matter. He records
that the pulp had not good cohesion or strength even when prepared
by the latter gentle treatment.

3. Utilisation of Sisal Stems.—Lorentz also investigated the possi-
bility of the preparation of pulp from the stems. He divided the
material into two classes, namely : (1) the Stipules, which gave a
yield of pulp of very poor quality and quantity, being only 4:5 per
cent., i.e. 14 per cent. on the dry matter, and (2) the inner woody
part, which also gave a very poor pulp and a yield of only 9 per cent.,
1.e. 20-9 per cent. upon the dry weight.

' 4. The Poles or Flowering Stems as Source of Paper Pulp.—Under
the same conditions of treatment as are described above, Lorentz
obtained a pulp which was of better quality than that from other
materials, also an enhanced yield of 41 per cent., being 51 per cent.
on the dry matter. His conclusions indicate that from his point of
view the flowering stems yield the best and most economic material.
- Assuming, however, that the manufacture of pulp from this material
would be an economic proposition, he points out that the largest
plantation could only yield sufficient raw material to enable the
smallest unit for efficient paper manufacture to function at one-third
of its capacity. Transport, on the other hand, is economically out
of the question where such raw materials are concerned. Taking
into view other sources of paper pulp manufacture, the question
seems to be one requiring very careful deliberation. The results
of Lorentz have been corroborated elsewhere, and his conclusions
have in general been accepted. The materials described might be
successfully worked if they could be sufficiently concentrated in
quantity at any one place, but the nature of Sisal cultivation hardly
permits this to be possible economically.
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Imperial Institute Investigations

Investigations regarding the suitability of Sisal boles and poles
from Kenya Colony have also been carried out at the Imperial
Institute (Bull. Imp. Inst. 27, 3, 1929). The results of their experi-
ments show that the boles, leaf bases and poles all furnish good
yields of unbleached pulp.

The pulps from the boles and leaf-bases, however, were of unsatis-
factory quality, being composed principally of short, broad fibres
which, when wet, possessed little strength or felting power. The
paper produced in these cases showed considerable shrinkage; it
was hard, coarse and rattly, and contained numerous dark-coloured
specks. There was, moreover, a very appreciable loss in the bleaching
experiments, whilst neither the pulp from the boles nor that from the
leaf-bases would bleach satisfactorily, and specks still persisted to a
large extent in the papers. In addition, the materials contain pithy
matter which adversely affects the quality of the pulp, causing
shrinkage on drying. The removal of part of it in the case of the
boles by mechanical means did not materially improve the quality,
showing that the fibres of the materials do not possess satisfactory
felting power.

On the other hand, the poles furnished an excellent yield of pulp,
which, when prepared under the conditions of Trial B, bleached
fairly readily. The paper was, moreover, very different in character
from those produced from the boles and leaf-bases, being of much
superior quality ; it showed no appreciable shrinkage on drying,
was fairly hard and strong, and the bleached paper, though not very
opaque, was of fairly good quality, and free from specks.

From the results of this investigation, it would thus appear that
the pole is the only portion of the Sisal plant represented by the present
samples, which would be of interest for paper-making. Pulp prepared
from the poles could be employed in the manufacture of brown
wrapping paper, or after bleaching (which is fairly readily accom-
plished), for the production of strong white paper of fairly good
quality. The yield of pulp was also quite satisfactory.

The Fermentation of Sisal Waste for the Production of Alcohol

The juice of certain plants of the Agave species is fairly rich in
sugar. In Mexico it is fermented to yield a native wine known as
‘ pulque,” which, on distillation, yields a liquor of high alcoholic
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content known as “ mezcal”’. In general, however, the juice of the
plants which yield the most fibre contains the least fermentable
sugars. The problem of the utilisation of the decortication waste
from Sisal extraction has led to a great deal of interest as regards the
possibility of production of industrial alcoho] therefrom, for utilisation
as motor fuel, etc., which would be an economic by-product. The
possibility of fuel production from the waste was investigated from
two aspects, namely, the fermentation of the sugars in the leaf and
stem juice to produce alcohol, and the fermentation of the products
of hydrolysis of the hemicelluloses (pentoses) by bacteria to produce
mixtures of alcohol and acetone. An analysis of Sisal waste, due to
M. d’Herelle, quoted by Michotte, is of interest and importance in
this connection :—

Composition of Agave Leaves. Amalysts, due to d’Herelle
1,000 leaves, when treated, yielded the following quantities by
weight :—
Fibres, 32 kg.

L ke.{ Fibrous waste, 3-5 kg.
caves, 611 kg [ Juice, 432 litres.

Residues, 546 kg'{Residues, 96 kg. (50 per
cent. water).

The composition of the waste was given per 1,000 as :—

Fibres, 34 or 23 per cent.
Soluble matter,
- Dry matter, 168 93 or 69-4 per

Residues, 134 or 79 per cent. In(s:gﬁl')l ¢ matter,

41 or 305 per
cent.

d’Herelle further gives analyses of the soluble and insoluble matters
as:—

Composttion of Soluble Matters. Per cent.
Mineral matter .. . . .. 5:53: 593
Nitrogenous matter .. . .. 1.87: 2:01
Reducing sugars. . el .. 19:30:20-75
Non-reducing sugars .. . .. 38-41:41-31
Carbohydrates .. .. . .. 27-83:29-92
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Composition of Insoluble Matters Per cent.

Mineral matter .. .. .. .. 394: 9-61
Nitrogenous matter .. . .. 1-47: 3-58
Cellulose .. .. . .. .. 20-21:49-30
Wax . . .. - .. 0-27: 0-66
Vasculose (ligneous) .. .. .. 15-11:36-85

Similar figures are also quoted by Baud in the Comptes Rendus,
1926. * All figures given for the saccharine content of the leaf juice
show considerable variation, according to the season of the year.
During the dry season the juices become much more concentrated.
A further variation is exhibited, according to the district in which
the plant is grown, thus, in British East Africa, Michotte gives the
sugar content as 3 per cent., whilst Fouque gives the value for
French Sudan as 8-1 per cent. (after inversion). Bruno and Sorges
(L’Agricultura Coloniale, May, 1923) give a figure of 2:27 per cent.
for the fermentable sugars in the ‘juice of Agave plants grown in
East Africa. They state that they obtained a yield of alcohol on
fermentation of 167 litres of absolute alcohol from 20,000 litres of
juice, which they estimate is the product of 1 hectare. They contrast
this with the yield of 321 litres from 1 hectare of sugar beet containing
16 per cent. of sugar.

The Fermentation of the Juice

The freshly expressed juice rapidly undergoes acid fermentation
and an early sterilisation is essential if the sugars are to be preserved
for alcoholic fermentation. Michotte quotes the following figures,
due to d’Herelle, to illustrate this fact :—

Quantity of sugar in :— Waste.  Juice.
After 1 hour .. . . .. 670 6-84

w 3 . . .. .. 665 6-77

w 5, - .. .. .. 651 661

w 1 .. .. .. .. 615 625

s 9 ., .. .. .. .. 520 5-21

» 10, . - .. .. 450 4-