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INTRODUCTORY NOTE.

The present Report is divided into three parts. Parts 1
and IT consist of detajled statements of the present position
and needs of the dairy and eattle industries, Although my
terms of reference were largely concerned with questious
relating to the future development of research and educa-
tion, ] found in practice that these cauwld not be answered
until the whole field of dairying and of eattle breeding and
management had been surveyed. This has, however, given
me an opportunity of referring to & number of special
problems which require investigation, and of indicating the
lines alang which future developments might be planned.
The more general reecommendations of the Report have for
convenience been grouped together in Part 1II. Since tle
dissemination of scientifie and teehnieal information falls
within my terms of reference, I have made a number of recom-
mendations in connexion with the provincial advisory services,
the subjeets dealt with including such questions as the controk
of cattle improvement and the co-ordination of the work of
the eentral and the previncial governments.

Throughont my survey I have been given ample oppor-
tunity of investigating the various subjeets which fall within
my terms of reference. I desire to express my indebtedness
to all those whe facilitated my work by their willing co-opera-
tion and their generons hospitality during my tour. In parti-
eular I should mention the various Directors of Agrienlture
and Veterinary Services and the Provincial Live Stack
Experts, who were responsible for local arrangements and
who were at all times most willing to give me the benefit of
their knowledge and experience. The general arrangements
for my visit were made by the Imperial Couneil of Agricul-
tural Research. I gratefully acknowledge the assistance
given to me by Sir Bryce Burt, the Vice-Chairman, by Sirv
‘Arthur Olver, the Animal Husbandry Expert, and by other
officials of the Council. I am also indebted to Mr. Z. R.
Kothavalla, Imperial Dairy Expert, who accompanied me on
a part of my tour and who was able to give me much useful
information regarding the present state of the Tndian dairy
industry. My thanks are also duc tc Mr, A, M, Livingstone,
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Agricultural Marketing Adviser to the Government of India,
who very kindly placed the recordg of his Department at my
disposal. In this connexion I should refer particularly to
the services rendered by Mr. D. N. Khurody, who has been
in charge of the recent milk marketing surveys and who was
able to provide me with most valuable information on this
‘gubject. Finally I desire to place on record my great in-
debtedness to Mr, A, C. Aggarwala, who acted as my Secre-
tary-Adviser. Mr., Aggarwala was personally responsible
for the arrangements connected with my tour and it is largely
due to his help and guidance throughout my visit that T have
been able to obtain such a close insight into the problems of
the cattle and dairy industries. '

NORMAN C. WRIGHT.

28th July, 1937,



PART I

THE PRODUCTION, COLLECTION, PROCESSING AND
DISTRIBUTION OF LIQUID MILK AND THE
MANUFACTURE OF MILK PRODUCTS.




" OHAPTER I—The need for an increased consamption of milk,

The total output of milk in India is exceptionally large. 'Oue
guthority has placed the annual production at over 1,000 mx_lllo_u
- maunds(l). A more recent survey(2)_1ndi-
a zd“" s milk PIO- ,otes that this is likely to be an over-estimate,
neLiot. and that the fizure lies nearer 700 million
maunds. The latter figure would, however, represent the hand-
milked yield, and would need to be increased by at least 15 per eent.
(say, to 800 million maunds), to give the gross output of milk. The
monetary value of this output is shown later to approximate 300
erores of rupees.. Compared with other eountries, India stands
second in volume of milk production, her output being exceeded only
by the United States’of America. She produees over four times the
output of Great Britain, over five times that of Denmark, over six
times that of Australia, and over seven times that of New Zealand.

The production of milk ecannot, however, be considered without
reference to the needs of the population who have to subsist on it.
Tt is here that India falls to the lowest place among those countries
for which statistics are available.* This point is shown eclearly in-

ble 1. The total produetion of milk is given in the first eolumn,
the human population in the second column, and the calculated pro-
duction per head of population in the third column. This colummn
provides, therefore, a measure of the adequacy of milk production in
terms of the requirements of the population.

Tt will be seen that the countries may be classed into three
groups. Six countries show productions of between 30 and 40 vz
per head per day. In these countries the production per head agrees
closely with the estimated eonsumption which is shown in the fourth
column and whiech may probably be taken as adequale for the
nutritional needs of the population. Such countries are self-
supporting in so far as their milk requirements are eoncerned. Nine
countries show productions in excess of 40 oz. per head per day.
These are countries sueh as Australia, Canada, New Zealard and
the Seandinavian nations, which have an exportable surplus of milk,
The remaining five countries show productions below 30 oz, per head
per day. These countries do not produce enough milk to supply
their own requirements, and must either import milk produets or
subsist on a diet deflelent in milk, A highly industrialised nation
like Great Britain is able to import sufficient mitk produnets to raise
the consumpiion to an adequate level(3}). On the other hand
countries which are predominantly rural, such as Poland, Italy,

{1} A. Olver and M. Vaidyanathan, ¢ Asscasment of the Aunnual Contribu-
tion of Live Stock to Indian Eeonomy °’. .

(2) Resulta of Provincial Muarketing Surveys.

*Unfortunately no similar information is available for tropical or far-
eastern  countries.

(3) It may be noted, however, that 60 per cent, of Great Britain’s consump-
tion is in the form of butter, a very incomplete food. The milk equivalent of
the whele milk products consumed would only be about 16 oz. per head per day,
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Roumania and India, eannot afford to import milk produets, ande
their populations are therefore unable to obtain an adequate supply
of milk to meet their nutritional needs. Thus it will be seen that-
India’s eonsumption of 7 to 8 oz per head per day is less than a.
guarter of that of the self-supporting countries.

It may be asked whether the estimate of 7 to 8 oz. is a true
indication of the daily per capita consumption, fs'inﬁe it is based _(;;r
very rough estimates of the average milk

mggf,f;‘:mg‘“ C3PIt3  yields and lactation periods of Indian cattle.
An atternative method of determining the level

of milk consumption is by dietary surveys, though these are also
subject to considerable error—parily because information collected
from consumers is frequently unreliable (especially i desling with.
a relatively unedueated population) and partly bhecause dietary
surveys necessarily apply to a very restricted section of the popula-
tion. Unfortunately few such surveys have been carried out im
India, but it will be well to see how far the available figures agree
~with the estimate already mentioned. Im a survey of the food con-
sumption of tenant eultivators in Western Punjab(+) details of milk
consumption are available for 39 families. The average daily per
capifa consumption was found t¢ be 5 oz., but in addition 0.6 oz,
of ghee was taken. As the survey related to the families of
cultivators it may be assumed that the lasst (butter-miik), which is
left as a by-produet of the manufactare of yhee and is a most popular:
beverage, was also ineluded in the diet. The total milk equivaleng
would thus be raised to just vver 14 oz. per head per day. The
Report mentions, however, that milk consumption depended on weallh
as well as age, and that “‘ the menials use little milk other than
lassi....... The poorer non-agriculturists cannot afford to take ghee
or milk even occasionally, except on festive days’’. Similar figures-
have been obtained in a recent invesligation in the Sialkot Disiriet:
of the Punjab (%), where the milk conswuption of 60 families averaged
between 5 and 5} oz., and the total milk equivalent econsumed (i.c.,.
inehuding curds and ghee) was between 16 and 18 oz, per head per
day. On the other hand very different results have been recorded
in a dietary survey ecarried out in South Indian villages(8). In this
survey milk and milk products were found to be entirely absent:
. from the diets of 31 out of the 44 families investicated, while the
“average milk eonsumption of the remaining 13 families was less thar
- 3 oz. per day. This was supplemented by curds and ghee equivalent
to a little over 4 oz. of milk, giving a milk equivalent consumption
of barely 7 oz, per head daily. Spread over the 41 families, this
average figure would be reduced to only 2 oz. per head per day. It
has long been recognised that differences in the consumption of
milk and milk produets ave probably associated with the marked

(4) 5. Lal :md- W. Roborts. ‘* Rates of P‘odd Consuraption by 71 .famdiies
of Tenant Cultivators in the Klhanewal Tehsii, Multan Distriet >, Punjab Board
of Economiv Inquiry Publieation No. 29, 1435, ’
(5) N. (. Wilson, Unpublished data. ‘
. (8YW. R. Aykroyd and T G. Krishnan, ¢ Diet Surveys in South Indiam
Villages ', Indian Journ. Med. Res. 24, 667 (1937), :
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differences in physical development of the northern and southem
races of India. Such differences in milk consumption have been
noted by Sir John Megaw (?) and are also appareut in the estimates-
of milk production made in the recent provineial marketing surveys
(see Table 2).

1t is also found that the consumption of milk and milk products
is markedly lower in urban than in rural areas. An inquiry con-
ducted in nearly 2,500 working elass households in Bombay(¥)
showed that the average quantity of milk consumed per head per
day was less than half an ounce. This was supplemented by 0.05 oz.
of ghee. A similar inquiry among 97 families of jute mill workers
in Bengal(?) gave a per capite daily copbsumption of just under
one ounce of milk and of 0.10 oz, of ghee. These fizures refer, how-
ever, to selected groups of the population. Table 3 shows the collected
figures for a number of typical municipalities(1?). It will be seent
that the comsnmption in these municipalities is generally lower than
the corresponding provineial estimate as given in TFable 2. It is,
moreover, probably true that little or no lasst (butter-milk) is con-
sumed in towns unless this is specially made from curds : butter-milk
itself is essentially a rural produet,

In view of the wide variations in milk eonsumption which are
found bhetween rural and urban populations and between the
populations of Northern and Southern India, it is obviously impossi-
ble to arrive at an average consumption fizcure from dietary surveys.
The fignres quoted are, however, sufficient to indicale that a per
capite daily consumption of 7 to 8 oz of milk (either in liquid form
or as milk products) is not an unreasonable estimate for India as a
whole.

The next step is to determine fo what extent this daily per
capile consumption ought to be inereased in order to meet the
. minimum requirements of the population.
m;ﬁ?"a’ry Require- European standards are only of limited value
in this connection, for they are based on the
assumption that the population lives on a mixed diet which includes
meat and other soureces of animal protein. Moreover such standards
are based on the needs of the body in temperate zones, Tn India the
climate is sub-ropical or tropical, and most of the population
subsists on a vegetarian diet derived from a very limited vaviety of
foodstuffs. Milk s, in fact, frequently the only available source of
‘ first-class ’ protein, while it also has to supply a considerable pro-
portion of the mineral constituents and vitamins of the diet.
In view of the special importande of milk as the sole souree of
‘ first-class *  protein, the quantity needed in the average Indian

(7) Figures t;uoté(lnlfroln brief,

(8) G. Fiudlay Shirras. *‘ Renort on an Enquiry inte Worki
Budgets in Bombay.’’ Government Central Press, .{IUE? og Clasa

(9) A. 0. Roy Choudhury. ** Keport on an Enquiry into the Standard

;)3“ l{.Jiving of Juto Mill Workers in Bengal.” Bengal Secretariat Book Depot,
30,

{10) Figures obtained directly from \gtunicipaiitiea.
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dietary can best be calculated on a basis of protein requirement.
According to Buropean standards, about 10 to 15 per cent. of the
daily intake of energy should be derived from protein. For am
‘average man this would entail an intake of about 100 grams of
‘protein per day. Of this, roughly one-third (say, 37 grams) should
be ¢ first-elass ’ protein(1'). A recent Indian publication(?) puis
‘the requirement somewhat lower, namely, 65 grams of total protein,
"of which about one-quarter should be of animal origin. Using these
two standards as a basis for caleulation of the milk requirement, the
following figures are obtained —

European Standard. Indian Standard.-

Daily requirement of © first-clnas * pro- 37 grams. 16 grams.
tein per head.
Amout of milk needed to supply this 1,000 grams. 430 grams.
quentity of protein, say. _
or & daily intake of .. . 85 oz 15 ox.

Tt will be seen that the standard European requirement coineides
elosely with the actual consumption in the self-supporting eountries
shown in Tablé 1. Although the standard Indian requirement is
very much smallex, i is still double the quantity of milk af present
available in the country, namely 7 to 8 oz. per head. Moreover, the
Indian requirement is based on an admittedly low standard. *‘ This
scale ' it is stated ** falls short of the ideal as defined by modern
physiologists and may often with advantage be exceeded. It 1s
nevertheless excessive, as far as India is concerned, in the sense that
economic circumsianees and dietary habits often prevent its altain-
ment.”’ It would appear from this statement that the scale has,
indeed, been somewhat arbitrarily fixed at a low figure in order to
make it a feasible standard under Indian conditions. If the standard
were to be set at & level more nearly zkin to that aimed at in pro-
gressive European countries, the present output of milk in India
would not merely need to be doubled, but would have to be increased
three-fold or even four-fold. :

It is signifieant that this general eonclusion has been arrived at
independently by another method of computation. In the article
referred to{23) an atiempt was made to estimate the adequacy of
India’s net food supply for the nutrition of her population. It was
found that whereas the total energy available was adequate and the
amount of carbohydrate was actnaliy in exeess, the quantities of
fat and of ¢ first-class 7 protein were markedly deficient. * Clearly "’
the author writes ‘* the most important task confronting the social
reformer who seeks to make India’s food supply satisfy decent
standards of nutrition is to increase milk produetion in India..... .

'(n) ‘¢ The Criticism and Tmprovement of Diets.’’ Memorandum by the
Advisory Committee of the Ministry of Health, 1934.

(}2) W. B. Aykroyd. f° The Nutritive Value of Indian Foods and tue
Plauning of Satisfactory Diets.’” Health Bulletin No. 23. Govt. of india
Press, 1937, RY

il
(13) *“ India’s Food Problewm.'’ The Economist, 26th December 1936.
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A donbling of India’s milk supply will not enly increase the quantity
of first-elass protein available per head, but will also increase the
element of animal fat in the Indian diet, which at present is largely
supplied by vegetable oil.”’

While the argument for increasing milk consumption has so far
been based on the requirement of ‘ first-class * protein, the value of
milk as & ° protective ' food must not be lost sight of. With a
vegetarian diet derived from a very limited variety of foodstulfs,
there is & serious risk of & deficiency of both minerals and vitamins.
An inerease in the eonsumption of milk would go far towards eorrect-
ing the present deficiency of protective elements in Indian dietaries,
particularly in so far as growing children are concerned.

The value of increasing the consumpiion of milk is well

" illustrated in the results obtained in two series of exﬁ)erliments in
_ which the diet of chitdren of school age was

mgeﬁm‘::& feed supplemented with a ration of milk. Two
reports have been issued in connection with a

scheme sponsored by the munieipality of Bimla({!4). This scheme
was designed to ascertain the effect of adding a supplement of 1 lb.
of whole milk per day to the ordinary diet of children for a period
of three months. The total number of children covered in the first
report was 44 and in the second report 112, The weights and
heights of the children, as well as of similar (eontrol} groups who
received no milk supplement, were taken at the beginning and at the
end of the feeding period. The results are shown in Table 4. It
will be seen that the children receiving milk showed markedly greater

increases in both weight and height over those who received no milk
supplement,

A somewhat similar investigation has been carried out among
residential institutions for children in South India(!%). Ip this
investigation, however, it was not possible on account of expense to
give the children whole milk and they were therefore given a supple-
ment of skim milk reconstituted from milk powder. Moreover, the
quantity fed was limited to 1 to 1} oz. of skim milk powder,
equivalent to rouphly 8 oz of liquid skim milk. The results are
shown in Table 5. At the end of three months feeding children
recetving the milk supplement showed a marked increase in weight
and height over those receiving no milk supplement. Moreover, the
same children were later used in an identical experiment, but in
this case the groups were reversed, those who had previously acted
as controls receiving the milk supplement. The results again showed
the value of the supplement of skim milk to those children who
received it. It is, moreover, significant that in this experiment the
addition of the supplement of milk was found to reduce the jncidence
of two pathological conditions, 4.6, stomatitis and phrynoderma,

14} W, H. Crichton. ‘¢ Fi 1 i s
nﬂm-t{ionld by the Simla Mumi‘i;ztlit;.?’ Becond. Beports of tho Milk Schews

(15) W. R. Aykroyd and B, G. Krishnan. ¢ The Effect of Bkimmed

milk, Soya Bean and other Foods i i Typi 3 ioba p
Im.l_’.lmu-n_ Med Res 94 & {laR'?\m Bupplemgntmg ical Indian Diets.’
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both of which are now recognised to be nutritional deficiency diseases
which can be prevented by the presence of ¢ protective ’ foods in the
diet.

These results, together with the known deficieney of milk in the
average Indian diet, are suficient to indicate the very great need
for increasing the milk consumption of the
epuntry. The question arises, however, as to
whether, if the necessary inerease in produc-
tion is effected, the population could afford to purchase the additional
milk. There is no doubt that the Indian appreciates the value of
milk, and that if he has sufficient means he will inerease his consump-
tion of this foed. The per capila consumption depends, however,.
very largely on income level. Table 6 shows the average family
expenditure of milk.and ghee in comparison with the total food
expenditure in three urban centres(1®)}. The proportion spent on
these two milk products (5 to 15 per cent.} is very low in comparison
with that sugpested in other countries(i7), but it is significant te
find that this proportion rises markedly with inereasing income.
Table 7 shows, for example, the gquantities of wilk and ghee con:
sumed by Bombay families at various inconie levels, and the relation
of expenditure. on these products to total food expenditure. The
conswmption of milk shows a ten to fifteen-fold increase, and the
eonsumption of ghee a seven-fold incresse, between the lowest and
the highest income groups. At the same time the proportion of the
total food expendifure used for the purchase of milk produets rises
from 3 per cent. to 11 per cent. Similar results have been obtained
in a survey undertaken at Lahore(1%). The differences in income
level were, however, very much grester in this survey. Table 8§
shows that milk consumed increased with income level until, with
incomes of Rs. 1,000 per month and over, & maximum figure of
30 oz. per head per day was reached(1®). On the other hand at
income levels helow Rs. 100 per month the consumption of milk was
comparatively low, while in the lowest income group it was less than
3 oz. daily. The average per capite income in India is about
Rs. 100 per year(®*®). It is therefore diffieult to see how milk con-
sumption c¢an be inereased among the poorer classes unless the price
of milk is lowered or the income level is raised. This point is speecially
referred to in a recent publication which deals with the

Relation 1o income
lovel,

(16} Sce Reports on Enquiries iuto Working Class Family Budgets in
Boubay (1922), Almedabad (1924) and Bombay City (1932), and into Family
Budgets of Cotton Mill Workers in Bholapur City (1923). (Govt, Ceniral
Press, Bombay).

(17) See, for example, the Report of the Committce on Nutrition of the
British Medieal Associaztion (1933) where the proportion of food cxpenditure
allovated to milk and milk products lies between 20 and 35 per cent.

(18) R, Lal Anand and A. C. Aggarwala. ‘¢ The Milk Supply of Lahors
in 1930’7 Punjab Bourd of Economic Inquiry, Publication No. 28, 1935,

(19) It is significant that this corresponds closely with the average milk
consumption of the self-supporting dairying countries shown in Table 1. It
would seem that 30 oz, milk per head constitutes the optimum daily requirement.

{20) D. G. Karve. *‘ Poverty and Population in India.’’ Oxford Umi:
versity Press, 1936, ' i



7

state of nutrition of school children in South India{21). The
authors point out that children {requently have to subsist on diets
vosting ounly Rs. 3-8-0 per month. At present prices it is manifestly
Jmpossible for an adequate quantity of whole milk to be included
In the diets of such children. Tn a recent investigation in Caleutta(?2)
‘it was, in fact, found that in three owt of four hostels (two being
«ghildren’s orphanages) no milk or milk products could be included
in the diet on acceunt of its relatively high price.

The eonclusions of this discussion are two-fold. In the first
‘place, it is essential that the produetion of milk in India sheuld be
Need for Increasing ‘;?Sﬂy if}f]icrcafed ift't thcf t};lqpulatidon 1 i_s tff?
ave sufficient quantity of this produet in the
ﬁduﬁ?ﬁemng % Giet. It is estimated that the output of milk
) would need to be at Teast doubled in order to
provide even a minimum requircment. In the second place, such an
merease in production would fail to achieve its objeet unless the.
‘price of milk ¢ould be reduced or the income level of the population
could be raised. The possibility of achieving an increased produc-
tion of milk will be dealt with in the second part of this report. In
the present part, whieh deals with the utilisation of milk for liquid
consumption and for manufacture, the second objeetive, namely, to
ensure that the price of milk is within the purehasing power of the
majority of the population, must be constantly kept in mind.
¥ (21) W, B. Aykroyd and B. G. Krishnan,

‘¢ The State Nutriti
!(Si-hunl) Children in South India; Part IL?’. Jnd, .;:um.liffegf fi;tnéz,mﬂ\));
937). T !

(#2) H. E. €. Wilson, B. Ahmad and D, N. Mullick. ** A Diet Survey of
f,isme )Fanuhes and Institutions in Calewtta.’’ Ind. Journ. Med. Res. 24, 161
836). )
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. QHAPTER Il.—General discussion on the trend of development of
the dairy industry,

Organised dairying in India may be said to have a two-fold
origin ; first the imtrodueiion of eream separators in 1889(), alud
. second, the establishment of large scale dairy
Origin of organtsed ., by the military authorities, the first of
datrying. which was started at Allahabad m 1891, Of
these two developments the latter was to prove the most important,
since it led indirectly to the ereation in 1920 of the post of Imperial
Dairy Expert. This in tarn provided a focussing point for the
development of the industry and an impetus to the introduetion of
modern methods of handling milk. It may indeed be said that the
main objective has been the imtroduction of Western methods info
Indian dairying praetice with the object of placing on the market
& better guality prodnet. Thus the policy of pasteurising and
‘bottling miik has been encouraged and stress has been laid on the
introduction of factory methods of manufacture, particularly for the
production of butter. - '

The indireet influence of the Military Dairy Farms has there-
fore played 2 large part in initiating organised dairying in India.
There is, however, cne disadvantage in basing the dairying develop.
ment of a country on the requirements of one particular section of
the population, since such a development may fail to meet the needs
of the majority of consumers. This danger is the more serious when
those catered for, namely, Earopeans, do not have the same dictary
habits nor- the same standard of living as the great mass of the
Indian population. The unsuitability of Eurcpean produets [or
Indian eonsumption i elearly shown in the following figures relating
to the utilisation of milk produced on the Military Dairy Farms.

Milk (1b).  Butter (Ib.). Cream (lb.)
British Proops - . 13,085,577 1,041,509 194,157
Indism Troops - o 8,965,817 888 38

It will be seen that only ont.gquarter of the milk used for liquid eon-
sumption was eonsamed by Indian Troops, and that their consump-
tion of butter and cream was negligible. This is in no way quoted
‘u8 a criticism of the policy of the Military Dairy Farms, which wera
-egtablished specifically to supply milk and milk products to British
Troops and Military Hospitals : the needs of Indian Troops are
catered for in other ways—for example, by the Military Ghee Heat-
ing Depot at Agra. The difficulty only appears when the policy
adopted at the Military Dairy Farms is used as a model for the
development of the dairy industry in the country as a whole,

When the post of Imperial Dairy Expert was created and the
problem of developing the dairy industry had to be faced po sccurate

{1) It is, however, significani to note the very limited growih of the use
of eream separators ia India, At present there are probably less tham 4,000
in the country. In comparison there are, for instamee, over 50,000 in New
Zenlund alone although this country handles only a fraction of the quanlity
of milk produced in India, :
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information was available regarding the relativé importance of
various milk products in the Indian dietary. Moreover, no experi-
ments had beeu carried out to determine, for example, the feasibility
of organising village milk supplies on a co-operative basis or of
adapting Western manufacturing methods Yo Indian conditions. It
was therefore inevitable that development should tend to be planned
on lines which had proved successful in the more limited sphere of
army requirements. It was known too from import returns that
there was a market for such products as butter, and further, that
this market would probsbly provide s more lucrative return fo the
mitk producer than he could secure from the sale of indigenous milk
products such as ghee and khog. Such facts account for the pro-
minence which has hitherto been given to the provision of high grade
milk and of butter in official dairying circles.

At the date of my inquiry, however, a numbar of factors had
combined to clarify the whole subject. In the first place an extensive
marketing survey had just been undertaken(?) and information was
therefore available as to the relative importance of the various milk
products produced in India. In the second place much new and
valuable information had been collected as a result of the appoint-
ment of the Animal Husbandry Expert to the Imperial Counecil of
Agricultural Research. In the third place a number of projects
had been inmitiated in such directions as co-operative dairying, the
establishment of village separating stations and the running of
modern processing plants, the results of which I was able to inspees
personally., These three factors bave provided a solid foundation
of knowledge and experience on which, in my opinion, the future
development of the dairy industry must be based. I propose at this
point to discuss in some detail the main considerations which I feel
to be of outstanding importance in planning any future policy for
the industry. .

The first requirement of any national industry is that it should
meet the needs of the great mass of the population. Thus it is
essential, in considering the development of

m::m Yequire  4)o dairy indusiry, to ensure that it caters
i for the existing taste and dietary habits of the
Indian people. The only available means of determining this is to
ascertain the present demand for the various products available. A
rough indieation of the demand is provided in the provisional estimates
of milk produetion obtained in recent provineial marketing surveys.
The results of these surveys have for convenience heen eombined in
a single table (Table 9). It will be seen that roughly one-third of
the milk produced js sold as liquid milk, Of the manufactured
products the output of ghee is far in excess of that of all the remain-.
ing produets, accounting for 75 per cent. of the milk utilised for:
manufacture. It is significant that the quantity of milk used for
ghed production is substantially greater than that sold for lignid
consumption. There is indeed no doubt that the production of ghee

(%) Provincial Marketing Surveys conducted under the general direchio:
of the Agrieultural Marketing Adviser to the Government ofgIndia. sckian

H36ICAR
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must be considered as the most important single factor in any
scheme of development of the dairy industry. Of the remaiming
products, khoe and other indigenous milk produets aecounut for
nearly 15 per cent. of the mitk used for manufacture, while the
inclusion of dahi (curds)—another indigenous dish—would bring
this figure to 20 per cent. Butter accounts for omnly 2 per cent. of
the manufactured produects. Moreover it will be shown later that
nine-tenths of this is so-called ‘ eountry ’ butter, which is used
almost entirely as a basis for the production of ghee in the house-
held. Only one-tenth is * ¢reamery ’ butter, which therefore oceupies
a position of almost negligible importance in Indian dairying. Crcam
and ice-cream slso account for very small quantities of milk, while
cheese produetion is practically non-existent,

The same general conelusions may be drawn from figures show-
ing the caleulated values of the tatal output of liguid milk and milk
produets, These are given in Table 10. Liguid milk and ghee head
the list with values exeeeding 100 crores of rupees, thongh it may
he noted that no allowance has been made for the value of lasst
(butter-milk) formed as a by-product of ghee and invgriably con-
sumed by the cultivator and his family. The value of indigenous
milkk products (ineluding khoa and dahki) is estimated at roughly
80 crorves of rapees, while bntter (both * country > and ‘ creamery ”
make) total only 3 croves. Cream and iece-cream are valued at a
little under 2 erores of rupees.

These fizures show clearly that the items of major importance
in Indian dairying are liguid mitk, ghee, and otber indigenous wmilk
products. Western products such as butter and cheese are scarcely
used except by Europeans and a small number of educated Indians
who have acquired a taste for them.

It may, however, be argued that the figures so far discussed de

not include imported milk produets, and that these constitute &
substantial item which must be taken into account. Reference to
import statisties indicates that this view is untenable. A rough
caleulation shows that the quantities of butter, cheese and condensed
and dried milk imported annually into India are equivalent to about
one million manfids of milk. India’s milk production is estimatec
at g.bout 700 milion maunds. Imports represent therefore less than
-0.35 per cent. of the country’s total output of milk. Again, the
value of these imports is given as about Rs. 78 lakhs(3). It has
already been shown that milk and milk products produced in India
- are valued at some 300 crores of rupees. The milk produets imported
are therefore valued at less than half of 1 per cent. of

the total ‘A’alue of products produced in India. To put the matter
more strikingly, an inerease in the value of ghee by only 1 per cent.
would add more to the wealth of the dairy industry than the replace.

m:tepii of the whole of the imported milk products by home-produced
articles,

(3) Figure ¢btuined from the Aumual Stat -
Brity Togur tatemeuts of Sca-borme Trade of
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JThis is & point of fundamental importance. Proposals have for
example been made to spend a very considerable sum in setting up
& Government KExperimental Creamery which could be used for
investigating the production of condensed and dried milk and of
butter on a factory scale under Indian conditions. The object of
the scheme is largely to demonstrite that imports of these products
could be replaced by preducts manufactured in India. Without con-
sidering the feasibility of stuech a schemie (which is dealt with in &
later chapter) it may, I think, be argued on grounds of principle
alone that available funds should be chiefly devoted to the encourage-‘
ment of the major products ofethe dairy industry, rather than to
branches of manufacture which are of such minor importance to
India as a whole. Again, persistent efforts have heen made to
formmlate standards of quality for creamery butter produced in
India, in the expectation that this will lead to improved methods of
prodnetion and marketing. The provision of such standards for
butter is undoubtedly desirable, bui the formulation of quality
standards for ghee (and even for khow) is an infinitely more urgent:
subjeet for consideration by Government. These examples are taken
to illustrate in a concrete form the contention which I have already
urged, namely, that the first requirement in developing the dairy
industry is to ensure that it will cater for the taste and dietary habits
of the Indian population,

The second requirement of an industry is that it should be
/designed to suit local conditions of production, collection and trans-
port of raw materials. In this connexion it
mﬂpecla.l difficulties yioht he well to make a few brief comparisons
volved in dairying b e . .
under Indian conai. Petween rural conditions in India and those
tiona, in eertain typical dairying conntries. Tndia is
7 essentially a country of small holdings. In
the Punjab, for instance, over 40 per cent. of holdings are of less
than 5 acres, while only 12 per cent. are over 20 acres. For Bombay
the equivalent figures are 48 per cent, and 12 per ceut. and for the
United Provinees 52 per cent. and 7 per cent. In the latter Provinee
the average area of land per worker is 2.5 acres, while for Assam,
Bengal, Bihar and Orissa, it is 3 acres(*}. These figures may be
compared with those of Denmark, where only 10 per cent. of hold-
Ings are below 5 acres and where the average holding is just under
40 acres. In (reat Britain the size of the average dairy farm
exceeds 100 acres, and in New Zealand and the United States dairy
farms average about 150 acres().

The marked difference between the average size of holdings in
India and in these typical dairy countries is parallelled in the number
of cattle per holding. Denmark has an average of about nine cows
per holding and the United States about twelve. In Great Brilain
xn’y herds average abomt 25 head, a figure also shown by New

aland. India presents an entirely different picture. The typical!

cultivator possesses a pair of bullocks iwith one or at the most two

(%) Figures obtained from Census of India, 1931, and from other sources.
- (B) Figures obtained from Denmark Agriculture, New Zealand Official
Yearbook, U. 8. Agricultural Statisties, and other sotrces.

c2
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cows (usually of a dranght or nondescript breed) and per_haps. ong
or two buffaloes for milk production(®). There are practically no
gpecinlised dairy  farms, the production of milk or ghee being
subsidiary to small scale erop farmine. In consequence of this, a3
well as of the poverty and lack of education of the eultivator, method:
. of milk production are erude and facilities for eollection are primitive
This difficulty is intensified by lack of communications between
yillares and main reads, and by ahsence of suitable forms of trans-
port. Moreover, there are also special difficulties connected wiih
the climatic eonditions in India. The average temperature is high,
reaching figures well over 100°F. during the hot weather. Yet
there is often a complete lack of water suitable for cooling, while
flies and dust are abundant sources of contamination of the milk.
In the monsoom period the village roads are frequently so badly
flooded as to be impassable. It may be mentioned, too, that the
stotal output of milk per village is usually low, an average figure being
1,500 1b. per day.

Under these circumstances the collection and handling of milk
at central depots under factory econditions would be fraught with
difficulty. Personal inquiries among those responsible for running
butter-making creameries revealed the fact that on arrival at depots
the milk is frequently sour and unfit for the produetion of a high
quality produet. The separated milk from such a poor supply is
only fit to be converted into erude casein, and is wasted as a source
of human food. In a counfry like India where there is such an
urgent need for * first-class * protein in the diet, such a wastage of
valuable food is o be deplored. ' ‘

An impartial survey of the present position leads one to the
eonelusion, in faet, that the evolution of the indigenous milk
products which are peculiar to India (ghee, khoa and dahi) has
Jargely been due to the fundamental difficulties involved in handling
milk unnpder the conditions described. Ghee and dahi are made
,directly by the producer from naturally soured milk, 20 that high
atmospheric temperatures and casual contamination do little damage
to these products. Khoa on the other hand is 8 form of milk rendered
transportable by partial desiccation—a proeess which also partially
sterilises it and thus improves its keeping quality. Tt is very doubtful
whether one eould apply to the manufacture of these produets(?)
the type of factory system of dairying which has been evolved to
suit the products and the climatic conditions of countries sitnated in
temperate zones. _

This raises a further point. The third requirement of any
'industry is that it should fit into the general economy of the country.

India’s population is In this connexion it is significant to note t_hat
predominantly rursl,  Lhe development of a factory system of dairy-
ing has only been suecessfully achieved in

. .{8)In a recent village ingmiry earried out in important breeding tracls
in Northern India the following fipures were obtained :—Number of holdings
surieyed 7.627 ; numbers of eows—~dairy breed 1,363 ; draught breed 6,327 ;
moudeseript 4,126 ; number of buffaloes 10,377 .

(7) With, perhaps, the exception of khoa.
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eountiries which cither have a large urban population or a large export
market. In Cireat Britain, for example, where 80 per cent. of the
population is urban and only 20 per cent. rural, nearly 90 per cent.
of honme-produced milk and milk products are consumed by the
former. In the United States, where the urban population is roughly
60 per cent. of the total, 75 per cent. of home-produced milk and
milk products are sold for urban comsumption. Denmark and New
Zealand do not possess sufficient urban populations to absorb their
available supplies of milk, but these countries are able to export
large quantities—the ratio of milk produets exported to milk products
refained being about 4 : I or 5 : 1. India is in a very different posi-
tion. While the ratio of rural to urban population in Great Britain
is, for example, 1 : 4, the ratio in India is 9 : 1(¥). The urban
population provides therefore only a very limited market for milk,
and it may be said that the industry has in large measure to find its
market in the producing areas themselves. To put the situation
somewhat crudely, for every seer of milk sold to towns, nine scers
must be retained for consumption in rural areas, either by the
cultivator himself or by his village associates. Moreover there is
little chance of building up a large export trade of milk products
from India, partly because of fierce competition from countries which
have a more favourable climate for the manufacture of milk products
consumed by Western nations, and partly because Tndia is mot yet
producing sufficient milk to meet even her own needs.

The fact that the rural community constitutes the largest
potential market for milk and milk products affects the whole
possibility of introducing a factory system of dairying inte India.
Such a system entails difficulties even in highly industrial countries
chiefly on account of the by-products of manufacture. In a recent
report (") on the British dairy industry it is, for example, stated that
‘* where manufacture is undertaken on the farm the by-products are
available for immediate use...... The extension of factory manu-
facture lias however given new importance to the problem of the
disposal of by-products ’. If the manufacture of ghee was to be
undertaken on a factory seale in India there would inevitably be
large accumulations of separated milk at the manufacturing depots.
Such aecumulations of separated milk have, in faet, already proved
.8 source of embarrassment to butter-making creameries. It has been
pointed out that the conversion of such milk into casein is undesir-
able on nutritional grounds. The only alternatives would be either
to retorn it to the eultivator or to convert it into condensed or dried
milk. The former procedure does not appear feasible. There would
be difficulties in returning the large volumes of separated milk to
the villages, including the risk of souring during transportatiom,
‘particularly at the high temperatures experienced in India. There
vwould also be the risk of spreading disease through milk which had
been indiscriminately bulked ; there would be the difficnlty of ensur-

i

(8) Bee Table 11,

_ (9) Report of the Milk Reorganisatiom Cemmission for Greét Britain,
©p. 107, H, M, Stationery Office, 1036, :
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ing the sterilisation of the containers after return to the eultivator ;
and finally, it is more than likely that the cultivator and his family—-
always conservative in matters relating to diet—would refuse Lo
drink the returned milk. The second alternative, namely, to condense
or dry the separated milk, is equally open to objection. Apart from
the technical diffieulties involved through the poor keeping qualily
of the milk, the market for condensed and dried milks in India is
strictly limited and is largely confined to proprietary brands. In
any event onece this very limited market was saturated the only
alternative would be to return the dried produect to the eultivator—
obviously an uneconomic procedure even if he eould be persuaded
'to use it in his diet. It will be seen therefore that any attempt to
adopt a factory system of dairying in India would involve funda-
mentel difficulties which it would be extremely difficult to overcome,

It is apparent from this discussion that any attempt to develop
the Indian dairying industry by the piece-meal introduction of
Western methods is to be deprecated. What
is needed in Indian dairying is a new outlook
~ and a new technique ; an outlook which reeog-
nises the special nature of India’s problems and a technique which is
designed to solve these problems. The lines along which such a
technique might be developed are dealt with in subsequent chapters.
It will be well, however, to indicate at this stage the main directious
in which I feel that progress should be looked for.

-/ Need for a new out-
00K,

The first essential is, to my mind, to ensure that an adequate
pply of milk andior milk products are available for consumption
by the rural population. The tendency of the

mp’:qu'::?l:::;fmo;f Indian eultivator (as indeed of most agricul.
tural producers) is to sell as much of his

products as possible for cash, even if this entails a shortage of essen-
tial nutrients in his own diet and that of his family. This fact was
repeatedly brought to my notice during visits to villages and by
those working in close touch with village communities. Tittle can be
done to check this tendeney in regard to the sale of milk for liquid
consumption in towns. The market ig relatively lucrative and sales
of mitk provide a valuablé addition o the eultivator's income. More-
over it is arguable that such sales do not necessarily result in any
decreased milk consumption in the cultivator’s own household, since
with increasing prosperity he will tend to expand his production,
leaving a margin for home consumption at least as large as formerly.
With the enltivator whose holding is remote from the market the same
argument does not hold. At present such a cultivator will probably
utilise most of his milk for the production of ghe#. This is most
advantageous since, in addition to selling the ghee for cash, he retains
the lassi (butter-milk) for the use of himself and his family. Tt is
essential that any alternative system of manufacture which might
replace present dairying practice should still leave such valuable
mi'k by-products with the cultivator.” It has already been noted
that large-scale factory dairying fails to meet this eriticism,

iR



15

Nevertheless, there is no doubt that the present methods of handi-
ing milk and of producing indigenous milk products are erude and
primitive. $uch methods only survive lLecauwse
m::;::dds for improved . eost of labour js mot taken into account
) and the class of purchaser is too poor or tow
unedueated fo be able to dizeriminate between a good and a bad
quality product. The second essential is, therefore, fo introduce
improved methods of production. This should be eﬁieqtgaﬁg‘q_ggl_q—
tionary rather than revolutionary changes of technique. One essern.
tial step in any attempt {o improve methods of production is, 1
believe, the combination of producers on a village industry basis(*?),
where the handling of larger quantities permits of the employment
of more specialised labour and where the ouiput is sufficiently large
to justify the use of improved types of equipment. At the same
time a village indusiry system avoids (so far as the manufacture of
milk products is concerned) the inherent difficulties involved in the
transport of milk which would be entailed in a large-scale factory
system. One of the great advantages of refaining industries within
the village is that the by-produets of manufacture are still available’
Tor the use of the cultivator. At the same time this degree of cen. .
fralisation of produetion is sufficient to eall for some form of co-
operative marketing, from which the cultivator shoald benefit mate-
rially,
This brings me to the third essential, namely, the need for :
improved methods of marketing. At present the marketing of milk
and milk produets is chaotie, a situation which
mglgggingm;a.ciﬁ?;:.er is inevitable when small produeing units
market thelr own supplies. Tmprovement
could be effected in various directions. Faeilities could be provided
for the grading and sale of more uniform products and of preducts
of higher quality. A Iarger number of aecessible markets could be
established in producing areas where the present arrangements for
the marketing of milk products are inadequate. And, by these and
other similar weans, the producer could be furnished with a more
powerful bargaining weapon in disposing of his produce, and could
avoid the heavy toll on his income which is assoeiated with the exist-
ence of numerous intermediaries between producer and consumer,

The general conelusions of this chapter may be summarised as
follows :—First, attention should be coneentrated on the production
of indigenous milk products such as ghee, Lhoa

COonclusions. and dehi, and not on products of Western
origin such as butter and cheese. Second, the large-scale factory
system of dairying, which has been developed in temperate zones, is
of very limited application in a eountry having a tropieal climate, -
primitive methods of produetion and inadequate communieations and
transport facilities. Third, developments in the dairy industry must

(10) It is, I helieve, most important tn Tifferentiate botween tbe f?l(‘,tﬂ_l’;"
system, where milk is collected to a centrdl depot from a number of villages,
and the village industry system, where the milk is retaimed within the rvillage

PPN P
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be primarily designed to meet the needs of the vast population of
small cultivators ratber than those of the very limited urban popula-
tion. Fourth, for this purpose (as well as to ensure better methods
of production of indigenous milk products) a village industry sys-
tern (a8 distinet from a factory system) of dairying should prove
the most effective form of dairy organisation. Fifth, as a general
means of improving conditions in the dairy industry it is essential
that more adequate facilities should be provided for the proper
tgrading and marketing of milk and milk produets.

I have attempted in this chapter to give a brief outline of the
general lines along which I consider Indian dairying should advanee.
In the next four chapters I shall deal in detail with the specific
problems involved in handling liquid milk and in manufacturing milk
products. I hope, however, that in considering these detailed sug-
iestions, the five main contentions mentioned above will always be

ept clearly in mind.
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CHAYTER III.—The Production, Collection, Processing and Distri-
bution of Milk for Liquid Consumption.

The problems involved in the production and distribution of
milk for liquid consumption have frequently been stated as if they
were limited to the supply of milk to large
Tutroduction. centres ~of population. It is true that the
consumption of milk in eities is low in ecomparison with that in rural
areas, particularly as no supply of lassi (butter-milk) is normalily
available under urban conditions, At the outset I should, however,
again emphasise the fact that the urban population constitutes a
very small proportion of the total population of India. This fact
is clearly shown in Table 11(1). Eleven per cent. of the population
are classed as urban, and 89 as rural. It may probably be assumed
that the special difficulties associated with city milk supplies only
arise in urban centres with populations excecding 100,000. Less than
3 per cent, of India’s population reside in eities of this size. It is.
frue that the urban population is ineressing at the expense of the
rural. In 1911 94 per cent, of the population ‘were classed as
urban, in 1921 10.3 per cent. and in 1931 11.0 per cent. This in.
crease is. however, extremely slow and does not show any sign of
acceleration. The greatest increase has, morecver, taken place in
towns having populations of 20,000 to 50,000 and not in the cities
of 100,000 and over. In view of these facts it would, I believe, be 8
grave mistake to limit consideration of the problems ¢f milk produe-
tion and distribuiion to a seetion of the community which represents
-such a small fraction of the total population. In this eonnexion it
inight also be timely to point out the rough distribution of the rural
pepualation. Over 48 per cent. of the rural population live in villages
of under 500 inhabitants, while about 45 per cent. Hve in villages
with populations hetween 500 and 2,000. For India as a whole the
average village population is roughly 450. These fizures re-emphagise -
the fact that in facing the problems of milk produetion and distribu-
tion in India one is dealing with an essentially rural population.
Many of these problems are more or less common to all areas,
jrrespective of population densities. T propose to deal with such
problems in this chapter. Speecial considerations which apply only to
city milk supplies will, for convenience, be dealt with separately in
Appendix II.
Before turning to a detailed consideration of technical problems
T ghould, however, once again stress the fact that the essential point
to be borne in mind throughout this discussion is the need for pro-
viding a supply of pure milk wilhin the purchasing power of all
classes of the population. In an earlier chapter I have drawn atten-
tion to the urgency of increasing milk consumption in India, and I
have indicated that the present low comsumption of milk is largely
attribntable to the low income level of the population. It is essential
therefore that anv improvement in the methods of produetion and
distribution of milk should be effected without adding materially to

its cost,
{1) Census ¢f India, 1931
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Owing to the very varied conditions existing throughout Indiz
it would be useless to attempt a detailed description of the methods
‘ employed in the produetion and distribution

ﬁrc:z’;methods of of milk destined for liquid consumption. In
b towns much of the milk is produced and sold
. by local gowalas (professional milk producers) who keep four or
,more cows or buffaloes. Such animaly are stall-fed and get little or
{no grazing. In large cities very much larger herds are kept in stables
by large milk dealers who purchase cows and buffaloes and dispose
of them when the milk yield becomes uneconomic. In villages, om
the other hand, milk production may be more or less a side-line, and
the cattle are seldom sufficiently well-fed to give satisfactory mikk
{ yields. Wherever cattle are kept, however, the technique of milk
"production is very similar. The udders of the cows may or may
not be washed or wiped with a cloth. Tmmediately before milking the
calf is allowed to suckle (an almost universal custom) and the cow
is then hand-milked, wet milking being usually employed. The
milking vessel is generally a cireular pot with a wide mouth, whick
is held between the knees of the milker. The milk is subsequently
transported to the nearest market by head load, bicyele or cart. The
vessels used frequently have no lids, and the mouth of the vessel is
therefore generally stuffed with grass or straw. After use the vessels
are scoured with mud and ashes, rinsed with water, and occasionaliy
¢ smoked  over a fire.

i It is obvious that much improvement in methods will be neces-
gary if the hygienic quality of the milk supply is to be improved.
In a country like India, with a tropical elimate and inadequate com-
munieations, it is specially important that milk should be produced
with as little eontamination as possible if it is to have a reasonably
good keeping quality. Otherwise there is a serious risk of souring,
and consequent spoilage. It is therefore disappointing to find that
the eultivators and gowalas show such a complete lack of knowledze
of the most elementary practices associated ‘with clean methods of
milk production. Their poverty and their consequent lack of equip-
men}f (wivill of course tend to diseourage the adoption of progressive
methods.

While thig lack of knowledge on the part of cultivators and
gowalas is perhaps inevitable, it was still more disappointing to find
the complete absence of interest displayed in this matter by officials

. assoeiated with the agrieultural and veterinary services and with the
Imperial Dairy Expert’s section. I found, fo¥ example, that it was
almost impossible to obtain reliable figures in regard to such an
elementary question as the keeping quality of milk, how it differed at
different seasons and with different methods of handling, and how it
could be improved under village condittons of production. The

- Gerber ‘ dirt’ test appeared to be unknown, or if known, not
employed. In only one or two centres was I able to see the resulis
of more aceurate tests, such as the methylene blue reduction test and
the plate count, which form essential weapons in the investigation
and control of production methods. It may be argued that there
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would be serious difficulties in applying accurate tests under village
conditions, even for purposes of investigation. This argument, even
if tenable, would not apply to conditions at agrienltural colleges and
other similar centres where facilities for laboratory investigation are
available,

Matters such as these may appear elementary and of little prae-.

tical importance. It is signifieant, however, that in every dairying
}'“.‘d for invest eountry investigations along such seemingly
tiom E¥  elementary lines have.formed the foundation
of dairying technique. Thus the first prob-

lems investigated at the Nativnal Institute for Research in Dairying
at Reading {(England) were concerned with the study of the various
factors coneerned in the production of clean milk, including such
apparently simple questions as the shape of the milk pail and the
cleanliness of the milking steol(2). Similar investigations have been
carried out by workers in the United States Department of Agricul-
ture(3). Moreover it eannot be maintained that, since the subject
has been so carefully investigated by Western workers, there is no
need to duplieate the work in India. Conditiens in India differ
fundamentally from those in temperate climates. The cultivator is
poorer and is therefore usually unable to purchase speeial dairying
equipment. The average temperature is very mueh higher, though
the intense sunlight is credited with a strong sterilising power. Fuel
is scarce and water for cooling is seldom available or, if available,
effective. It is, indeed, obvions that under suck circumstances
methods of producing and handling milk may have to be greatly
modified from those employed in countries situated in temperate -
zones(t). A technique suitable for tropical and sub-tropical condi-
tions must be devised to meet these special difficulties,

{2) E. G. KEnight, K, Freear and R, 8. Williams, ** A Study of Factors '
concerned im the Production of Clean Milk.’’ XKing and Sen, Ltd.,, Londen
(1920). See also ‘¢ Studies conecerning the Handling of Milk.’’ Ministry of
Aprieulture Bulletin No. 31. H. M, Stationery Office, London (1931).

(3) 8. H. Ayers, 1. B. Cook and P. W, Clemmer. ‘‘ The Four Essential
Factors in the Produetion of Milk o Low Baeterial Content’? U, 8. Depast-
ment of Agrienliure, Bull, 642 (1918).

(4) It would, perhaps, be desirable to give a conerete example of tho
point which T desire to emphasise. At saveral villages during my tour I
had opportunities of eseeing the methods adopted in cleaning wessels used
for milk. This usually consisted of scouring the vessel with a mixture of
earth and wood ashes, which was subsequently rinsed out with well water and
then stood in the sun. This method was usually pointed out to me as an
example of the dirty methods employed by the cultivator. Tt is however
quite likely that the results are, in practice, far more satisfactory than omo
might suppose. In the absence of soda and refined abrasives (which form
the basis of ordinary seouring powders) a mixture of ecarth and potash
{ashes) would form a echeap but efficient cleaning mixture, while the lethal
action of the sunlight might pessibly be found to destroy any contaminating
oragnisme left in the vessel after rinsing. But the point is that even a simpla
maiter such as this has net been investigated, so that no reliable puidance
can be given to the eultivator as to the directions in which his methods are
sound and the lines along which they might be further improved,
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In working out such a technique, two general problems are in-
'volved, In the first place it will be necessary to investigate the
utility of various tests under Indian condi-
-tions, A number of tests are already avail-
able ; for example, the Gerber * dirt ' test, the acidity and alizarol
tests, the ordinary test for keeping quality, the methylene blue reduc-
tion test and the plate count and coliform test. Each of these has
been found to have its special uses in Western dairying countries,
but the utility of each test would need to be investigated afresh
under Indian conditions. For example, the keeping quality test is
carried out in Great Britain at 60°F., a temperature obvicusly too
low for use in India. Again, it ‘would be necessary to determine
what relationship existed between keeping quality and tests such as
the plate count and methylene blue reduction test, since the normal
bacterial flora of milk in India may differ markedly from that of
more temperate countries. It would also be desirable to pay special
attention to the feasibility of devising special tests of quality for
use under village conditions, the essential criteria of such tests being
simplicity, rapidity and cheapness.

Buggested problems.

In the second place these tests would need to be applied to the
solution of the practical problems of clean milk produetion. Funda-
mental subjects for investigation would be the effect of different
Ymethods of eleaning and milking the cow and of cleaning and steri-
dising milk utensils on the quality of the milk produced. In this
connexion the diffieulties involved in the use of steam under village
conditions would need to be investigated, and alternative methods
such ag sealding and heating over a glowing fire (perhaps the origin
of the present ineffective method of smoking utensils) ‘would have
to be studied. In all such work loeal habits and requirements would
require -to be taken into account. For example, the various types of
milk eontainer have obviously been evolved to suit the special eircum-
stances of eollection and transport.. Thus for head loads a relatively
light eireunlar vessel is preferred, for bicyele transport square cans
(such as kerosene tins) are employed, while for hilly distriets long
narrow containers suitable for carrying on the back (and often con-
structed of bamboo) are used. The materials of construection include
earthenware, brass, copper, aluminium and tinned iron. Some of
these vessels are clearly of an unsuitable design for use as milk con-
fainers, but in re-designing them or in suggesting alternative it is
essentis] to ensure that the new vessels meet loeal habits of transport.
Apart from these special points, the influence of more general factors
would need ecareful study. For example, investigations wonld have
to be made into the extent of contamination of milk by dust and by
flies, the influence of these contaminants om the keeping quality of
the milk, and the means by which such contamination ean be avoided.
Again, the possible influence of the quality of the water supply on
the contamination of milk would need to be studied. Such investi-
gations would have to cover all seasons of the year, since the teehniqus
might have to be modified to suit the monsoon, hot weather and cold
weuther periods,
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These sugeestions are not exhaustive, but they serve to show the
very wide field of study which is urgently needing attention. Until
these various guestions have been properly investigated it is, in my
opinion, useless to attempt to give expert advice to the eultivator ox
gowale on methods of improving the gualily of his milk,

Moreover it will be equally necessary to show that the improvedp
methods are capable of application under village eondflt:onsbeand

that they result in the creation of a tien
il cenditione ®* market for the liquid milk. Attempts to
) foster improved methods of producing and
handling milk have been made at a number of centres, among which
I might perhaps make special mention of the Telankhen (lo-operative
Dairy at Nagpur, the Co-operative Societies at Parbatpur, U. P, and
other neighbouring villages, and Singhal’s Dairy at Itaura, U. P.—
all of which I wes able to visit personally. While these and similar
projects are doing useful work, I feel that their value would be
greatly enhanced if the productiou, transport and quality of the
milk eonld be more ecarefully and systematically studied in relation
to the methods of production employed. At present there is, for
instance, no reliable information regarding the quality of the milk as
it reaches the consumer, except in so far as this can be measured by
the number of complaints received and the trend of sales, With a
little organisation it should be possible to check the quality by more
accurate tests and so have an ohjeetive standard by which the suc-
cess of any fresh interprise or new technigue eould be judged.

Even if methods of production ean be improved the question still
arises as to whether milk for liquid eonsumption requires any treat-
ment beiween production and delivery to the
meh" W‘ °f  sonsumer. In this connexion it should be
clearly understood that in India the problems
associated with milk-borne disease do not normally arise. This is
due to the almost universal custom of boiling milk before it is con-;
sumed, a practice common to both the Indian and European popuia-
Lions. Conseqnently any processing which is earried out hetween
the production of the milk and its delivery to the consumer need have
o'lrllly Oﬁre object, namely, the improvement of the keeping quality of
the mi

This fact is of considerable significance in deciding at what
stage processing shonld take place. If, as in Western countries, pro-
tessing is largely employved as a safeguard against mifk-borne dis-
ease, the ideal method is to treat the milk (usually by the process of
pasteurisation) immedistely before it is bottled. 'This limits. the
npportumty of subsequent re-infection during handling. Such a
method is, moreover, eminently suitable for Western eountries, where
the relatwely low temperatures allow the milk to be kept in a raw
siate for comparatively long periods. In a tropieal climate, how-
ever, the temperature seriously affects the keepine quality. It has,
for instance, been found that milk stored at 100°F. will only keep

“ gweet * for about a quarter of the time of milk kept at 60°F.(5).

(5) Unpublisked data,




22

That is to say, mitk which would sour within 24 hours at 60°F. will
sour within 6 hours if kept at 100°F. It follows that under Indiarn
conditions any processing of the milk which may be neeessary shquld
take place as soon ag possible after production. This does not
.appear to be the present practice. \FPasteurising plants are usually
Iocated in the eities, the milk being transported in a raw state. It
is very questiomable whether such pasteurisation bas amything bot
a ‘ sales ’ value, especially as 1 observed that the process was usually
associated with the sale of milk in bottles—a form of milk distribu-
tion which is far too costly for the bulk of the milk consumed by the
population,

Apart from deciding at what stage processing should be earried
out,.the question arises as to whether such processing should be based
on heat treatment or on refrigeration or on both. A combination of
the two is, of course, ideal, since the number of viable organisms is
not only reduced to a minimum by heat treatment but is retained at
a very low figure by effective chilling. On the other hand this invit-
ably adds very materially to the eost. The following brief notes may
be made regarding the two processes. T

It has already been mentioned that the boiling of mik is an
almost universal praectice among all sections of the population i
\ India. This does not mean that all milk is
Processing by heat.  1d as boiled milk : the custom is to boil milk
in the household. At the same time much of the milk ‘which is sold
in the bazaars is boiled : such milk, is, in faet, frequently kept sim-
mering for long periods. In one survey 250 out of 340 seers of milk
which was sold daily through kelwais was heated milk(f),

Processing by heat has, of course, one great advantage in & sul-
tropical climate, since it is easier to keep milk hot than cold. It
was interesting to find that at certain Military Dairy Farms the
pasteurised milk is not eooled during the hot weather, but is sent out
hot in bottles. This practice, however, involves two difficulties. In
the first place it is now known that certain bacteria are not only able
to saurvive pasteurisation, but that they ean multiply at pasfeurising
temperatures. If milk is kept at swck temperatures for long periods
there is a risk of souring or spoilage as a result of the activities of
these bacteria. In the second place it ig ot yet known to what
extent continued heating affects the nutritive value of milk. This
question is of particular importance in regard to the bazaar prac-
{ice of simmering milk for long periods. In view of the widespread
nature of this praetice, it is very desirable that investigations should
be undertaken to determine whether such continued heating does
reduce the nutritive value of milk.

Turning to the general question of improving the keeping quality
of milk by heating it will be realised that, if such proeessing is tc
be carried out soon after production (as has been recommended ir
an earlier paragraph) it will necessitate the installation of suitable
processing plant either in the villages or at central collecting depot:

{®)R. L. Anand and A. Q. Aggarwala. ‘‘ The Milk Supply of Lahore.”
Punjad Board of Economie Inquiry, Publication No. 28 (1933).
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sitnated in producing areas. The requirements of the market will
decide swhieh of these two alternatives is feasible : for a milk supply
to a local town (say, 5 to 15 miles distant) the former is probably ihe
uteal ; on the other hand for city milk supplies drawn from distances
of 50 to 200 miles, central collecting depots would be necessary, partt-
cularly if the milk has to withstand a long period of transport. In
such eircumstances it would almost eertainly be essential to combine
heat treatment with refrigeration,

~If heat treatment ig to be carried out in villages, it is essential
tu devise a suitable smallscale plant for the purpose. Existing types
of equipment are too expensive and are not designed to meet the
special needs of a primitive village supply. It is, for example, desir-
able on hygieniv grounds that the container in which the milk is
heated should also be capsble of being used for the transport of the
processed milk. Otherwise with the relatively poor facilities whieh
usually exist in villages for sterilising utensils, there is a serious rizk
of contaminating the milk when transferring it from one container
tc another. Again, such a plant must be of simple design, easy to
operate and with as few mechanical parts as possible, since it will
have to be handled and repaired by relatively unskilled labour. The
nearest analogy in Western dairying is the scalding of milk in a
Jacketed container, a procedure which is perhaps erude but is cer-
tainly effective. The requisite temperature and time of heating of
the milk would, of eourse, have to be determined by experiment to
ensure that it suited Indian eonditions. A cheap and simple plant of
this character has in my opinion far greater potentialities for Indian
dairying than any of the more elaborate types of equipment which
are found on the market,

As regards heat treatment at collecting centres, equipment of
greater capaecity and more efficient design esuld be installed, sinee
the through-put of milk would be sufficient to meet the larger over-
head charges. But here again it should not necessarily be assumed
ihat the most effective combination of temperature and time of heati-
ing is that usuelly employed in Western countries, i.e., holding at
145°—150°F, for 80 minutes. Extensive experiment wounld be neces-
sary, using plants run on different principles (for example, holding
‘pasteurisation, ‘ fash’ pastenrisation, and high-temperature-short-
time pastearisation) and assessing the results by means of carefully
conducted laboratory tests. It would, in addition, be essential to
investigate the cost of processing. In one co-operative venture which
T inspected the installation of expensive pasteurising machinery
resulted in an annual deficit of roughly Rs. 6,000 on an averare turn-
over of only 300 th. of milk per day. In this instance neither the
tornover of milk nor the location of the plant(?) justified the in-
stallation of pasteurising equipment. Failures of this kind have an
unfortunate effecf in discrediting other and more legitimate attempts
to improve methods of handling milk.  This points to the urgent need

(7) This plant was sitnated at a large hill station where the temperature

conditione for the greater part of the year made pasteurisation quite nn.
neccasary, ’
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" for including in all siteh investigations a careful study of the costs ofx
' proeessing. . )
Milk ean be cooled by means of water or by artificial refrigera~
tion. So far as village milk supplies are concerned it is doubtfu}
now far artificial refrigeration ecould be sue-
Cooling and refri- gessfully applied. Small-scale refrigerating
geration. coolers are on the market(8), but for Indiau
village conditions they would probably involve too high & capital cost
and too great a cost of maintenance to be economically feasible. An
alternative method of refrigeration is the use of dry ice (solid carbon
dioxide) which is now being mabnufactured in increasing quantities
in India. It is likely that the cost of this would also prove prohibitive
for village use. The cost of * dry ice ’ is still considerable(?). More-
over the difficulties of transporting this product to villages and of
storing it there ‘without wastage appear to be almost insuperable.
1t seems therefore that water cooling is likely to be the ounly practic-
able method available for village milk supplies. It is, however, ques-
tionable whether such cooling would in any event be of practieal
value unless the milk could subsequently be trapsported in insulated
containers, since the very warm atmospheric conditions will guickly
raise the temperature of the milk to a level at which eontaminating
bacteria rapidly multiply. Although the subject is worth attention,
it seems likely that under village econditions the heating of milk will
prove to be a more effective means of ensuring a satisfactory keeping
quality than any attempt to cool milk. ' .

On the other hand artificial refrigeration should be of great
value in the transport of milk over long distances, as, for example, in
the despatch of milk from distant producing areas to large cities.
The technique of refrigeration under creamery conditions has beer
extensively studied, and many suitable types of plant are already on
the market. So far as Indian conditions are concerned the problems
of the large scale refrigeration of milk are likely to be concerned with
refrigerated transport rather than with refrigeration at the ereamery,
which presents few difficulties. The problems involved in transport
are due to the faet that during the hot ‘weather the internal tem-
peratures of unrefrigerated railway trucks reach extraordinarily
high levels. A series of tests carried out in runs between Bombay
and Jhansi in mid-May showed, for example, that the internal tem-’
peratures of railway trucks reached 120° to 130°F., and seldom fell
below S0°F.(10),

Several types of refrigerated transport might be investigated.
The use of refrigerated vans would probably be ideal, but costly. An
alternative would be the use of dry ice in specially constructed and
insulated churns, a subjeet on which certain preliminary experiments

(8) See, for instance, the Reports of the Agricultural Machinery Testing
Committee of the Ministry of Agrieulture. H. M. Stationery -Office,

{?) Figures obtained from Indian maunfacturers showed that ¢ dry iee’
conld be purchased at 2 to 234 annas per lb. A erudely made imsulated con-
‘tiamcr designed to store 220 Ib. of ¢ dry ice ' showed a 10 per cemt. loss per
ay. ’ ’

(1¢) Information obtained through the courtesy of the Railway Board.
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have already been carried out(11). A further-mlternative would be
the use of jarge insulated tanks, though it is very doubtful whether
these would prove safficiently effective under thie severe temperas
ture conditions of India.

The whole question of refrigeration is one which merits exten-
sive investigation. Great progress lhas been made in this direction
in the United States and otuer countries, and an effeclive method
of refrxgeratmn might well revolutionise the methods of handling
milk in a tropical climate. In this connexion I suggest that an
attempt should be made to combine the study of the refrigerated
transport of milk with the recent developments in refrigerated trans-
port sponsored by the army authorities. It is, however, again neces-
sary to stress the fact that in & country hke India the prime cou-
sideration is eost, and that ne method eould hope for exten:ive
employment unless it involved an absolate minimum of expenditure.

Wihile the problems involved in the produetion and processing
of milk are considerable, their solution will be valueless unless a
rne disteibution of satisfactory means of — distribution is  also
milk, evolved, for the handling of milk during dis-

tribution provides unlimited opporiurities for
its re-contamination and adulteration. So far as specific methods of
distribution are coneerned, the great varlety of conditions in urban
and rural centres of population makes detailed recommendations im-
possible, Thus in some sreas it is usual for all milkk to be sold in
bazaar shops ; in others some of the milk is delivered to the pur-
chaser’s house and some is bought at retail shops ; in others, again,
the cow is driven from door to door and milked in the presence of
the customer. All that I ean do here is to indicate possible methods
of ensuring that the cleanliness (7e., lack of dirt) and purity (ie.,
absence of adulteration) of the milk is retained throughout distri-
bution, keeping in mind the paramount necessity of low cost. The
applieation of such methods in practice must be worked out to suit
local conditions and practices.

The need for serupulous eleanliness in handling mills has already
been stressed. In the distribution of milk, however, grosy carele-s-

ness and ignorance 1s frequently  observed.
Hyglenic aspects, AMilk eenfainers are left open to flies and dust.
The mepsuring vessels are w vithout handles, and after use are allowed
to stand in a pool of milk drinpines untll again  required. The
quality of the milk is judeed by dipping the fingers into the vessel
and allowing the milk to run back into the bulk. These and other
similar practices are common, and undoubtedly lesd to serious con-
tamination, with a resultant deerease in keeping qualitv, This pro-
hably aceounts for the prevalent habit of allowing milk to simmer
yntil sold.
| The present tendency is to adverate the introduction of modern
‘Westernn methods, suelt as pastenrisatron and hottling, as the ideai
‘method of milk distributicn. T do not eonsider that sueh methads

(11) Tt was stated hy one marufnebirer that @ Th, of ¢ &y ice’ was sufk-

cient to keep one maund” (8(: by of milk cold for 24 hours.

H3¢ICAR D
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-are capable of attainment in India for very many years. 1 ame
‘indeed doubtful whether, in view of the dietary habits of the Indian
population, they are ealled for at all. But in any event it i, 10
believe, fundamentally unsound to endeavour to repiace the pre ent
grade and primitive methods of. distribution by the most modern
‘processes which have only been introduced into wealthy ecountrics
like Great Britain and the United States within the last thirty years.
It is no use trying to teaeh the Indian dairy industry to run before jt-
ean walk. '

For the mass of the population some form of * loose ’ milk dis-
tribution appears to be inevitable. The ‘loose’ delivery of mili
has been condemned in Western countries on account of the risks of
spreading miliki-borne disease('*). It has already been pointed out’
that this argument does not hold for India. The problem in India
_is, therefore, to devise a cheap method of ‘loose’ milk delivery
which, while not perbaps attaining an ideal standard of hygicne, will
eliminate gross forms of contamination. For this purpoze one might,
I thitk, take as a model the methods and utemsils almost universally
employed. in Great Britain about thirty years ago and still found i
eommon use in the smaller country towns and villages(13}.

The possibility of applying such methods of mitk distribution
under Indian éonditions would need to be investigated under cere;
fully controlled conditions, and modifications would probably require
to be introduced to meet local vircumstances. Ilere, as in the prob-
Iems of milk produection, mueh work of an apparently elemoniory
nature needs to be done. But until cheap and satisfaztory methods
have been worked out and tested nnder practical conditions I do not
think that any improvement in existing methods of distribution can
be looked for.

A short reference should, perhaps, be made to the ° itinerant ’
eow, 2.¢., the animal whieh is taken from door fo door and milked in

. the customer’s presence. In theory this method has two great ad-
vantages. The milk is always delivered fresh, and the milking of
.the animal in the presence of the customer checks adulterat’'on. In
practice the method is. however, open to serious objection. It entails
the housing of cattle in urban areas, which is undesireble on public

(1) E. ¥ Brown and Leland Spencer. ¢ Ts Loose Milk a Health Hagard t 77
New York City Mifk Commission, 1931,

(1#) This consists essentinlly of using a milk can with g wide mouth, for
ease of elenning ¢ a hinged Hd which protects the milk during transit and
which cannet he removed and placed on a dirty and contaminsted surfaee while
mitk s withdrawn frem the ean ; and imternal metal bhands on which the
handles of the measuring wvessels may he hing

tles s g, agaid preventing exiernal con-
tamination from spilled milk or flies. Sueh a milk ean may be purehased com-

paratively cheaply, f.e.. from Re § to Rs. 10. I do not faveur the use of tapy
under Indirn conditions. They ave diffieult to clean and sterifise, and do
Lot overcome the diffieultics involved in the vontanmination of mensuring veasels,
Morveover the f‘nt of Imdinn cows’ and buffalees’ milk tends to rizse to the
furface very quickly, so that ‘milk drawn off from a tap is linble to have a low
fat.:'mltent. In the simpler tvpe of can the measuring vessel (which is in-
v;m:ﬂlnly provided with a handle) mav be used to stir +he wmilk and this ensures
® lm‘wfnrm distrihution of fat (hre thi: belk. The ean and meagaring |
¥essel can be readily sterilsed in siald wmg witer. . L!‘\
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health grounds. It is questionable whether milk production and
distribution under sueh conditions is economic. The practice has
all the disadvantages of the *eity stable’ system without the
advantage of centralisation—i.e, reduced labour eosts, the purchase
of foodstuffs in bulk, ete. And finally, since the greater part of the
milk-fat is contained in the ¢ strippings ' the customer is apt to be
defrauded of & valuable part of the mitk{t*).

The second essential in milk distribution is to ensure the purity
of the milk, by which I mean the absence of adulteration. It 15, [
" think, wuniversally recognised that the pre-.
“:Lll'ﬁ:ﬂ;?&%?nuon °f valence of adulteration constitutes one of ihe
most urgent and difficult problems of milic
distribution. Table 12 shows the collected figures relating to the
adulteration of milk samples examined by provincial authorities{1%).
It will be scen that from 19 to 66 per cent. of samples are adalterated.
‘Lhere is, moresver, no indication that the number of adulteraled.
samples is decreasing. The mean amount of water added is diffiewst
to assess, but Table 13 probably provides a fairly representative
example of the figures gemerally obtained in analytica] labora-
lories(19)., Apart from the detrimental reaction of adulteration on
the sale of milk through distrust on the part of the eonsumer, this
practice has the virtual effect of reducing the market for milk, since
for every unit of water added an cquivalent guantity of milk {ails
to be sold. Assuming that milk is, on the average, adulterated to the
extent of 10 per cent. of added water, the financial loss to the dairy
industry amounts to ¢ver 10 crores of rupees(17). This is, perhaps,
an over-gstimate, since adulteration is partly practised in order fto
enable the seller to reduce the price of milk and thus increase his
sales. It is, however, sufficient to indicate the magnitude of the
issues involved. What can be done to remedy the position %

One of the predisposing causes of adulteration has already been
mentioned, namely, the necessity of keeping the price of milk within
the purchasing power of the consumer. 1t is obvious that unless mili”’
distribution can be put on to a paying basis adulteration is inevii-
able. This subject will be dealt with in a later chapter and in
Appendix IT. But apart from adulteration due to sueh economie
difficulties, there is no doubt that wilful dishonesty plays a consider-
able part in the matter : and =0 long as the dishonest vendor can
inerease his profit without any serious risk of proseeution or punish-
ment, the praectice of adulteration will increase. Tn this epnnexion
I should point out that appropriate legislation exists in practreally
all municipalities by which convieted personv ean be punished. The
difieulty is that this legislation is not applied effectively. Offenders
are frequently not proseented, and if prosecuted the fine imposed is
quite insufficient, to act as a deterrent. Suck a position cannot be

{14} 2. R. Kothavalla and eo-workers. ¢ An Iuvestigntion into the Varia-
tion of Fat and Solids-not-fat in cows' milk drawn sl different times Auring
the Process of Milking.”’ Jowrn. Cemd. Bur. Animal Husb. end Dairying, =,
122 (1030, ‘

(15) Figurcs obtained from the Publie Iealth Commissioner, New Delbi.

(16) Figures obtained from the Prevircial Marketing Offierr, Rengal.

(17) Nawmely 10 per ceat. of 107 crores of rupees (sce Table 10).

- D2
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dealt with by recommendations of a technical character and lies out-
side the scope of my report. ‘

1t is, however, legitimate for me to indicate the lines along w uluh
improv ements might be effected in certain technical aspects of adul-
teration. In the first place 1t 1y nceessary to have reliable methods
for the detection of adulteration. For this purpose it is essenlial
that standardised apparstus and tests should be employed. At no
centre did 1 tind standardised apparatus in use. Yet considerable
arrors may be made through the emplovment of, for example, un-
slundardised butyrometers and lactometers. Specifications are now
available for standerdising these instruments{"}, and it shouid be
made obligatory te use apparatus of approved design in earrying
out all official tests. Further, existing econversion tables for the
determination of total solids in milk are based on the milk of
Europesn breeds. It is essential that similar tables should be worked
out for millk derived from Indian breeds of cattle and from bhuffaloes,

In the second place, attention should be given to the actual
standards laid down in milk legislation. These have been formulated
Milk standards. without a sut'ﬁeien_t basis of 1'aci.;, and more-
over, show a serious lack of uniformity
thronghout India. The Imperial Council of Agriculturali Resear:h
are endeavouring to remedy this position by formmnlating a set of
standard regulaiions which might be adopted by provineial govern-
ments and municipalities. 1 consider that this is a most useiul
contribution fo the problem. I feel, however, that further informa-
tien is required on eertain aspects of the subject before any fual
recommendations should be drafted.

Standards for milk may be based on one of two methods. An
arbitrary standard may be laid down to which all milk must conform.
Alternatively milk may be legally defined as the unaltered lact-al
secretion of the cow. In practice these two standards may be com-
bined, as, for example, in QGreat Britain where thore are * presump-
tive 7 standards below which milk is presumed to have heen adul-
terated.

The difficulty of accepting an arbitrary standard is that it takes
no account of the normal day-to-day variations in the composition of
milk nor of the fact that the quality of milk secreted by different.
animals of the same breed may vary. It has, for example, been
shown in Great Britain that the frequeney with which a bulk sawmyple
of milk falls below the presumptive standards of 3 per cent. fat and
8.5 per cent. solids-not-fat depends on the number of cows in the

(19) ¢ British Standard Apparatos and Methods for Determining the
Percentage of Fat in Milk and Milk Products by the Gerber Method, Part 1,
Apparatus ; Part TT, Methods 7 ¢ ¢ Rrifjsh Stundurd Specifiention for Jlonsnv
Hydrometers for use in ‘\I:Ik”: and ‘¢ British Standard Specification for
Tlouting Paairy Thermometers.”” Published by the Briiish Standards Institg-
tion, London, as Bulletins 693, 636 (Parts I and II) and 734.
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herd(20). With a large herd the mixing of milk from a number of
cows tends to even out any abmormally high or low values, so that
the average values for the mixed milk tend to fall slightly above
the presuraptive standards. With a small herd, on the other hand,
one or two animals which give abnormally hlgh or abnormally low
values will seriously affect the average values for the milk. In spite
ot the fact that such milk is genuine, it may frequently fall below
the presumptive standards. This point is of particular significance
under Indian conditions, where milk is frequently derived from a
very small group of animals. The only known method of overconuing
this difficulty is to use the so-called ©* freczing-point ’’ method of
testing the milk. This test is almost infallible as an index of the
genuineness of milk. The present *‘ freezing-point ’’ values have,
however, only been worked out for European breeds, and the method
would therefore have to be tried out extensively on the milk of Indian
cattle and buffalees before it could be applied to Indian condi-
tions (21},

One further point might be mentioned. At present ther: are
dual or even triple standards for milk, corresponding to the average
composition of cows’ milk, buffaloes’ mllk and mixed milk. This.
I am informed, leads to considerable difﬁcultieq in the detection and
prevention of adulteration. An alternative would be to fix a single
standard for all types of milk, This would of course need to be a
relative]y low standard, and would enable milk of high fat content
to be ¢ toned ’ with separated milk. Separated milk is “of great value
as a bupplement to the Indian dietarv on account of its high conteut
of * first-class ' protein and mineral constituents. Tt may 1oo be
noted that in their recommendations, the Technical Nutrition €om-
mittee of the League of Nations(22) suggest that 3.0 to 3.5 per cent.!
is the optimum fat content of milk so far as nutritional require-
ments are concerned. Moreover the © toning ' of milk with separated
milk has none of the disadvantages of adulteration with water, since
the nutritional value iz not reduced, while the cost of milk would be
cheapened. It has been objected that the Indian population favour
a high fat content in mill, but I understand that this is largely due
to the faet that many families make ghee in the home because they
sannot purchase unadulterated ghee in the market. If ghee adul-
teration could be prevented, and a produet of guaranteed purity
could be placed on the market, the need for liquid mitk of high fat
content would disappear. The provision of a single standard for
milk might be open to abuse, but, in view of the ’high nutritional
value and the cheapness of ‘ standardised ’ or ¢ toned ’ milk, the
sugrestion does, T believe. 'warrant eareful consideration.

(20) J. F. Tocher. ¢¢ Varintions in the Composition of Milk'’ H, M.
;Stat:onerv Office, Edinburgh (1025).
¥ (21) It has heen Ob]ettEd that deferminations of the ‘¢ freezing-point **
present special difficulties owing to high . atmospheric temperatures and the
consequent difficulty of wsing ether, Such diffieultios should not be insuperablie,
especially in view of the imercasing availability of ¢ dry ice %,

(22) ¢ The Problem of Nntrition, Volume TI. TRepart on the Physiologis
tal Basey of Nuttitlon.”” (League of XNations Publication, 1926.)




30

CHAPTER IV -—The Manufacture of Bufter and Ghee.

It has been pointed out that the manufacture of ghee is of
special Importance in Indian dairying economy, sinee this produet
- leaves the greater and most valuable part of

the milk—the non-fatty solids contained in

the laszsi (or butter-milk)~—for the use of the
cultivator and his family, This also applies 1o the production of
“ eountry ' butter. ' Creamery ’ butter leaves separated milk as a
by-product, but under present conditions most of this is utilised in
the manufacture of easein, and is thus lost as a nutrient.

Siuce ghee making leaves the greater part of the milk with the
cultivator it cannot be expected to yield an economie return, Valued
at, say, 9 annas per 1b.(!}, ghee gives a cash return of Rs. 3.6-0 per
. 100 1b. of milk, while the same quantity of milk gold liquid at
-1 anna per lb.('} would give Rs. 64-0, or roughly twice the sum

realised for ghee. Yet far more milk is utilised for ghee manu-
facture than is sold for liquid consumption (Table 2).  This is,
of course, partly due to the faet that cultivators situated in areas
renote from towns cannot market their milk in a raw state, though
this market is in any event very limited. It is also partly due to
the fact that ghee production meets the special needs of the eculti-

wator, sinee it provides him with a cash sale in addition to leaving
" him the lasst.

thpared with ghee, the output of beth ‘country’ and
* creamery ¢ butter is very small, as shown hy the following figures.

Relative importance
of butter and ghee.

Quantity of Percontage of

Product. milkk used in  total produe-
production. tion.
‘ {maunds).
Ghee .. . .n - .- 253,700,000 9729,
' Country ” butter . .. . 9,036,000 2-5%
‘Creamery’ butter .. . .. 1,304,000 0-39,

Moreaver ¢ country * butter is chiefly used for the home production
of ghee (in order to avold purchasing an adulterated product), so
that the use of butter per se is almost negligible.

Tn the present chapter I shall deal mainly with the proeduction
and macketing of ¢ eountry ’ butter and ghee. A short aceount
of the production and marketing of ¢ creamery ’ butter will, how-
ever, also be included. ‘

As ¢ country ” hutter is invariably an infermediate product in
the manufacture of ghee it will be hest to deal first with its pro-
duction and properties. ¢ Country ’ butter
Is most commonly obtained by churning whole
nilk which has been allowed fo sour, usually
after addition of *starter * frem the previous day’s bateh. The

Production of
* country 7 butter.

{1} Retail prices,
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soured milk or dehi is broken up and poured into the vessel in which
it is to be churned, additional wator being added if necessary io
reduce the consistency of the mass.  The milk Is churned with a
rotating wooden pole to which beaters are attached, this pole being
rotated by a smali piece of rope which is twisted round it and pulled
alternatively backwards and forwards,  After 15 to 20 minutes the
dahi starts * brealung ’, and water is added to assist the separation
of fat, which rises to the top of the mass in the form of grains. This
is usually over-charned to collect it into lumps. Excess butter-
milk is pressed out by hand.  The daily outputs of butter are allowed
to accumulate over several days before sale or couversion into ghee.

* Couniry ’ butfer is invariably colourless. Owing to the fact
that it ecannot be colleeted into grains it is nmever washed during
manufacture, and it consequently contains a relatively large pro-
portion of casein, and is greasy in appearance. It has an actd taste
and a ruma, the acidity increasing with the period of storage.

Sinee ¢ couniry ' butter is an intermediate product i the manus
facture of ghee, the question whether it is worth while to try w
improve ity prodaction must depend on whether such improvement
will favourably afiect the quality of the ghee.

Ghee itself is essentially clarified butter-fat. It may be produe-
ed from ‘ eountry ’ or from °‘ creamery’ butter. 'The latter is a
relatively common procedure in certain dis-
tricts of North DBihar, where mechanical
eream separators have been extensively installed.  The butter is -
hoiled over a medium but‘steady fire, i)eing stirred until the mass .
is melted. After boiling for some time a muddy coloured senm
gathers on the surface and is removed with a perforated ladle.  The
etfervescence gradually diminishes as the moisture econtent is re-
duced, while particles of eurd {(casein) are seen to rise and cireulafe
from the bottom of the pan. At this siage a characteristic aroma
is noticeable, and this is an indieation that the ghee has been sufii-
ciently heated.  After settling and cooling for some hours, the ghee
is removed to separate containers {either to small earthern pots
or kerosene {ins) for sale. The casein residue is found as & semi-
solid mass at the bottom of the pan, and represents about 0.5 per
cent. of the ghee,

Production of ghee,

For large supplies of ghee (for example, to meet army require-
ments) the product may need to be refined and blended. This is
carried out by testing individual consiznments of ghee, deciding the
proportions of each necessary for the required blend, and then mix-
ing the bulk in heating tanks. The reheating not only enables
blending to be effected, but assists in the refining proecess, the
mixed product being re-filtered before packing for storage or dis
tribution. :

Ghee is judged partly by its dprearance and texture and part-
Iy by its taste and aroma. 1 should have a slirht vellowish eclour.
It should have g fine granular texture and s\hould be neither greasy
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nor waxy. The aroma of well made ghee is typical and ifs taste
glizhtly aetd. There should be no taints or abnormal flavours.

1 have feli that it was desirable to include this short aceount of
the production and properties of ghee before dealing in detail with
possible methods for improving its manufacture and quality.

In the country method of production up to 10 or 15 per cent.
of fat may be lost although sueh fat is, of course, actually retain-
ed in the lassi and consumed by the culti-
vator’s family. But this involves an equi-
valent loss of cash returns from the ghee, an
important item for the cultivator, The first direction in which
improvement might be effected is, therefore, in the total out-turn,
It has been sugzested that the use of the eream separator will result
In a greater out-turn per unit of milk. Two sets of workers claim
to have obtained increased yields by the use of separators and of
modern methods of churning(?). In neither instance, however,
are the results based on a sufficlent number of tests to justily the
authors’ conclusions. A method based on an entirely new prineiple,
that of separating the milk, reseparating the diluted cream, and
making the ghee direct from the re-scparated product (i.e., omitting
the intermecdiate step of bmtter-making) has been published recent-
Iy(®) and is under test at the Imperial Dairy Institute. Both
these methods have, however, the disadvantage that the by-product
from manufacture is separated milk and not Ilgssi. I am informed
that the Indian villager prefers the latter as a beverage, although this
may only be the resnlt of a very comservative taste. The difficulty
miﬁilt be overcome by making a skim-milk dehi from the separated
milk.

A more findamental difficulty is involved in the relation between
total out-turn and quality. It is essential that quality should not
be sacrificed in efforts to obtain higher yields of ghee, for this would
merely result in a Jowered market value for the produet. Experi-
enced merchants state that ghee made by the * separator ’ method is
inferior in quality to ghee made by the ¢ country ’ process, and that
the souring of milk in the latter process imparts a particularly
acceptable flavour.,  Only one series of well-controlled experiments
ean be fonnd in the literature on the subject(®), and the report of
this series bears out the above contention, the anthors stating that
““ the distinetive aroma was present only in the ghee prepared from
daii (soured milk) ’*, The same authors obtained a larger out-
turn of ghee from sour than from fresh milk. It might also be

(2) A, K, Y. Narayap Aiver. ‘¢ Metlods of Butter-making Tocal and
Improved.’’ Dept. of Agrieulture, Mysore State, Bull. 9 (1916) ; Z R. Kotha-
valla and 8. Cox. ¢ Results of the Experiment in Ghee making by the Country
and Beparator Methods,”” Journ. Cent. Bur. Animal Husbandry and Dairying,
1, 05 (1987,

33 M, P, French. ' S8ome ohsgervations on  the Mcthods of making
Clarificd Butter (Ghee) with seme Notes on & gew Method.”’ Bull. Imp. Inst.
34, 21 (1038).

(#YA. D, Stoward and N. 1. Banerjee. ‘¢ Some observations on the
propress of making Ghee, and its effeet on the Legel Standards.’”  (1829),

The outturn and
guality of ghee.
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&

mentioned that the use of the ‘ country ' method has one other ad-
vantage, in that the dahi does not deteriorate if churning has to be
unduly delayed. Elasticity in point of time is a valuable factor
in fitting the method into the programme of agvicultural operations,
which sometimes occupies the entire time of the cultivater and his
family.

It is apparent that the whole subject of the relation of the out-
turn and quality of ghee to the method of manufacture requires
thorough re-investigation, Such investigation should be carried out
on an adequate scale and, as far as possible, with wmethods of control
of quality baszed on objective tests.

This raises a further point of great importance in relation to
ghee making. At present no information is availuble regarding the

factors concerned in the quality of ghee :
quflai':;?m BHOCHDE  \(hether, for example, the flavour is dependent

on the free acid content, cn an incipient break-
down of fat constituvents through bacterial action or heating, or on
other factors not directly coneerned with the fat constifuents. It
is interesting to find that the army requircments (so far as quality
is concerned) are based on the acidity of ghee, the standard value
being under Y points(5), ghe¢ with an acidity between 9 and 11
points being aceepted for blending, and ghee having an acidity in
excess of the latter value being rejected.  Table 14 shows the results
obtained with a series of samples tested during 1935-36. It will be
seen that the greatest number of samples had acidities of between
7 and 9 points. and it may be taken that this represents typical
results for a ghee of a very good quality. It is instruetive to note
that the acidity of © ereamery * butter should not exceed 3 to 4 points,
& value given by only 3 per cent. of the samples of ghee.  This may
perhaps aceount for the disfavour im which ghee produced from
creamery butter is held by experts.

It is almost certain that the greater part of the acidity of ghee
s developed during the initial souring of the milk and the storare
of ¢ eountry ’ butter prior to ghee making. It is, however, interesting
to find that the acidity of ghee itself inereascs during storage in
spite of the low moisture econtent of the produet. Figures obtained
from the Military Food Laboratory, Kasuali, show that ghee may
inerease in acidity by as much as 7 points over a period of two years'
storage, the increase being more rapid in the hot weather than at
other periods of the year.

Another peoint of importance in relation to the produetion of
ghee is the seasonal variation in the quality of the produect. It iy
stated that the best ghee is produced between November and March,
and that ghee produced during the monscon period is of definitely
inferior quality. Again, most ghee is of mixed origin in that it is
derived from the butter-fat of both cows and buffaloes, but distinct
local preferences exist for ghee in which the fat of one or the other

(8) A ° point * of acidity means the amount of acid, veckoned ag oleie

acid, contained in 10 grama of a sample of ghee which is exactly neutralined
by tenth nermal sodium hydroxide. Thig is 0.28% per cemt.
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prodominates,  Neither of these points has, so far as I can ascertain,
been investigated in guy detail, although the implications are of
considerable econemic importance.

This general discussion serves to illustrate the very large field
open (or u-eful investization.  The effect of process of manufacture,
of temperature, of heating, of season of the year and of conditiony
of storage n the vut-turn and quality of ghee, and the chemical and
physical facters affecting flavour, palatability, and texture {a yues-
1tion which I have not dealt with) are all practically unexplored sub-
Jeets.  Mereover 1t is on s<ach investigations that any future im-
provements in technique and methods must uliimately be based. 1
consider that the jmpuortance of ghee in the dairy economy of the
couniry justifies extensive study of the many problems conneeted with
its prodmtion and properties. 1 sugeest that in any such study,
the co-operation of the Military Focd Lalmrltorv Kasauli, should be
wought, sinee this institition has had a unigue Opportunity of investi-
gating methods of control of ghee quality.

Any attempts to improve the quality of ghee will be largely
abortive unless adulteration with eheaper and inferior fats can be
cheeked.  Constant statemenfs were made to
me that it is practically impossible to pur-
chase unadulterated ghee on the open market,
Official figures lend support to this view, It will be seen from Table
15 that from 7 to 65 per cent. of officially examined samples are
classed as adulterated.  This table shows, moreover, that adultera-
tion 1% not being checked ; in several instances it appears in faet to
be on the increase.

There are no figures available which provide any estimate of the
average amounts of adulierant added to ghee.  The chief fats used
are banospatine(®}, charbini(7) and certain pure vegetable oils such
as groundnut oil, eoconut oil, and cottonseed oil. A very rough
estimate of the guantities of adulterants used may be obtained from
ficures refating to the quantities of these products available in India.
Banaspatine is produced at five factories. The potential capacity of
these factories is stated to be 33,000 tons per year but the present
output probably dees not exceed 25,000 tons.  In addition to this
about 1,000 tons are imperted from foreign sources. It is the opinion
of some of the manufactures that about 90 per cent. of the total
supplies (or 23.300 tons) are used for the adnlieration of ghee. As
regards eharbini, no dircet estimates are available, but an indircet

caleulation from ike figures for the annnal produetlom of hides in
India(3) indicates that thiere would be available at least 11,000 tons

(8) Under the Ponjab Ture Food Aect, 1929, banaspatine means any articie
of food, whether mixed with ghee or not, which resembles ghee, but is derived
from vegetable fat and covfains no apimal fat other than milk fat. It is
usunlly referred to as wegelable ghee, and contists largely of hydrogenaied
vegetable oils.

(7) Under the Puniah Food Act. 1929, charbini means any artiele of food,
whetier mixed with ghee or mot. which resembles ghee or banaspatine, but
coltaine animal fat other than milk fat.

(8) Figures taken from the Hide Cess Enquiry Commiites’s Report, 1930,

The adulteration of '
ghes.
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of churbint per year. Figures for the production of other Indian
vegetzble olis available for the adulteration of ghee cannot be gauged
with any aceuracy. At o very rough estimate one might perhaps
place this guantity at 15,000 tems. This would bring the total
amount of available adulterants to just under 50,000 tons, or
1,400,000 maunds. The annual production of ghee is estimated at
25,000,000 maunds. The amouut of adulterant available would thus
work out at just over 0 per eent. of the total out-put of ghee. At
a retail price of Rs. 32 per maund, the amount of genuine ghee re-
placed by adulicrant would represent over 3 crores of rupees. [t
is probable, in view of the results of analywes already referred to, that
this greatly underestimates the loss to the dairy industry as a result
of the adulteration of ghev. I adulteration eouid be checked this
additional incomwe eomld be added to the wealth of the countryside,
with consequent advantage to the rural population. It may be
mentioned that bunaspatine can be purchased at from Rs, 10 to Rs. 12
per maund and cherbdind at from Rs. 6 to Re. 12 per maund, as com-
pared with Rs, 25 to Rs. 40 per maund for ghee.  Adulteration is
therefore a very paying proposition for the dishonmest merchant.
As with the adualteration of lquid milk, part of the difficulty’
in checking adulleration is due to lax administration of the law, a
subjeet which 1 have dealt with in the previcus chapter. But the
absence of quiek and reliable methods of detecting adulteration i3
also partly responsible for this widespread practice, A brief dis-
cussion of this latter aspect of the problem is therefore desirable.
The present offielal standards for ghee dre based on the refrae-
tive index and the Reichert-Meissl value, the latter giving a measure
of the volatile fatty acids present in the fat.
The actnal standards vary somewhet from pro-
vinee to province. In the Punjab and in
Bengal the refractive index(®) is fixed at 40 to 42.5, in Bihar and
Orissa at 40 to 42, and in the Central Provinces at 40 to 46. The
standard Reichert-Meiss] values are between 24 to 32 for the Punjab
and between 19 {o 36 for the Central Provinces. In Madras Presi-
deney the valne may not fall below 20, and in Bengal below 24, while
in Bihar and Orisaa there are separated minimum values for ghes
produced from cows’ milk (i.e, 24), buffaloes’ milk (ie, 30) and
mixed milk (7.e., 28). The latter value corresponds with the army
specification, Tt may be mentioned that the common adulterants
have low Reichert-Mas<l values, but variable refractive indices,
animal fats having higher and coconut oil lower values than those
of penuineé ghee. Tt will he instructive fo examine typical figures
for ghee given by different anthorities.  As regards refractive index,
workers at the Tmperial Dairy Institute(19} have given values for
11 samples of village-produnced ghee from 42.8 to 43.4.  The extreme
values recorded for ghee pI‘OdUL(‘d frow the milk of individual breeds

Detection of adul-
teration,

{®) Expressed thmn"‘hout as 1>u13r> ref ractometer remhngs at 40°C,

(30) 8. D. Sunawals and %. B, Wothavala. ‘¢ Study of the Various
Btundiards adopted for the Examinttion of Indian Butter and Ghee!” Adgrw
and Live-stock in India, 5, 450 (1933).
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were 43.0 and 45.1. No consistent differences were observed between
ghee obtained from cows’ and from buffaloes’ milk, These workers

zgest that the standard should be fixed at 42.0 to 45.5. The army
authorities specify cxtreme values for genuine ghee¢ as being 40.0 to
425(1). A third group of workers(1?) find values varying hetween
40.0 and 44, the majority of samples falling betweeén 42 and 43. The
frequency distribution of these various values are shown in Table
16. Similar differences are found in the Reichert-Meissl values re-
corded by these three authorities. Such differences are, perhaps,
attributable to the faet that the Reichert-AMeissl value of the fat of
cows’ milk differs from thut of buffaloes’ milk, the former having
a value of around 26 to 28 and the latter of well over 30. This
difference is shown clearly in Table 16. The first group of workers
were dealing with specially prepared samples of cows’ and buffaloes’
ghee, with the consequence that the results show two maxima. The
second group were handling ghee which was chiefly obtained from
Indian States on the western borders of the United Provinces, where
buffaloes predominate. The third group probably obtained their
samples from the eastern section of the {Inited P’rovineces, and from
Bihar, where eows tend to predominate.  This explanation does
not, however, aceount for the marked differences in the ranges of
refractive indices observed by the three sets of workers,

This discussion is sufficient to show that even in the two tesis
normally used as standards there are considerable differences of
opinion regarding the range of values of genuine samples of ghee.
Variations due to loeal differences of climate and fodder, to season of
the year, and to method of mapufacture and storage have not been
studied in any detail. Nor have other supplementary tests been
fully investizated. In this econnexion it may be mentioned that the
need for a quick and simple method of determining adulteration will
become urgent if proposals for the grading aud improved marketing
of ghee materialise at an early date.  Af present I understand that
private merchants are charged exorbitant fees if they obiain the
assistance of official analysts in the examination of their ghee, while
the length of time taken for such examination makes purchase on
a quality basis almost impossible(??). [ consider, therefore, that,
in view of the important issues involved, special attention should be
given to the re-investigation of methods of analysis of ghee and to
-the formulation of standards suitable for use in various parts of
India.

Any diseussion of the adulteration of ghee would be incomplete
without reference to the conditions of sale of b(inaspatz'ne. ‘Al-

though this product is largely used as san
Bale of banaspatine. adunlterant of pure ghee, it is also on sale ander

the name of ‘ vegetable ghee * or even as ‘ ghee .  As a cheap source

(11) Figures obtained from the Military Food Laboratory, Kasauli.

(12) N. N. Godbole and Sadgopal. ‘¢ Butterfat Composition, Nutritive
¥alue, ete.” Benares Hindu University, 1930.

{13) It is stated to be not uneommon to have to pay s fee of Ra. 16 per
sumple, while analysis may invelve a delay of 7 to 14 days.
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of fat this produet cannot be objected to ; the case is equivalent to
that found in Western countries, wihere butter and margarine are
both marketed. The objection arises when the vegetable produet
is nsed to adulterate the genuine one, or when it is sold under a name
{(such as vegetable butter nr vegetable ghee) which is apt to deceive
the customer as to its real origin and compositiocun. In Western
countries the latter difficulty has been met by providing legislation
which prevents misrepresentation. Thus under the Food and Drugs
(Adulteration) Act, 1928, it is specifically lald down in regard to
margarine that <° the Minister shall not approve any name ......
if it refers to or is anything connected with the dairy interest ',
while every package containing margarine must be distinetively
tabelled (14). 'This enactment has been most effective in prevent-
ing vendors from selling vegetable fat substitutes or butter mixtures
as dairy products. { suggest that similar legislation regarding
ghee and its vegetable substitutes would prove of great value in
meeting the present difficulties of vendors of genuine ghee. Such
legislation might also include regulations for the rvegistration of
banaspaline factories and of all consignments of this produet(i®).

Even if ghee of better quality and of guaranieed purity can
be produced it will still be necessary to develop improved marketing
facilities. At present the ghee producer is
The marketing of y..4icapped in two directions.  Firstly, he
ghee. . .
is frequently out of reach of a convenieut
market at which he could dispose of his produce{'®). The con-
sequence is that he either has to store his output for prolonged periods,
with consequent lowering of quality, or he has to deal through middle-
men, who fail to give him a fair price and who frequently adulterate
the ghee in order to increase their profits or reduce their prices.
Moreover any sueh reduction in prices hits the producer who is able
to sell the gennine article, since he i3 foreed to sell his pure produce
at the lower rates. It is clearly desirable that additional markets
should be established so that every ghee-producing area is adequately
provided for,

Secondly, the producer has no means of getting his ghee graded
and tested for purity, so that whether tle quality is good or bad,
whether it is adulterated or pure, he still receives the same price.
Under such eircumstances there is no encouragement to produce a
better article.

It appears therefors that the establishment of ghee grading
centres is urgently ealled for. Legislation is now available(17)
under which Government can prescribe official standards for the
grading of certain classes of prodncee, among which are included milk
products. I do not consider, however, that grading alone wonld

(14) 18 and 19 Geo. 5. Ch, 31, Sections 6 and 23,

(15) Ibid., Sections 8 aud 9.

(16) Instances were quoted to mkc of producers who were more than 100
miler from the nearest market.

(17} Agricultural Produce (Grading and Marking) Act, 1937,
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prove effective ; it would probably be necessary to encourage tha
establishment of blending and packing statioiss, pernaps on tue lines
of the Miitary Ghee Heating Centre at Agra.  Such stations might
be organised on a ec-operative basis, by private individuals or by
Governent itself.  Co-operative erforts huve already been made in
this direction, notably in the United Provinces where several (fhee
DMerchants’ Associations have been formed, But the present orga-
nisations hardly go far enough in the diresion of grading and of
blending, nor are the resuits of the laboratory tests always trust-
worthy.,  In sueh developments it is esseniial that Government should
take the lead and should itself provide facilities for the iesting and
grading of the ghee.

It has alreads been stated that the establishment of grading
stations will necessitate the developinent of quicker and cheaper
tests for adulteration and guality, Another direetion in which
investigation is desirable is in the methods of packing ghee. For
relatively large guantities the existing tin coutainers are quite suit-
able, though mecthods would need to be devised for closing these
containers in sueh a way that they could not be tampered with atter
being graded (™). But for smaller quantities it would be advan-
tageous to have small non-metal containers which would prevent
contamination during handiing and would effeetively check adultera-
tion by the shop-keeper.

Oune further point. 1t was remarkable to find that ghse is
seldom if ever advertised in India.  This iy probably due to the poor
and variable quality of the produce and to the absence of any pro-
prietary brands.  1f grading and marketing are to be successfully
established it is, I believe, essential that they should be suppleinented
by adequate advertisement. It was significant to find that a single
firm of importers of condensed and dried ilk products spent Rs. 2
lakhs a vear on advertisement, although the sale of their produets
would represent only a ininute fraction of the value of the ghee at
present produced in India. A relutively uueducated population
is partiewdarly- susceptible to propaganda.  The value of advertive-
ment as a means of popularising the improved grades of ghee should
not therefore he negiected in any future marketing developments,
During the vears 1924 to 1929 ghee amounting to roughly 38,000

(33,000 maunds) was sold for export from India(?®). Be-

{ween 1924 and 1935 there was, however, a {all

. The export market ¢ vop 23 per cent. in the quantity exported.
or ghee, . "

At the same time the value per maund of
ghee fell from s, 0 to Ns. 41 The total value of the exported
ghee showed therefore an even greater fall, from Rso 88 lakhs to
. 14 lakhs, or 63 per cent. (Table 17).  The quantities exported
are. of conrse. very small n comparison with India’s total output of
whee, whieh amounnts to about 23 million maunds, It has been sug-
goested, however, that this fall in exporis is die to a detertoration in

(183 Beverst methods have been tried oat i abe Uaited Provinees in con-
pexion with the sale of gier under private trode marks.

(1) Aanual Stutements of Sca-borne Trade of British India.

cwt.
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the quality of the ghec produced in India.  As this is a poiut of
conaiderable mpporiance in relation to the foregoing disvussion, it
seemed desirable to obtain further evidence on tne point,  IFigures
were therefore obtained regarding the inports of ghee imto dlalaya,
which is India’s chiet customer(?). These fizures are also shown
in Table 17. It will be seen that, while India’s total exports deereas-
ed by roughly 33 per cent. between 1928 and 1935, Malaya’s total
imports fell by over 50 per eent. during the same period.  The per-
centage of Malayu’s ghee Imported from India remained substantial-
Iy comstant at about 95 per cont. It is apparent, thereiore, that
India not only held her own in the Maluva market, but was uble to
find additional markets in other countries during this difticalt period.
These facls do not bear out the suggestion that deterioration in the
quality of Indian ghee is affeciing the export trade : the decrease
in the latter is a resuit of general world depression in trade. 1In
this eonnexion the following official comment regarding Malaya’s
reduced imperts of ghee are significant(*1) " I'robubly this 18
partly due to the extensive repalriation of Indian immigrant labour-
ers whieh oeenrred as a result of the slump, aund to deereased purchas-
ing power of those who were left. I should imagine that the 1836
fignres would show a rise with the partial return of prosperity and
the reswaption of imaigration. The position may, however, also
be affected to some extent by ihe drive which has been in progress
to popularise leeally produced fats, notably coconut oii, in place
of imporied fats.””.  This comment affords hoth encouragement and
warning : encouragement, in that it implies a possible re-opening of
India’s export trade in ghee ; and warning, in that it indicates ihe
increasingly serious competition of vegetable oil substitutes. It re-
etiphasises the need uot only for maintaining but for improving the
quality of ITndian ghee.

It ltas already heen stated that * ereamery ’ butter represents only

a minute fraction of the output of Indian dairy produce. being equi-
. valent to about 0.3 per cent. of the output of
miiitfg;d:ftf";e;ﬁ ghee or to roughly 0.1 per cent. of {he cutput
ery ' butter. of tolal milk products. Its consumplion is
limited to the European pepulation and to
small number of Indians who have acquired European tastes.

There are, however, indieations that the demand for ‘ creamery ’
butter is improvimg. Imports of this product show progressive in-
creases, as is seen from Table T18('%). Tt might be supposed that
these inereases represent displacements of Indian produced batter.
Returns from theee prominent Dndian producers show, however, that
while imports of butter inereased by 23 per cent. between 1933 and
1634, their own combined oulput incressed during the same period
by over 30 per cent.  Jmported butter constitules, in Eact, a relative-

(20} Figures obtained through tle courtesy of tha‘ ("1)1011 11 GWlLe

{<1) Comnunication from the Jate Direetor of Agriculture in Maluya,
forwurded through the eourtesy of the folonial Cileo,
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1y small proportion of India’s total consumption, as shown in the
following table .—

Quantity of  Percentage Percentage

Type of butter. milk used in  of total ‘ creamery ’
production, butter butter
(Maunds). preduction. consumption.
Indian ‘ country * butter .. . 9,036,000 8609, Ve
Indian * creamery ' butter ., .. 1,304,000 12-5%, 89-59%,
Imported * creamery * butter .. o 154,000 1-5% 10+5%,

The development of refrigeration will probably tend to popularise
still further the consumption of ‘ ereamery ' butter. While, there-
fore, such butter is still a dairy prodaet of minor importance in
India, the needs of this branch of the industry should not be neglected

in any future scheme of development.

Indian ereameries have special difficulties to contend with in
producing a butter of high standard and satisfactory keeping qualily.
The first is to secure an adequate supply of good quality milk. The
second is that manufacture has to be carried out under exceptionally
warm atmospherie conditions.  The third is the faet that the fat
from buffalves’ milkk is stated to be unsuitable for high class butter
produetion. It is even held that Tndian cows’ milk is unsuitable for
this purpose.  In eonsequence of these diffieutties Indian © creamery ?
butter is frequently subject to a number of defects which serionsly
affect its sale in eompetition with imported butter. Tt is significant
in this connexion that much of the Indian ¢ creamery ’ butter fails,
io command as high a priee as the imported produet.

So far as texture is concerned, Indian butter has a tendency to
greasiness and frequently lacks grain. This defeet is  generally
recoguised to be due to excessive working of the butter while in a
soft condition, and is eonsequently largely attributable to laeck of
-proper facilities for chilling. As regards palatability, Indian hutter
frequently  lacks the flavour and aroma typieal of the Western
producet.  This may be due to a variety of causes, but it is signifieant
that 1 found the usc of propetly cultured © starters * to be exeeptional.
A third and not nnusual defeet is the early development of rancidity,
a fault associaied with bacterial and mould growth. The occurrence
of this defect is not surprising in view of the very peor quality of
the incoming milk and cream. T{ was, for example, reported from
one creamery that as regards the methylene blue reduction test (s
measure of the baclerial contamivation of the incoming milk) “ hat{-
an-honr was the it for the best milk, while <ome sawmples
deeolourised  the  solution  within a few minutes 7. At ancther
ereamery it wax stated that the incoming milk was of such poor
quality that atier separation the separated milk was so acid as to be
only fit for casein making, Althongh my tour was undertaken in



the eold weather T personally saw many churns of sour milk arriving
at one creamery, and of  gassy * cream at another.

None of these defects should be ineapable of remedy if the subject
were to be systematically studied. I found, however, an entire lack
of published information on the points montioned above, There are
no published records regarding the comparative values of buffaloes’
and cows’ milk for butter-making ; no controlled experiments have
apparently been made to determine the influence of the quality of
the incoming milk on the keeping quality of the butter, nor has the
effect of high atmospheric temperature and other adverse factors been
investigated, I was informed that experiments had been made on
the use of properly cultured ¢ starters’, but no published records of
such experiments were available to guide creamery managers,

It was suggested to me that the investigation of these problems
required large scale factory equipment, and a proposal for acquiring
such eguipment is included in the Anand Experimental Creamery
scheme. The problems mentioned ahove can, however, be more
satisfactorily studied on a small (hand churn) scale. The careful
control necessary in experimental work makes small seale investica-
tion preferable to large scale processing, both on the score of expense
and aceuracy ; the application of the findings to factory conditions
is a matter involving modifications of detaill and not fundamental
principles. In any such work it is essential to have adequate chemical
and bacteriological control throughout the production and storage of
experimental batches of butter.

In the meantime efforts to improve the guality of the incoming
milk supply by advisory work and propaganda will eertainly reduce
the difficultics of the butter trade. Sueh efforts should, if possible,
be accompanied by the establishment of a system of payment for
milk on a quality (Z.c., cleanliness) basis. If better milk could be
obtained it might enable the separated milk which 1y formed as a
by-produet to be converted into a more valuable product than casein.
g0 that the additional eost of payments for quality would be recovered.
This subject is dealt with in detail in the next chapter.

One further point should be mentioned. It has been suggested
that the time is ripe f(l))r establishing legal standards for * ercamery *
utter similar to those enforced in Western
‘bugt.t::m tor countries. Such standards would include a
maxhuum moisture content and ahsence of
adulterants. The latter subjeet bas been dealt with in connexion
with ghee, and need not be further diseussed.  As regards moisture
content, it is diffienlt to decide a snitable standard until a more
thorough investigation has been made iuto the technique of produe-
tion and the keeping quality of butter under Indian conditions. At
present it is suggested that the Western standard of 16 per eent.
moisture content should be adopted, a igure which iz already included
in the food legislation of various provinces. It is impossible to say
without extensive investigation whether this standard is a reasonable
one,
H36ICAR ®
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In this connexion it appears to me that improvement in tha
guality (i.e.,, texture and palatability) of the produet is of maore
immediate importanee than the setting up of any legal and arbitrary
standard of moisture content. If a customer can purchase bulter
of good flavour and texture, I believe that he will be indifferent as
to whether the legal standard is, for example, 16 or 18 per cent.
moisture. This is particularly true of a product sueh as © ereamery ’
butter, which may be looked uwpon as a luxury trade. From this
point of view I consider that the whole question of butter standards
might better be dealt with through the institution of a grading scheme
than by general legislation.
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CHAPTER V.—The manufacture of khoa and dahi and of other
indigenous milk products.

Apart from liguid mitk and ghee the most 1mporhmt dairy
produets produced in India are koo, dahi aud eeriain olher
... indigenons milk products. The iinportance of
Importance of indi- 41,00 1 gducte is partly due to the extent of
gonous milk preoduets. -\ . . .
their production. The quantity of milk
ytilised for their manufactwre approximates 95 million maundst?!;,
which is more than twice 1hat utilised fou the whole of the production
of manulactured milk products’in Great Britain, The moenerary
value of this outpnt is estimaled at nver 80 crores of rupees
(l'able 3). These figures emphasise in a striking way the magnitude
of the output of indigeuous milk products in India. The importance
of these products is, however, also partly due to the high return
which they give per unit of mill, This fact is shown in Table 19. It
illustrates a point of unique interesi, since it will be seen that the
manufactured produets (with the exception of ghee and © country’
butter) realise more per maund of mitk than liguid milk itself, ‘This
is contrary to the experience of practically all Western countries(%).

In describing the methods of preparation of these products, it
will be convenient to divide them Inie two groups, nanely, products
manutactured by the partial desiceation of milk (khoa, rabree and
mallaty, and prmhu,ts resulting from the souring of milk (dahi,
channa, and cheesc). General problems which are move or less
common to all the produets will then be dealt with.

In the production of khoa and related produets the keeping
guality of the milk is preserved by its conversion into semi-solid
form, the heat and the concentration of milk

Products e eonstituents hoth tending to eliminate baeterial
gz‘s’fé‘g;&(’][:y partidl o owth, In khoa making the milk (usually
in quantities of about 5 1b.) is evaporated in

a round-hottomed shallow iron pan over a fairly het and steady
fire. The milk is stirred eontinuously to prevent seorching, a special
seraper being used for this purpose. As the volume beecomes less
the stirring is increased, and the operater has to exereise skill in
maintaining a uniform consistency to the mass. After 15 to 20
minutes heating the mass takes on a pasty consistency. At this
stage the pan is removed from the fire, and the pasty mass is well
worked with the flattened end of the secrapper, being spread several
times in a thin layer across the bottom of the pan. 'This gives the
product a good grain. When the mass can retain its own form it
is considered 1o be rcady. Khoa is mainly used for making sweet-
meats. It should be white in appearance, and should have a smooth

(1) This is equivaleny to 760 miliion gallons. According to the Repmb
of the Milk Reorganisation Comimission (1936) the amount of milk utilised
for the wanufacture of butter, cheese, eream and condensed and dried mitks
in Great Britain during 1034 5 amounted to 338 millien gallons,

(2) For cxample, milk is sold wholesale for liquid consumption in Great
Britnin at 14d. to 154..per gallon, but when wsed for the manufacture of mills
producta its average realisation value is only about 5% 4.

z2
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texture. The taste shonld be sweet and wholesome, with a slight
bui pleasantly cooked flavour. On keeping the surface beeomes
yvellowish and dull in appearance, while deterioration is judged by
the presence of cobweb-like threads on breaking. Khoa itself keeps
sweet for 4 to 5 days in the cold weather and 2 to 3 days in the hot
weather, but the addition of sygar in the making of sweelmeats
prolongs the keeping quality to 3 to 4 months.

Rabree might be deseribed as a sweetened form of khoa, but its
manufacture reguires greater skill and it is looked upon as & greal
delicacy. Stirring is avoided during making, and the solids are
separated frem the milk by removing suceessive thin films of coagu-
lated material from the surface by means of bamboo splints. These
films are placed on the sides of the heated pan. When the milk has
been reduced to about one-fifth of its initial volume the pan ia
removed from the fire and the whole mass is gently mixed, care
being taken not to injure the flakes. Sugar is then added and after
coolling and settling, the rabdree is ready for sale. Rabree, on account
of its lower temperature of manufaeture and its higher moisture
content, is more perishable than Lhea. Uniform formation of flakes,
uniformity of colour and freshuness of taste are the main points looked
for by discerning purchasers. Khurchan is a similar product to which
arrowroot has been added during manufacture.

The third produet in this group is known as mallei. This is a
form of clotted eream which is sold and consumed unsweetened, It
is usually made by simmering large quantities of milk (say, 20 1b.)
until a thiek layer of milk-fat and coagulated albumin forms on
the surface. This is skiinmed off with a flat ladle and laid aside to
eoonl. The process is repeated fwice, when most of the fat has been
removed. The residue is earamelised and is not saleable as milk.
Muailai should be smooth and white in appearanee, and hay a taste
typical of elotted eream. It has a very limited keeping quality,

The produets in this group are only produced on a large scale
in Northern India, and are particularly popular in the United
Provirees, the Punjab and Bombay Presidency. It has been estimated
that out of every 100 maunds produced, khoa aceounts for 85 maunds,
rabree and khurchen for 10 maunds, and malar for 5 maunds.

Probably the simplest way of preserving milk for human con-
sumption in a tropical country is to allow it to sour, sinee this eheeks
putrefactive changes while giving an acid

Products resulbing tuqt 4o the milk which is particularly refresh.
:ﬂirkn. the  souring of ing in hot elimates(®). Dchi is milk which
has been soured by incculation with a lactie

acid ¢ startéer . The milk is usually boiled for a short while and
then allowed to cool. While still luke warm a small quantity of the
previous day’s supply is put in, care being taken not to disturb the
surface layer of fat, which gives the product a rich appearance and
is used as an index of the gquality of miilk used. After leaving for
(3) . V. Wiser, ‘‘ The Foods of a Hindu Village of North India.’’

Burcau of Statisties and Eeonomic Researeh, U. P. Bull. 2, p. 62, Allnhabuad,
1936.
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6 to 8 hours, the dahi is ready for sale. It has already been noted
that ghee is prepared from soured milk, so that it may be sald that
the production of a form of dahi lies at the foundation of ‘Indla’s
ghee industry. The residue from churning ghee (lasst) is, indeed,
the most common form in which milk is consumed in India. Duht
itself is also a popular food, which is taken with rice or wheat
chopputties either salted or with sugar. It also f{orms the basis
of a special type of lgssi which is commonly sold in cities and is
prepared by beating up the dehi with water and ice and adding
salt or sugar to taste. Good dahi should have a creamy and smooth
surface free Trom bubbles, while the eut surface should be trim and
free frora holes—an interesting instance of a natural objection to the
presence of gas-producing bacteria. The taste should be mild rather

than sharp.

Channa is a product of a very different type. It is produced
from boiling milk which is eclotied either by the additien of sour
whey or by reagents such as alum., After settling the channg is
stramed off inio a coarse muslin cloth, in which it is allowed to hang
for draining. This produet is, in fact, a erude form of moist casein.
It is used as a basis for sweetmeats, and ig capable of being trans-
ported for distances up to 300 miles without deterioration. It is
therefore particularly sulted for the poor transport conditions of
Bengal, where it is chiefly produced. The properties looked for are
whiteness, firmness of body and a small grain, and a mon-acid
flavour.

The production of cheese in India, either of Indian or European
varieties, is extremely small. The chief Indian cheeses are Dacea
cheese, Surti cheese, und Bandal cheese, Daceg cheese may be taken
as typical of the small type of medinm pressed cheese. It is made
from buffaloes’” milk with the use of renuet. The curd is pressed
in small eane baskéts with a board and stones. Pressure continues
for from T to 10 days, when the checse is smoked with wood and
ecow-dung smoke. The cheese keeps well after smoking., Bandal
cheese is typical of the soft type of cream cheese. Tt also is smoked,
a treatment which renders it offensive to inany palates. Surfi and
other local types of cheese also have distinetive methods of pro-
duetion.

Of the produets in this group, deki is of outstanding importance
for the reasoms already uoted. It is moreover produced and used
universally throughout Tndia. The production of channe is largely
limited to Bengal and to parts of Bihar and of the United Provinces.
Cheese is only found as a loeal produet and its production is noted
in all Provinces as ** negligible **(#). It is probable that the main
requirements of cheese in India, the consumption of which is limited
to Europeans, is met by imports from abroad. These imports, which

(4) Reports of provineial marketing surveys. [t has been supggested tinut
the low consumption of checse is due to the faet that an animal produet
(reznct) ig used in its production; and that the use of g vegetable substitule
for rennet would stimulate the demand. Tt should however he pointed out ibat
the enting of cheese does vot fit in with the normal dietary customs of tae

country,
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are shown in Table 20(%), rive no indieation of expansion, although
they show a rapid recovery from the effects of the erisis,—a finding
which might be expected in regard to a produet which is consumed
solely by the wealthier section of the population. The present annual
value of imported cheese is Rs. 8 lakhs, and the amount of milk
utilised in its manufacture wonld be about 150,000 maunds, which is
equivalent to only 0.002 per eent. of India’s total milk production.

The above details regarding the methods of manufacture have
been given becanse 1 feel that they are essential fer a proper
understanding of the problems involved in the production and
marketing of khee, dehi and related products. No  published
information is available on the subject. and present methods are based
on the cumulative experience of past generations.

Tt will be realised from the forewnine deseription that the
manufacture of indigenous milk products in India is carricd out on
most primitive lines. Moreover, the quantities
pr’f;nupcl;‘;‘o'gmzﬁff pac:i:-l of milk employed in t'he 111:;111111’:/1(‘!111‘0 of the
ing. des;coatpdl produets (aum}t 3 Ib.)' arc elearly
uneconomic from the point of view of both
labour and fuel. There is obvions need fer a carclul investigation
of the methods of mannfacture of ibhese producis. Nhoag offers a
particulavly hopefal ticld for stndy, not ouly beranse of iy wide sale
but because its manufacture does not involve the production of
by-preduets. It appears  pessible that its manufacture could ba
placed on a village industry basis or even on a factory basis. The
problens invelved are largely engineering problems ; the provision
of a plant capable of handling the larger outputs while retaining
those essential  heating  processes  whieh  give the product its
characterisiic flavour. Tt s possible that seme type of band-drier
might be crploved, though exisiing types of sueh plaut would neced
very considerable modification i they were to meet the special vequire-
ments of Lhoe produetion.  The output of the produet is. however,
sutficlent to justify considerable ountiay in determining the feasibility
oi suek a development,

Side by side with lmprovements in the production of Lkhog,
improved methods of packmg would be needed. At present Fhog is
packed in baskets and leaves. This is unbygienie, and undoubtedly
reduces the kevping quality of the produet. In view of the faect
that the slightly  eooked flavour of Fhoa is one of its desirable
eharacieristies it would seem that this produet is one which might
be packed In air-tight containers and sterilised” by heat, thus giving
it an indelinite keeping quality and rendering its transport simpler
and cheaper. The additional eost involved would probably be offset
by the decreased losses due to deterioration,

It is questionable how far rabree and mallai eould be dealt with
on these lines, since their manufacture is more largely dependent
oun the personal skill of the maker. Any develppment would have to
depend on the suecess achieved with Ahoa. But the manufacture of

{Sﬁuhuﬁ- Statements of Segg&ue Trade of British Indis,
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dahi might certainly be improved. At present ne information is
available regarding the types of lactic acid bacteria used in the
production of dehi in different distriets, nor is anything known
of the relation of the types of organism to the flavour and texture of
the product. A survey wonld quickly show how far the bacterial
flora varies wunder present conditions of produetion, and to what
extent such variations can he éorrelated with palatability and market
demand. By subsequent distribution of the most satisfactory
‘starters 7 the quality and uniformity of dehi might be substantially
improved, with beneflit to both producer and consumer. The
importance of such work in eonuexion with ghee production should
not be overlooked.
Tt will be shown in the next chapter that limited guantities of
separated milk(®) are available in certain distriets. Such separated
. niilk is not actually wasted, as it is larxely
Possible uses for p..q for the manufacture of casein. It s
separated milk. Lowet ) ! . .
rowever lost as a source of nutriment. It has
heen suggested that efforts should be made to establish eondensing
and drying faetories to absorh this milk, but in most localities such a
development is  impracticable. T eonsider that the possibility of
utilising sepavated milk in the manufacture of indigenous milk
products would repay further investigation. Such milk is already
nsed for this purpose in some arcas, but the complaint is made that
the quality of the produet is so inferior as to make it of little value.
Khoa made from separated milk has, for example, a tougher and
less aeceptable texture, and is apt to erumble, a eriticism which
also applies to chanea. On the other hand Jdaht made from separated
mitk lacks body. It is obvieusly undesirable that such products
shonld have an equal valune in the market to whele milk products.
but there is undoubtedly room for attempting to improve the methods
of production in such & way as to make the separated milk products
more readily saleable.

The establishment of recognised standards of gnality for khos
and related products would do mueh to encourage the introduection
. of improved nwethods of production and pack-
Etﬁzrdﬁmmmu of ing. At present the standerds (where they
o exist) are of doubtful ulility. For instance,
under the Punjab Pure Food Aet (1928) &hoe must bave not more
than 10 per cent. moisture and not less than 20 per cent. fat. Yet
according to manufacturing practice the khog out-turn from milk
should be 25 per cent.(7). This would give khoa a moisture eontent
of nearly 40 per cent. The minimum fat content of sueh khoa
wonld be 14 per eent,, but the minimum fat content of a sample con.
taining 10 per cent. moisture, if made from whole milk, would be
27 per cent.(8). That is to say, with a moisture content of 10 per

(6} I refer hore to machine scparated milk, not to lassi,

(7) te, 4 weers of milk yield 1 scer of kive. This ratio is so widely
recognised that it is eonumonly used as a method of determining the quality of
miik at wholesale milk markets,

{8} Assuming the original milk to contain 3.5 per cent. fut and § per cent.
golide-not-fat, which are the wminhnum legal standurds under the Punjab Pule

Fool Act (1U29).



48

3

eent., the fat content of khoa could only fall below 20 per cent. if the
milkk were to bhe ¢ toned ’ with separated milk. Clearly the existing
standards need re-examination,

This introduces a further point. No provision is made in the
food legislation of most provinces for standards of quality of milk
produets made partly or wholly from separated milk. If the pro-
posals put forward earlicr in this chapter are adopted, it will be
necessary to formmulate standards not only for whole milk produets
but for products mauufactured from’ separated and from half-cream
milk.

The final, and perhaps the most important, consideration in
connection with Ahoa, daki, and similur indigenous products is their
nuiritive value. There is at present a com-
The mutritive value plete Juck of information on this point. It is
of indigenous milk. yijoly held that sour milk—either in the
products, . A . i .
form of dahi or lussi—is more highly digestible
and nutritious than fresh milk, and that it is partienlarly wholesome
as a food in hot climates(®). On the other hand I have been told
that the excessive heating to which milk is subjected during the
manufacture of khoe will seriously affect its nutritive value.
Neither of these views has so far been substantiated by direct experi-
ment. The question.is one of obvious importance in view of the
extent to which such products constitute the staple forms in which
milk is eonsumed by a large section of the Indian population. I am
strongly of opinien that experiments should be undertaken at an
early date to determine aecurately the nutritive value of these various
indigenous milk produets in comparison with milk and separated
milk. The experiments should not, I believe, be confined to laboratory
animals. Comparative tests should be made into the value of the
produets as supplements to typical Indian diets on the lines of those
already carried out with skim milk powder(®). Only by such tests
will it be possible to determine the real value of the various products
in the human dietary.
(") W. R Aykroyd and B. (7. Krishnan - The Effect of Skinmed Mulk,

Boyn Bean and other Foods in Supplewenting Typical Indian Diets. Indias
Journ, Med., Kes, 24, 4 (1937).
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CHAPTER VI—The utilisation of skim milk in the manufacture of
casein, condensed milk and dried milk.

Tt is sometimes stated that there is a serious wastage of separated
milk in India. Anocther view held is that a considerable output of
separated milk, while not actually wasted, is utilised in a manner
which does not yield a profitable return. In the present chapter
I intend to diseuss in detail these views and to indicate the extent
to which separated milk might be more profitably handled.

By separated milk I mean the by-product of the mechanical
separation of cream. It has already been stated (Chapter 1V) that
Prosent production over 99 per cent. of the ghee produced in
of soparated milk. India iy manufactured by the indigenous
method in which the by-product is lasgsi, and
that this is invariably consumed by the cultivator and his family.
In view of the overwhelmingly rural nature of the population this
practice cannot be objected to, for it ensures that the peasant class
retain for their home consumption the most valuable part of the milk.
This means, however, that the supplies of scparated milk available
for manufacture are very limited. On the assumption that the daily
output of creamery butter in India iz 20,000 1b., the quantity of
separated milk preduced annually will be roughly 90 million pounds,
or a little over one million maunds.

At present a considerable proportion of this is used for the
manufaeture of casein for export. This export trade has remained
fairly constant for the past few years at about 8,000 ewt. per year.
The amount of separated milk required to produce this quantity of
casein would be roughly 40 million pounds, or nearly half of India's
total output of separated milk(1). The remaining half is stated to
be used in the production of indigenous milk products such as daii
and in the * toning ’ of whole milk sold for liquid eonsumption. It
may, I think, be definitely asserted that the quantity of separated
milk aetually wasted (i.e., thrown away) is neglizible. Exhaustive
inquiries in the more important producing areas show that separated
milk can be economically converted into easein so long as the price
of the latter exceeds Rs. 70 per ton. During the past three years the
price has averaged about Rs. 260 per ton and has not fallen below
Rs. 117 per ton,

The suggestion has, however, been put forward that since there
is a valuable import trade in condensed and dried milks, an effort
should be made to utilise the present output of separated milk for
the manufacture of these produets. It is therefore desirable to
examine in some detail the extent of the import trade in condensed
milk and milk powder. These products are classed into two cate-

4 gories ; first, milk foods for infants or invalids

Imports of milk PI0-  y}5]ly or mainly milk, and seeond, eondensed
ducts. i s

and preserved milks. The first category

consists almost exclusively of proprietary brands of milk foods which

it would be extremely difficult to displace with home-produced

products. The average guantity imported during 1932-35 was 10,000

(1) It is not known how much eusein s sold for use in India,
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ewt. per year, which is equivalent to about 80,000 maunds of fresh
milk. In view of the special nature of this class of imports and of
its small volume it does not appear either feasible or necessary to
attempt to replace it with products produced in India.

The second ecategory includes unsweetened angl sweetened con-
densed milks, milk powder and certain other m{scellanequs mﬂk
products. On the basis of replies received to a speeial questionnaire,
the annual imports may be ronghly classified under seven heads, as
shown in Table 21. The total imports amount to roughly 200,000
ewt. and are valued at about Rs. 50 lakhs. They represent an output
of just under 700,000 maunds of fresh milk. These quantities are
very small in ecomparison with India’s total output of milk products.
Moreover, it will be seen from Table 22 that the imports (and there-
for the consumption) show no tendency to expand(2). The gucs.
tion arises therefore whether, if condensed milk and milk powder
were to be produeed in India, an additional market could be found
for these products in the export market. The present imports of
condensed and dried milks into Ceylon amount to 36,000 ewt., and
the market is rapidly expanding(3). Malaya
imports 600,000 cwt, of condensed milk, while
other Far Eastern countries absorb about an equal amount. South
Afriea and East Africa import some 300,000 ewt.(¢). These com-
bined quantities (including India’s own imports) represent the
equivalent of roughly five million maunds of fresh milk, If Table 21
may be taken as typical! of the imports of all these eountries (no
separate figures being available other than those for India), the
amounts of whole milk aned of separated milk used in the produetion
of the milk imports would be one million and four million maunds
respectively. There is thercfore a fairly large potential market for
condensed and dried milk, although this still represents a very small
fraction of India’s total output of milk. Tt is, of course, question-
able whether, even if India was able to produce these products, she
could capture the market against the keen competition of countries
which alrpady h;we an established export trade. The figures are,
hoqu_ex‘-, Impressive enough to justify serious consideration of the
Ppossibility of establishing condensing and drying plants in India.

In deciding whether such a development is feasible, three ques-
tions must be answered. First, is the milk cheap enough ; second,
can it be supplied at convenient centres in sufficiently large quantities;
and third, is the milk of a sufficiently high quality to enable manufae-
turers to produce a good product ?

There is considerable doubt whether even the first question can
be answered in the affirmative. Separated milk is valued in India
at about Re. 1 per maund(f}. Assuming that
the working costs of production of sweetened
condensed skimmed milk are £20 per ton (a

Export markets.

Value of separated
milk,

(2} Annual Statements of Sea-borme Trade of British India,

(3 Imports into Ceylon have increased from 17,525 cwt, in 1942 to 35,548
ewt. in 1936.

(4} International Review of Agriculture, June 1926,

(5) Figares obtained from Provineial Marketing Officer, Bibar. ‘
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typical British figure), a ewt. of this product could he produced in
India for about Rs. 18. The value of the imported produet is roughly
Rs. 28(%) per ewt,, but this ineludes an import duty of between 20
and 30 per eent. {according to country of origin) as well as heavy
costs of advertising .and distribution. The market value of the
imported proeduct in ecompetition with Indian export trade would be
unlikely to execced Rs. 200 Apgain, skim milk powder can be
purchased in India at Rs, 36 per ewt. (7). With similar working
costs per ton and valuing the separated milk at Re. 1 per maund,
skim milk powder could be produeed in Tudia at Rs. 30 per ewt. If
the import duty is deducted from the value of the imported product.
however, the two priees exactly tally. The above fimures are
admittedly approximate, but they are, I think, sufficient to show
that the possibility of building wp an export market {or condensed
milly and milk powder produced in India is open to considerable
doubt.  On the other hand the duty of 20 to 30 per cent. oy produets
imported into India would give an Indian manufacturer a great
acdvantage in his home market.

I will now turh te the second question. Can adeyuate quantities
of separated milk be gupplied at convenient centres ? The quantities
reqitired by manufacturing firms are excep-
tionally large. Inquiries among firms already
importing cendensed milk and milk powder
into Tndia indicate that such quantities should not be less than 30,000
Ib. per day. Assuminz an average yield of 6 lb. of milk per day
per milking animal, it would reguire 5,000 animals to produce this
amount. It is cstimated that the average Indian village possesses
some 200 to 300 milking animals. A daily output of 30,000 lb.
swould therefore require the complete milk produetion of some 20
villares, which might be located within a 6 to 7 mile radius of a
central factory. This area wonld In practice probably need to be
larger, sinee part of the output of milk would presumably be retained
in the villages for home eonsumption. No information is available
as to the possibility of finding areas of this character which might
form suitable centres for condensing or drying factories. In ome
or two locaiities, where large butter-making ercameries are alrveady
established, tlie requisite supplies of separated milk might be avail-
able. But if more than one or two centres were required, a detailed
survey of the main milk-producing areas would have to precede any
question of developing production on a large scale,

Feasibility of cen-
tralising supples.

This brings me to the third question. Can separated milk be
gupplied which is of sufficicntly good guality for manufacture ¥ At
present the answer is a eategorical negative.

Quality of separated  peroonyg| inquiries in likely areas and con-
milk. versalions with men who have heen responsible
for managing large butfer-making creamcries both show that the
present supply of separated milk would be entirely qseless for either
condensing or drying. In the words of one experienced manager,

(6) ic, 4 anpas per 1 1b. tin
{7) Jufurmation abtainad from Dr. W, R, Aykroyd,

[y



. 52

““ the whole difficulty is that the milk is produced on too small a
scale by a very large number of producers : such small guantities
could not be handled profitably if delivered direct by the producer
to the creamery, while the collection of milk by middlemen results
in its deterioration before arrival at the creamery...... I am
firmly convineed that if any concern requires large quantities ol
first-class milk, it will only be possible to ohtain it by organising mlk
production on large farms under hygienic econditions '’. Another
equally experienced manager stated that the milk supplied to his
ereamery was always very acid on arrival, and that the resulting
separated milk was only suitable for casein making. In his view
the condensing and drying of milk would only be possible if a reaily
good supply of milk were to be available, but that under these
circumstances the cost of the milk would be prohibitive. Suech
authoritative opinions must earry great weight. They agree, indeed,
with the experience of all those who have had to produce condensed
milk and high-grade milk powder, namely, that the quality of the
original milk is one of the main factors which affect the quality of
the manufactured produet,

Briefly then, it may be said that the manufacture of condenmsed
milk and milk powder for export does not offer a hopeful fleld for
development ; that such products might, however, ba able to displace
those at present impuried into India ; but that this would depend
largely on whether the reguisite amounts of good quality separated
milk could be collected at suitable manufacturing centres.

There are, however, a number of purely technical considerations
which must be taken into account in connection with the produetion
Technical considera- of condensed milk and milk‘ powder. As
om0 regards condensed milk, the chief demand in

) India is for sweetened condensed skimmed milk,
The production of this type of condensed milk is particularly affected
by the hygienie quality of the incoming milk, since the produet is
not completely sterilised during manufacture. Moreover, both
sweetened and unsweetened condensed milks are partieularly
susceptible to defeets assoeiated with the protein content and the
mineral balance of the milk. The methods of processing in Western
countrics have not only to be modified according to the locality of
the factory, but also aecording to the season of the year. No
information is available to show whether milk from Indian cows or
buffaloes ecan be suceessfully condensed. or what alterations in
technique might be necessary to ensure the production of a good
product. In this connexion it would obviously be a serious mistake
to establish a condensery at a high cost until the feasibility of con-
densing and its major diffienlties under Indian conditions have been
ascertained on a small seale. It may perhaps also be mentioned at
this point that the total output of condensed milk necessary to displace
the imported produets would not occupy more than two or three large
plants of, say, 30,000 1b, capacity.

. As regards milk powder, the first point to be decided is whether,
in the event of its produetion in India, the plant used should be of a
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roller or a spray-drying type. The former involves a very much
smailer capital outlay. Separated milk powder produced by the
roller process is, however, very insoluble and is used in most Western
countries only for the feeding of stock. If the object of manufactur-
ing milk powder in India is to produee a product for human consump-
tion, particularly in connexion with the provision of reconstituted
separated milk for children of school age, it would need to.be spray
dried milk. This would involve a relatively high ecapital expendi-
ture. Moreover, milk powder production would entail special
difficulties in a country having a monscon season. The combination
of high atmospheric temperature and humidity during this period
would necessitate an abnormally high air capacity in the drier, and
might also lead to difficulties in tbhe handling of the dried powder,
which is intensely hygroscopic. So far as total output is concerned,
attention would peed to be given to the available market. From
Table 21 it will be seen that the present consumption of milk powder
(as measured by imports) is between 250 and 300 cwt. per year.
A full size cominercial spray-drying plant will produce at least
4 ton of powder per day. 'The present output in India would,
therefore, only be sufficient to occupy one plant for, say, 12 to 15
days. Even tf a strong drive were to be wmade to popularise the
use of separated mnilk powder as a supplement to the diets of school
children, it is doubtful whether the output of one plant would be
fully occupied. An additiwnal market might be found in the
development of the ice-cream trade, especially in view of the rapid
extensions at present taking place in refrigeration. Army require-
wents might alse absorb part of the output of a spray-drying plant,
sinee for transport purposes a milk powder which could be readily
reconstitufed in the field would be ideal. The difficulty of meeting
army requircments is, however, that there are sueh large differcnces
between peace and war requirements, Peace requirements are only
one to two tons per month : in time of war, however, the requirement
might rise to between 100 and 200 tons(?).

The above discussion indieates some of the more obvious
difficulties which would be met with in any attempt to establish
condensed milk er milk powder factories in
India. The idea is supecrficially an attractive
one, but in view of the exceptional difficulties with which the
Indian dairy industry is faced, T am quile certain that any con-
siderable expenditure (snch, for example, as that envisaged in the
Anand Bxperimental Creamery scheme) is not meantime justified.
If condensing and drying factories are ultimately to be built in India,
they should, I believe, be erected by firms who already have a long
experience of the trade and an established Indian market for their
products, I consider, therefore, that any official assistance which
may be given should be in the direction of surveying the available
supplies of milk, examining their quality, and determining on a
small scale the suitahility of the milk for processing. These are the
three primary requisites on which any commercial firm would need

Conclusions,

(5) Figures quoted by the courtesy of the Quartermaster-General in
dia.
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to have acenrate information before giving serious consideration to
the establishment of a condensing or drying factory in India.

Fimally, T should once again reiterate the contention which I put
forward in Chapler 1I, namely, that India has an essentially rural
population, and that in any development of the dairy industry the
needs of this section of the populalion must be paramount, If it
was necessary to choose between establishing a factory system for
converting separated milk into milk powder or leaving the separated
milk in the villages for local consumption, I should unhesitatingly
recommend the latier alternative,
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THE PRODUCTION OF MILK IN RELATION TO THE
BREEDING AND NUTRITION OF MILCH CATTLE.

55—56



57

CHAPTER VII—The importance of caitle in Indian agriculture.

It will not be out of place to preface this part of the report
with a brief statement of the size of the cattle industyy of I]l(’iifll, and
: of its ijmportance in Indian agriculture.
Tutrodnction. Numerically India possesses the largest cattle
population of any couniry in ihe world. A recent esthmate{!)
places the world’s caitle population at about 630 million animals.
Of these 152 million are located in Dritish Tndia and 36 million in
Indian States, India possesses thercfore nearly one-third of the
world’s cuattle population. Next in order are the Soviet Uuion
(with 65 millicn) and the United States (with 38 million}, but each
of these has barely cne-third of India’s total, Great Brifain has
only seven millivn animals, or one-thirticth of the Indian cattle
population. These figures indicate the magnitude of the Indian
cattle industry.

Owing to adverse climatic and economic conditions the pro-
ductive value of this industry is not commensurate with its size. It
is of course difficult to assess the monetary value of live stoek pro-
ducts in a eountry where the greater part of the ontput is consume
by producers instead of being marketed. This difficully is intensified
in India where .the male eattle are chiefly valuable on account of
their use for draught purposes, and where ment is not a staple article
of the diet. In the present diseussion 1 shall deal witii the sulject
from two aspects : first, the actual value of produce derived from
cattle, and second, the potential value of cattle to Indian agrieul-
tare.

. The income from the sale of cattle products ean be fairly closely
estimated. It has already been shown (Table 3) that milk and
Income from the 1K products may be _}'alucdt at al;<‘=1_1§ 300
sale of cattle products, Clores of rupecs. I‘hh is ronghly equivalent
to the value of India’s total output of rice;

and is three to four times the value of ths output of wheat(%).
Miscellaneous products sueh as hides. sking and offals are also an
important though relatively small souri: of ineome from cattle
especially ag these are lareely sold for export. Iundia is, in faet
the largest exporter of hides and skins in the British Tmpire, her
products representing one-third of the total Empire exports(3)
India’s yearly output of this group of products is valued at roughly
40 crores of rupees. 1t is significant that the trade in hides and

(1) U. 8. Dept. Agrie. Yearbook, 1035, pp. 5356-337. The figures guotel
refer to the years 1926-1030.  Aceouding to the Tourth Census of Live Stoct
beld in 1935 the totul cattle population of India is now esthuated at 2id
millions,

{2) The production of rice is csfimafed at 52 willi=n fons. AL Bs. Tin
per ton this gives a wilue of 330 erores of rupees. The prduetion of whos
iz estimated at 0% miilion tous. At ks, 80 per ton lais glves o value of T
erores of rupeces.

(8) A, N. Duekham, ¢ Animal Tvdnstey in the British Empire,’’ P. 228
Oxford University Press, lidz, In luud the totu] Lmpire exports of hides
skins were valued at £42,200,000, of which Indin's share was £14,000,000.
H38ICAR bl
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fking, which répresents only & minar by-produat.of the esttle induatey,
has 4 greater monetary value than the total Mdian ocutput of sugar,
which is valned at about 30 crores of :rupees(?). . It may also be
mentioned that, although live cattle do met represent a large source
of income, the potentialities of Indian dranght breeds have in the
past been widély recognised, the annual export at one time having
reached nearly 2,000 animals at ar average va.‘}ue of Rs. 260 per head.

It is, however, in the relation of ecattle to the agricultural
economy ‘of the country tlhat] ﬂblm uniqte v;lue bgc%xines :lzlppsrenti
Caftle labour represents probably & mos
i{oﬁ“ ot oatide important comtribution of live stock to Indian
e ' agrieulture. . In the words of the Royal Com-
‘itsion on Agriculture in Indig(%) * In most parts of the world
cattle are valued for food and for milk ; ix Indiag thelr primeary
purpose is draught for the plough or the cart...... Withont the
ox, no cultivation would be possible ; without the ox, no produce
sould be transported ’. It is obviously diffieult to place a definite
motietary value on eattle labour. Am ingquiry into the value of cattle
labour in holdings in the Punjab(®) has shown that between 15 and
20 per cent, of the costs of cultivation fall under this bead, & figure
“which has T understand been confirmed in a more recent investigs-
tion(7). Assuming that the total value of India’s output.of agris
eultural produce dpproximates 2,000 crores. of rupees(¥), the share
of cattie labour would be between 300 and 400 crores of rupees. An
alternative method of calculation may be taken from the Royal Com-
mission’s Report(®) where it is estimated that the evst of feeding
and depreciation of a pair of bullocks averages Rs. 175- per year.
On the Commission’s assmmption that a pair of bullocks are needed
to_cultivate 10 seres of ‘ net sown area’ (of which there are 230
- million acres in British India and 70 million acres in Indian States)
the cost of cattle labour works put st 525 crores of rupees for all
India or 400 crores of rnpees for British Indis. The latter valme
may therefore be takeh as a comservative estimate for the epuntry as
& WHole. - RSN R
% The mecomd .iridirect souree of ineome sttribmiable to eqttle
which is; bowever, even more difficult’ to assess ix their contribution
to the fertility of the land. An attempt has been made to arrive
Nt a rough estimate of the vash value of eattle manure, and & provi-

L7 () i2, = output of 1200000 foup of sugar at Ba 150 par be and o3

But-put of gur of 4,000,000 Eom%&om@m per ton. e

- {8) Report of the Royal Commission on Aarienltwm in Tndin-n. 188 fved
218 (i928).

E T

- {7) luvestigation earvied owt mnder tlie direttige of. the Impsrial Louned

of Agrieultural Reseatek, R ' B

» 4-

(8) The figure given by Findlay Shirras (‘‘ The Seience. of Pyublic Pinsunee 1)

for 1922 wug, 1,983 creres of rupeed. Aecording to’ M. Vaidyanathan (prieite

comeiunication) this had risen in 1029 to 3,400 creres, but bad. #allen again
by 1936 to 2,000 crores, ‘ ' N

(7 Loo. cit,, p. 194,
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Bibnat ‘fignirs of 270 ciprés of rupees hias been suggested(1®). This

- “figure is obviously open to criticism, as indeed
W m“-" “‘fm would be any estimate based on the very
actility. sining meagre information evailable. No figures

- _ exist, for example, to show what proportion of
ecattle dung is nsed as fiuel, although this is believed to be very large.
Nor have controlled experiments been oarried out to determine the
value of farm-yard mamure undér the widely varying climatie and
soil. econditions of Indis. :There is little doubt that the widespread
extension of ‘ composting * would greatly enhance the valae of eattle
manure as & medium for inereasing soil fertility. S

I believe that it is necessary, however, tb look at this subj
from the wider aspect of the possible effect of a * mixed farmmg d
system on the productive eapacity of the land. At present India is
virtually attempting to maintain a relatively dense human popula.
tion by methods only applicable to an * extensive ” system of farming,
@ system in which large acreages have to be relied upon to off-set
low erop yields and poor grazing lands, and in which, little attention
is paid to the maintenance of soil fertility. Buch methods may be
suitable for mnewly developing countries, such as Australia and
Canada, where the human population iz small and ample land is
available. . In these two countries there is, for example, an average
of only tw¢ to three persons per square mile. In India there are
nearly 200 persons per square mile, a figure equivalent to that of
Denmark or the Netherlands. With such dense populations it is
essential that the output of produee per sere should be high, and
for this purpose the fertility of the soil must he maintained. It has
aptly been said that under these circumstances the development of
Indian agriculture urgently requires °* the dove-tailing of the arabie
and animal husbandries into one ‘ mixed-farming ' system . It
is evident *’ states the same authority (1!} ‘ that the cattle problem
dominates the whole situation...... -1 think that no rapid increase
{in crop yields) can come until the ‘ mixed-farming ™ system is
adopted.” Such a ‘ mixed-farming ’ system would invelve ot only
the application of all available manure, but the weultivatiop of
leguminous fodder crops which contribute so markedly ~ to  soil
fertility. The fodder crops so grown would, in $urn, provide an
ideal source of food for eattle, and particularly for milking stock.

' 'Phis is, therefore, a question of the utmost jmportance not o
‘to the eattle industry but to thé whole future development o
; - dairying. At present one is faced by a some-
-, Would mixed farm- what perplexing problem. Milk is chiefly pro-
' duetion ? ™ Juced as a by-product of agriculture : thg
milking stock are largely fed on dry fodder
which would otherwise be valueless, and the labour costs are negligible,
Under such conditions the cultivator can afford to sell his milk at a
remarkably low price, 6 pies per lb. being not uneommonly aceepted.

kS
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(10) A. Olver and@ M. Vaidyanathan, ¢° Assessment of the Annual Contri
tation of . Live Stoek .ih India| to Indipn Eeonomy.’’

" {(11) B. A. Keen, ¢* The Rea] Problem in India.’’ Paper read before tiu
‘Boyal Imgtitute of Interpational Affairs, Mareh lst, 1932,

ra
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Gu Uie other hand fieures oblained from a study of the costs of pro-
duction of milk on \lihtdu Daivy Farms('?), as well as from other
larue dairy eoncerns, give eosts of production of from 6 to 11 pies

per o, white .:mulhd independent investigation shm‘.ed a figure of
just over 1 auia per 1bh.(1%), The specialised production of milk
does not appear, therefore, to be economically feasible unless an
exceptionglly good market is available. 1t has been suggested that
the way to Increase o-ilk production jn India is to ereate a more
luerative outlet for ik amd milk produets. This might be true
in a country with a lurge and relatively rieh wrban population : it is
not, I believe, applicable to Indian condilious where 90 per cent. of
the population are rural, and where a large proportion of the
eultivators are eompelled to live on a suhsistence agriculture,  More-
over, the provision of a more luerative cutlet for the nnlk is not
eousistent with the prime necessity (referred to in Chapter I) of
maintaining a low price for milk in order to stimulate increased econ-
sumption.

The solution of the problem appears to me to be along the lines
jndieated above, namely, the development of a ' mixed-farming *
sysierp.  In such a system the production of animal products such
as milk is earried on side by side with a system of cropping in which
lesuminous fodder crops take an impocvtant place, and in which
full use is made of the inereased quantities of eattle manure. In
this way seil fertility is maintained, and the resalting increase in
erop vields indircetly off-sets any increase in the eost of produection
of mille, It iy slenificant to nute the suecess of such a * mixed-
farming 7 system in “another backward agricultargl ecountry {(14)
" Larger yields of crops are being secured and the farmers, in addi-
tion to having more ample food supplics and larger quantities of
economice erops for sale, are also belug provided with supplieg of
animal [)lO(hI('T“; such as wilk and Lutter, for their consumption and
sale. There is no doubt that they have bheen enabled to live better
than wus possible vnder the old arder, and in consequonee it is expected
that their own health and that of their families will benefit.”’

It 1s of course guestionable how far © mixed-faeniing * can De
introduced under the wide varicty of elimatie aned seil conditions of
india. There is, however, little donbt that there is grcat scope for
development Ell:_)llg these lines in many ircigated tracts, At present
there Is a very general lmpression that the introduetion of irrigation
rapidly leads to the deterioration and even to the virtual extermina-
tion of good breeds of cattle. This is, for example, true of Sind
and of certain tracts in the United Provinees. If full advantarze is

(12y K. P. R Kartha. ** A Note oo the Comparative Economie Efficiency
of the Tndian Cow, the Ilalf bred Cow, and the Buffalo ns producers of Milk and
Butter-fat.””  Animal Hausbandry Wing Mecting, February 1933,

(13 W. . Tansen and N. R. Joshi, ¢ (Cost of NMilk Produetion in
Allatiabad.”?  Aqrin. and Live Stod: in India, 4, 215 (1034),

(0 P AL Soehdale,  f Report oon the Agricelinee of Nigerin, the Gold
Coenst el Sierrn Loevne’  Colomial  Advisory  Couneil Publication, No. 270
{lusay,
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to be derived from irrigation, T am convineed that farming in irrigated
areas will have to be modified to allow the inclusion of a ‘ mixed’
system in which both the cE(}p aud animal husbandries play their
part. e

This brief diseussion is, ¥ think, sufficient to give some indieation
of the magnitude of the cattle industry and eof its actual and
potential value to Iwndian agriculture. In
actual value (ineluding the value of dairy
products) the industry eontributes at a very rongh estimate about
1,000 erores of rapees o the agricultural income of the country,
which bas been assessed at a total of 2,060 crores of rupees. The
potential value of cattle as a means of raising the level of fertility of
the so0il and of thus ilnercasing the output of beith caslh and food
crops 15, 1 believe, iucaleulable,

Conclusions.
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CHAPTZER VIII -General Discussion on Cattle Improvement,

Defore dealing in detuil with the problems involved in the breed-
ing and feeding of dairy eows, it secms desirable fo discuss brielly
the steps which have so far been taken to improve the general stand-
ard of Indian cattle. I should make it clear that the measures
adopted have been largely limited to drauglit breeds and general
utility animals, and have not ineluded milkicg breeds. A very fuil
discussion of the measures necessary to improve Indian cattle is
piven in the Report of the Royal Commission en Agriculture. It iz
not necessary for me to recapitulate the conclusions of the Report.
It may, however, be said that the two chief methods of imprevement
adopted have Leen the provisien of pedigree and improeved bulls, and
the castration of inferior males, I will be instructive to see how far
effeet has been given to the Reyal Commission’s redommendations in
theve {wa matters,

As regards distribution of pedigree bulls issued from Govern
ment Falm.s, the Ioyal Commission drew  attention te the very

) limited progress achicoved wp to 1926 in com-
.b_If’S“B of pedigre® . rison with the ueeds of the cattle popula-
alis. . . S
tion  of  the countey(1}. The - Commission
caleniatod that an annual supply of some 200000 bulls was necded,
but showed that u the megjor provinces only a little over 500 per
year were acinally issued,  Tabie 23 indicates the comparvatively slow
progress made sinee the date of the Commivsion’s Report.  Although
the number of bulls sued anmunlly from Government Farms has
heen mearly douvbled, the tefal is still only a mingte frafion of
Dudia’s  requirements. These  fisures  do nof, however, show the
toial number of Lulls jssued, sinee approved animals from sources
other ﬂmn Government Farns are also (distributed in certain pro-
vinees,  Thirs 300 to 100 approved bulls are distvibuted annually in
tiie United Provinees, 40 to 30 in Bombay Presideney, and 22 1o 30
in Deuaal. A falrer estimate of progvess is thercfore given hy the
number of pedigrer and approved bulis actually af stud. The e are
shiown in Table 24, The Royal Commission estimated that India
necded ronghly one million hme\hnw bulls ; the present number of
pedizree and apprmr\d animals represents only one por cent, of this
reairement.  Moreover it ig signifieant that the pumber of new bulls
fessted vach vear is only «lightly greater than that needed to replace
existing animals on a 10 to 15 per cent, basis of annual wastage.

It may be wrged with some justification that these fizures give
i mistencding topression of the real suceess achieved by the policy of
bull di<tribntion, since they give nio measure of the.actual improve-
ment in local stock whieh has faken place as a result of the seheme.
There i no doubt that sueh improvement has been most marked : it
was hwdeod apparent to me Auring my tour that in these areas in
pedizree ov approved bulls had been placed the stock were
ﬂ-‘:?\' of an Improved physigue aud appeare ! o be better cared
for. Tt s 1‘(‘-‘\'-'~"'m' unfortuns atg thut some Gqua I'*L..L Meagire of

'

(V) Iopuort of lln Boyal Leza mi

RSB HUE N

01 on Af"rlr,ul{m in 11‘ fa, p. "1,3 r"rmi(
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improvement is not available. 1t is Lere, I believe, that breeiing
contral and the registration of progeny wenld be of speciz! veloe
Such a system of registration wouid ot enly provide a rweuasure of
the progress achieved, but would also provide # reservoir of improved
stock for distribution to other distriets. Probably the Dbest exampie
of the application of this system js to be found in the Bembay DPrest-
deney., Here, although there ave only 250 bulis noted as * at stad ',
there i a register of over 2,000 mmproved eatilie. Similar systems
have also been adopted in the Nerth-West Frontier Provinee and in
certain tracts in the Punjab,

This raises the general yuestion as to whether in altemptinr to
aceelerate progress ip live stoch Improvement coliance can be plueed
on bulls selecied [rom improved eattle fracts
as well as on balls bred at Government Farnms.
On the cne band it has been urged that the
breeding records of stoek reared under village conditions have a lich
degree of unreliability, and that snch animals could net adeyuntely
replace the farm-bred bolls of puarantesd pedigree. On the other
band 1t has already been pomnted out that the nmuber of farm-bred
bulls is seriously limited and guite inadequate for the necds of  the
country. Farm-bred bulls are, moreover, stated to be nnsettled and
difiicult to handle, while they do not always represent the type of
animal which the enitbvator requires.  There is, too, the guestion of
vost,  Faru-bred bulls ave velatively expensive {o vear @ | was, for
instance, informed that bulls at 1wo large nrovineial eentres cost from
Rs. 200 to Rs. 400 to rear, vhile they were sold to Distriet Boards
for distribution in villages at Ra. 100, Villape-bred bulls, on the
other band, can be veared af almost neclizible cost 1o Govermment.
Moreover the purchase of village-bred bulls for distribution gives a
most valuable slimulus to improved eattle-breeding in the selected
areas : by providing a merket for such improved stoek, Government
is giving direet enconragement to progressive breeders,

Fedigrue Tersus
approed bulls.

I think that this question mieht be summed up hy saving that if
any widespread effect is to be obtained by the distribution of buils,
it is estenfial that inereasing nse shoull b2 made of the inprovesd
{and rogistered) animels bred under villame conditions in selected
breeding tracts.  ©nly by this menns will it be possible to sunply tie
vagt number of breeding bulls required throughont Tndia. On the
other hand it is equelly neeessary that * tvpe ” shonld he preserved
withtn each breed. For this parpese it is, T believe, essential to
niaintain Government breedine Farms where the metliods of bhreeding
can be aceurately eontrolled and breeding records can be thorough'y
Telied upon.

The second general method of effecting caitle imiprovement on
an extensive scale ig by the eastration of all Inferize males. The
nimber of animgals castraied  at  veterinary
Lospitaly and dispensaries and on tour have
rmors than' donhled dirine (e lost decade as
shown in Teble 25, Troeress in this dircetion bhas however, varind
from provinee to province. and it is significant that coo-thirds of tle

Tha problem of the
scrub bull
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total number of dastrations have been done in thtee provinces, the
remaining provinees showing very small returns (Table 26). It is,
of course, extremely difficult to determine the extent of improvement
of stoclk which has taken place as a result of this widespread castra-
tion peoliey. No records are available to show what proportion of
castrations are carried out on the undesirable types of ¢ serub * bull,
and what proportion merely replace castrations previously carried
cut by the more crude village methods(®). It is stated that there
is diffizulty in getting young stock ecastrated at a sufficiently early
age, a point which formed the subject of one of the recommendations
of the Royal Commission. This recommendation, which was that
experiments should be carried out to determine the effect of early
castration on subseguent development(®), does not appear to have
been put into effect.

-

While it is difficult to assess the value of the present castration
policy so far as the country as & whole is concerned, there is, T feel,
one dircetion in which future action should be concentrated, namely,
the intensification of eastration measures in selected hreeding areas
A policy which included the distribution of pedigree balls to selected
areas and the registration of progeny in those areas, combined with
the castration of all inferior male stoek and if possible the inocula-
tion of all lozal stock against rinderpest, would represent an ideal
method of effecting live stock improvement. If, as I recommend in
a later chapter, bleedmg, cagtration and dlsea&e control are placed
under a single Department, it should not be difficult to ensure that a
real drive is made along these lines in the direction of improving
Indla s eattle. ‘

(2) Tt is interesting in this commection to note the comment of ene Director
of Veterinary Services *‘ In areas where the locul zamindars are ﬁcrlwg
hamedit from cuttle breeding they wvery definitely diserimimate against the acru
bull, and we have comparztively little difficulty in castrating their inferiox
male stock 77, ¢ . :

(8} Loc, cit, p. 238
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- OHAPTER IX —The Breeding and Management of Milch Cattle,

In the previcus chapter I have dealt with eertain general
methods of effecting improvement in the breeding of Indian cattle
under village conditions, These methods have so far been chiefly
applied to cattle of draught type. In the present chapter I propose
to discuss in detail the breeding and management of cafttle of pre-
dominantly milking typa.

1 have already stressed the need for increasing and cheapening
mwilk production in India if the population is to be able to securek

Importance of in. adequate. snpplles of milk at a reasonably low;
eréasing per capita PriCe- There is probably no single measure
mik yields. -which could do more towards achieving this

gim than an improvement in the milk ylelds
of Indian cattle. At present the wmilk yields of village cattle are
exceptionally low. Table 33 shows, for example, typical yields
estimated in recent surveys(!) for Pritish Indis. "The average is
only a little over 600 Ib. per year, which would represent a maximum
average daily yield of, say, 4 to 6 1b. On theoretical grounds alone
this yield is bound to be uneeonomie, since the amount of food
required for the maintenance of the eow ig very high in comparison
with its production requireménts. Any increase in the per capifa
vield would spread this maintenanee cost over a larger output of
milk, with a consequent lowering of food cost(2). 'The cost of labour
and of depreciation of stoek wonld alse be reduced with the higher
yield. Table 27 shows that this conclusion is borne out in prae-
tice(3). The figures show elearly that the higher the yield the lower:
are the relative costs of labour, depreciation and food. Moreover i#
is significant that the reduetions in the relative costs of these items
are greatest at the low levels of milk production which are character-
istic of Indian village cattle. Figure 1 illustrates this fact in refa-
tion to feed costs. It will be seen, for instance, that by raising the
evel of milk productmn from 7 1b, to 14 1b. per d.iy the food require-.
ment per lb. is reduced by nearly 50 per cent. Figure 2(%) shows
.hat this finding is identical with that arrived at independently in

(1) Results of Provineial Marketing Surveys,

. {2) Thir statement needs amplification. It has been stated in Chapter VII
hat the eultivator can afford to dispose of his milk at a price below the costs
if production as found on Military Dairy Farms and other spocialised milking
wrds. The cultivator's presemt method of milk production is, however, only
‘heap in the-sense that it does wot invelve him in any direct additional ex-
wpditure, the animals being fed on the by-products of the cultivation of food
wops stich as riee, wheal, maize apd millet. But it is in faet an extremely
meconomic method of milk production. The low yields involve g relatively high
ost of maintenance per unit of milk produced ; poor feeding delays the attain-
acnt of maturity and thercfore lengthens the unproduatwc period of life ; while
nadequate nutrition and poor management also tend to lengthen calving penoda
ud therefore to reduee the total output of milk during the life span.

{2} K. P. B Eartha., *‘ A nole on the comparative economie efficiency of
he Yndian cow, the half-bred cow and ,the buffalo as producers of milk and
utter-fat.’’ Animal Husbandry Wing \ﬁizeﬁng, February 1833. The fHgurcs
ofer to animals of diffcrent breeds, but Berve to illustrate the general |principle
nvolved.

{t) U. 8. Yearbook of Agriculture (1935}, p. \59?
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otber countries. 'The trading results of a well-known herd of Indian
dairy catile may be quoted as an example of the benefit derived from
high milk yields(®}. While the average milk yield of the cows in
this herd was below 4,50( 1b. there was a coustant trading loss averag-
ing at about Ry, 1,600 per year. .An increase in the per capite milk
yield to between 5,500 and 6,300 eonverted this loss to anm average
profit of Rs. 1,200 per year. While other factors may to some extent
have contributed to this achievement, the eorrelation with increased

milk yield is too clear to be a mere coincidence.
These facts will serve to emphas;se the importance of 1mpr0vmg
the milk yields of Indian cattle. It is, however, equally necessary
to take into account-the diverse needs of “the
hfﬁaimﬁffg“‘ different branches of the Indian dairy’ in-
) dustry in deciding the breeding policy-to be
adopted. It will be understood that these needs Viary according io
local circumstances. For city milk supplies, for example, an animal
is required which will give relatively high yields. Fodder is costly,
and the rent of premises is also a heavy item of expenditure. Only a
high producing cow can be mainta-ined economically under such con-
ditions. At the other extreme there are draught breeds in which
"Lhe primary purpose of retaining the cow is to produee good ‘working
‘bullocks. Milk is here an entirely secondary consideration, though
it is obvivusly desirable to obiein as much mik as possible frt)m the
cow provided thal ‘this does not result in any deterioration in the
inheritance trf draught quahw Between these two extremes there
are so-called ‘ general utility ’ stock which give bulloeks of reason-
ably good physique, #nd cows with.a fair though not high milk yield.
The breeding policy to be adopted will obviously depend on the
nature of the local requirements a8 well as on the type of cattle avail-

able, :

It is, however, also essential that, having decided what policy to
adopt, this should be continued anterrupted over & long period of
vears. There is no branch of animal husbandry

m TRRE® policies. which changes of policy can do so
much harm as in breeding : if the changes are frequent no construc-
tive breeding is possible ; on the other hand if a policy whiek has
been maintained over a Iong period is ultimately abandoned through
some adventitious factor such as financial siringency, many years
of construetive work will be wasted. Unfortunately 1 found that
the value of adopting long-range eattle breeding policies had not in
the past been sufficiently appreciated in India. There was a general
tendency io change the method of breeding prematurely if satis-
factory results were not quickly attained. As an extreme examyle
I may quote one College dairy herd, in which seven changes had been
made in the breeding methods over a period of less than 25 years.
The adverse results of this vacillating poliey were quite apparent at
the time of inspecting the herd. There are also instances in ‘whieh
the results of valuable breeding work has been destroyed by preci-
pitate Government action. The history of the Scindi breed provides
one of the worst instances of such Qhort-sxghted poliey, T

{8) Private communication’ from Lyallpur Agricultural Goﬂcge. '

i
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_ "1 have fett 1t desirable to stress these two points—the necessity
of formulating breeding programmes to meet local needs and the
urgenecy of ensuring thut such programmes are not prematurely in-
terrupted-—because~they form the foundations of any successiul
breeding policy. I will now turn to certain questlons which are of
special importance in deciding on breeding policies in India,

Owing to the relatively low milk yields of indigenous Indian
breeds it is, perhaps, nathral that breeders have tended to rely on

: crogs-breeding with sires of  Thigh-yielding
u&;sﬁim‘ VOrSiS  Bwropean breeds to raise the productivity of
local stoek. This poliey has  been ‘widely
adopted by the Military Dairy Farms and also in a number of Agri-
cultural College dairy herds. The immediate results are eertamly
striking. The first cross (half-bred) gives on an average double the
yield of its indigenonus dam, while it also breeds more regularly.
With further crossing the results have not, however, been so sue-
cessful. Mating half-bred to 'half-bred is of very . questionable
value ; even if a fixed type could ultimately be obtained (which &
doubtful) the amount of  culling ' of unsatisfactory animals would
make the method extremely expensive. Back crossing improves tie
constitution but reduces the milk yield. Forward crossing, on the
other hand, while maintairing milk yield is liable to result in a
deterioration of physique and in high mortality, particularly among
calves. This Iatter difficulty has to a great estent been overcame by
improved technifue in calf rearing. Deterioration in the constitu-
tion of adult stock appears to be due not so much to the cross-breeding
as to the effect of high milk yield under the rigbrous climatic condi-
tions of Indis. Thus it has beew shown that there ave indications of
increased suseeptibility to disease and less of eonstitution even. among
Indian dairy eattle when their milking performances improve(%),
J'ypical milk yields of the various crosses are shown in Table 28,
The striking and immediate effect of the mtrnductlon of European
blood on milk yield is clearly shown,

It must, however, be emphasised that these results have been
obtained in herds in which there have bheen exeeptional faeilities for
the control of breeding. At other centres where cross-breeding has
been practised the results have not been so satisfactory. Even m
some (}ollege herds ‘the deleterious effect of badly eontrolled cross-
breeding is apparent from a superﬂeml inspection of the stock. More-
over at Military Dairy Farms and in Agricultural College herds the
enimals Teceive adequa‘re and well-balanced rations. In this con-
"nexion I would efaphasise a point which has been made in a recent
publication, namely, that while European cattle have been bred to
earry those characters which assist the effective use of the largest.
possible guantity of food, Indian eattle have been developed to maLe,
the most efficient use of the smallest gqnantity of food(7). It is not’
surprising therefore that in the hands of gowalas and similar un-
e,ducated gwners of milking stoek "hp l:e‘:ults of cross-breeding have

{8) K. P. R. Kartha (Joo. cit). &+ .

- (7} J. Matson. “f Catfle in relation to Africultere in Imﬂa” Journ.
Cent. Bur. Animal Husbandry end Deairying in Iadia, 2, 8% (1928)%, - ~
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“been frequently disastrous. Type is entirely absent, the animals
may or may not give goed yields of milk, and there i a notieeabie
deterioration in physique. Sueh results are inseparable from un-
controlled methods of cross-breeding combined with indiseriminate
‘feeding. It is for this reason that I am convinced that, however
valuable eross-breeding may be in herds which are under expert
" eontrol, the general adoption of a poliey of cross-breading to tmprove
the yields of country stock would be fatal to the development of
sound dairying in lndia.

If, however, cross-breeding is to be discouraged, what alternative
remaing which will provide animals of equally satisfactory milking
capuacity ¥ The answer fo this question may
bz found in the extensive brecding experiments
which have been carried out at various
centres and whieh show that by careful selection indigenous strains of
Indian cattle can be built up which are capable of giving remarkably
high milk yields. Table 29 shows the improvement effected in four
prominent Sahiwal herds. This improvement has been  extremely
rapid, the average milk yield in two of the herds having been more
than trebled within 20 yeurs. Table 30 shows the distribution of
milk yiclds of three other pure-bred Sahiwal herds. In comparison
it may be noted that the average lactation yield of the Ferozepore
kerd over the past four vears has been roughly 7,000 1b. milk in an
aversge of 340 davs, Out of 290 vecorded lactations 30 excecded
8,000 b, 16 excecded 9,000 b, and 6 exceeded 10,0600 Th. These
figures Bot only show the marked and rapid improvement which can
be eftceted through eareful breeding, but indieate that the levels of
mitk vield finally obtained are comparable with those found for
average Buropean stoek (8).  Other breeds have not received so mueh
attention as the Sabhiwal, but there is evidenee to show that these
also have ereat potentialities for milk. The average yields of animals
in the Hariana and Tharparker herds which were established by the
Imperial Dairy Expert at Karnal in 1923 have inereased from under
9 1h. to between 13 and 14 1bs. The average lactation yields of
animals in these herds are now over 3,500 1bs. in 300 days. Seindi
eattle have not heen so earefully studied. but there are indications
that this breed algo lias hich milk potentialities. At the Hosur Cattle
Farm the average Tactation vield of the Seindi cows is 3.250 Ths.
milk in just over 300 davs. At the Twperial Dairy Institute they
have shown & 20 per cent. increase in yield in three years.

Value of indigenous
milking breeds.

I do net think that it is necessarv to quote further examples of
the potentialities of indigenons Indian breeds to give high milk
- vields. The poliey of encouraging the breeding of such indigenons
- stock in preference to eross-breeding has been stronely advoeated in
© other tropical countries. Tn a Report on Cattle Breeding in Jamaica
and Trinidad(?), Dr. Hammond states ** Apart from the time it

; (%) Aecording to  AerienMtural Statistica (19353 the avernge lactation

. Y¥ielils of British dairy eattle were 4,820 lb. and 5,390 1b. in 1924-25 and 1930-3f
 tespeetively,

. (M) Jokn MMammend. ‘¢ Report on  Cattle-Breeding in Jamaiea and
Trinidad *°, Bapire Marketing Board Publication Neo, 58 (1932).
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would take, T can find no evidence that mere selection (combined with
better feeding) of the loeal stock would not produee egually good
results.. ..... There can be little doubt that European stocks, even
when bred pure, gradually iose their type under these (tropical)
conditions and require continual importations to maintain their form
and constitution . Mr. F. A, Stockdale, writing of conditions in
Nigeria(1?) states ‘‘ The introduction of strains from outside will
only add to the eomplications which already exist and produee an
even more heterogencous eollection of animals than at present
exist...... In my view a policy of rigid selection from the local
eattle would be more ealenlated to produce results of lasting value
than could be achieved by the introduetion of the blood of strains of
cattle from outside . 1 consider that these views are equally applic-
able to Indian conditions,

In practice, however, one of the diffienlties is that the building
up of high milk yielding straing is relatively slow in comparison
with the jimmediate results obtained by cross-

deﬁflii;?;’;my highg: breeding with European stock. On account of
milking strains. this faet it appears almost inevitable that

reliance will eontinue to be placed on cross-
breeding for high milk vyield until there is a sufficient nucleus of high
vielding Indian cattle to supply the necessary number of improved
stock for nse in loealities where high milk yields are speeially
desired, as for example, in the production of milk in the vicinity of
cities and Jarge towns. This indieates the exireme argency of taking'
mnmediate steps to extend the faeilities for selecting and improving
mdigenous milking straing of Indian eattle. Definite proposals with
this objeet in view are pnt forward in Chapter XTI
I should perhaps add that T do not consider that such efforts
should be limited to those breeds which are recognised as predomin.
antly milking types. Tuble 31 shows that improvement ean be looked
for in the milking capacity of most breeds other than those of purely
draught type, such as the Amrit Mahal and the Ifissar breeds. Ewvep
the latter breed is found to possess strains of speeial milking poten-
tialities. In any such breeding for milk yield among draught cattle
1t is, however, essential to guard against deterioration of dranght
qualities. This point was stressed by the Royal Commission on Agri-
eulture who stated that ‘¢ in attempting to seeure more milk from
the five types of draught caftle still to be found in many parts of
India, there is a real danger that the qualities which have in the past
commended them to eultivators will be lost (11},

(10} F. A. Stoekdale. *f Visit to Nigeria, Gold Coast and Sierra Leoue.’’
Colonial Advisery Council Publication No. 270 (1936).

{11) I have not felt it nceessary to diseusg the controversial questionas
involved in dual purpese breeding. I believe that the controversy is largely ~
founded eon a miseonception of the genctic lupllestions of sueh breeding, as’
well as of the needs of the eultivator. The subjeet has heen adequately -leslt:
with by Sir A. Olver in an article entitled ‘¢ The Inadequacy of the Dual’
Purpose Animal as a Goal of Cattle-Breediag in Indin 7, Agrie. and Live Stock’
in Indie, 6, 389 (1936). It is also referred to in an informative paper by,
Colonel A. Matson entitled ¢ Cattie in relation to Agrienlture in India ’%
Journ., Cent, Bur. Anlmel Hush, and Datrying in India, 2, 185 (1028), o
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An essentid]l step in developing bigh milking strains of Indian
breeds of ecattie is the estdhlmhr:aen+ of herd-buoks and of a system
of milk records. In purchasing (hdught
animals it is possible to judge the merits of
an animal by its conformation and perform-
ance. Mllk animals, however, present a ditferent problem since con-
formation is only one mdleatmn of milking capacity, and performance
can only be judged from carefully kept records.

Preliminary steps have already been taken in this  direction.
Through the initiutive of the Imperial Couneil of Agrienltural Re-
search, information has been collected which will enable the charaster-
istics Of the seven chief milking breeds to be defined(*2). This is
cbviously the first essential bt@p in the establishment of herd-books,
Arrangements are being made to open the herd-books and to estab-
lish milk records systems at an early date. I shall refer to this pro-
posal in tore detail jin Chapter XII. At this stage T should, how-
ever, point out certain incidental advantages of the scheme. In the
first. place it will provide a most useful index of progress in ihe
breeding of milking types. At present there is no systematic informa-
tion available on this subject. It is known that the yields of indivi-
dual herds show improvement and that the number of animels of
proved milking strains is increasing. There is, however, no central
authority which is in a position to colleet this scattered information
and eollate it into a form which will show the extent of progress
achieved. In the seeond place the colleetion of milk records will form
a most valuable source of information for future investigations into
faetors affecting the vield and quality of milk. This has been the
experience in Great Dritain, the United States and other advanced
dairying countries, and it should prove of even greater value in India
where conditions are so diverse and where aceurate records are diff-
cult to obtain. 1 should point out that investigations into such
subjects as the shape of the lactation curve and the effect of age un
factation yield are of more than academic importance, The results
of such imvestigations enable milk yields obtained under different
conditions to be standardised to a single basis of comparison, a pro-
cedure which is essential for a true judgment of milking perform-
ance{'?). In the third place the defining of types in connexion with
the establishment of herd-books will be of direct educational value
to practising agrienlturists as well as to students of agriculture and
veterinary seience. In this connexion I was some“hat surprised to
find that at many edueational centres the only disgrams for use in
explaining the ‘ poiuts 7 of daire cattle were those issued in eon-
nexion with European stock-jndeing. It is obviously desirable that
Indian students shonld be tauwht stoek- ludolna in relation to their

The need for regis-
tration of milch cattle.

(12 The breeds sp f"r inelnded are tus  Sahiwal, Seindi, T’h.xrpamer,
Hartuna, Gir and Ongole, and the Murrah bufialo.

(13) Work of fhis nnture has already been carried ount hy 1. C, Sikka.
Indian Joura, Vet, feiciee and Animal Husbendry 1, 63 (1931) and 3, 40
(1033}, an’ hy K. P. R. Kartha, Idid. 4, 36, 124 and 218 {1934). Tic
estoblishment of a proper system of milk records will enshle the results of
these wuthors to be ecoufirmed and extended.
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own dairying types, and not o imported breeds. 1 might note alse
that a scale of points for jJuduing buffaloes did not appear to be
used at the majority of colleges. 'V'his also should be remedied when
the definitions of herd-book types are onee available.

These three advantages are, of course, cntirely subsidiary to
the main purpose for which the herd-books and milk record registers
are 1o be established, They serve to show, however, that apart from
its purely commercial aspect, ilie proposal is of direct vaiue from
the point of view of both education and research.

The Royal Commission rightly stressed the importance of she-
buffaloes as the chief milk- producmo- stoek in India. Thus they

wrote that ** it is the number of she-buffaloes,
,bug;‘l’o.“w versus the not the number of cows, that has to be taken

Into account when secking an index of the
milk production of a provinee....... ‘Wherever an important
market for ghee ex:stn, it is the she-buffale which mainly supplies
it (), It is indeed not difficult to explain the popularity
of the she-buifalo. Iler average milk yield is markedly higher than
that of the ordinary village cow, the butter-fat coutent of her milk is
also higher than that of cows’ milk, while she appéars to possess a
remarkable ability to eonvert coarse fodders into milk. Considering
the poor nature of the fodder normally available ander village con-
ditions and the hard conditions under which the animals have to live,
the hardiness of the she-buffalo is a most valuable asset to the culti-
vator,

The popularity of the buffalo is reflected in the eensns statisties.
Table 32 shows the number of cows and she-buffaloes reeorded at
five-year intervals during the past twenty vears('3), 1t will be seen
that while the number of cows has scarcely altered, the rimber of
buffalces has risen by 13 per ecent. The importance of the buffale is
aleo seen in Table 33, which shows the number of cows and she-
buflaloes, their relative milk yields and the extent to whieh they eoun-
iribute to the total milk production(!%). Numerieally cows exeecd
she-buffaloes in every provinee but the Punjah., The she-huifale
makes ap for this defiviency, however, by her higher milk yield, with
the eonsequence that in five out of the ten provinces she actually
produces more than half the total milk production. Tt is signifieant
that the main ghee producing areas of India are sitnated in  these -
provinees. In British India she-buffaloes provide 47.5 per cent. of
the total milk supply ; in India as a whole (though the figures are
incomplete) they provide nearly 45 per cent. {17},

The value placed on his she-buffaloes by the cultivator ig aln
apparent from their betier nenrished appearsnce in comperison with
eonnfry cows, and from the faet that evon urder villimn condi-ioms
Uhelr mille violds are exeeptionzile hivin. Tt 1+ questionalle wheth v
under present conditions of feeding and wanaesment tho dairs cooy

(14) Loc. eit., p. 184

(15) Agricaltural Statisties of India, 1934-35.

{16) Results of Provincial Marketing Surveys,

{17) Thess Bgures exclude the output of gouts’ milk,
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eould displace the buffalo : as has been apily stated *° when prices
of fodder are jow the she-buffaio can compete witl any breed in butter
production and heat the ordinary Indian cow in the production of
both milk and bhatter. This.is the main reason why the villager pre-
fers the buflalo to the cow mnotwithstunding the fact that he has to
pay a higher price for the buffalo "'(*). Whether the same argu-
ment ‘would hold if the cultivation of better types of fodder crops
were to be widely emploved is doubtful. The Military Dairy Farws
have found that under good conditions of fecding and management
the ordinary Sshiwal can produce as much milk as the buffalo, while
Ligh milking strains of the breed will produce over half as mucit
again. On the other hand it should be pointed out that no serious
attempts appear to have been made to improve the milk yields of

- buftaloes by selection and breeding from high yielding strains—a

subjeet which is worthy of extensive study. In the mcantime it is
certain that for many years the she-buffalo will more than held her
own in competition with the cow as the premier miitk producing animal
of India,

In a country which has an exacting climate such as that experi-
enced in the plains conditions of [ndia, manarement is an extremely
important factor. This is true even under
village conditions, where high milk yields ave
" not looked for. DBut with intensive milk pro-
duction there is bonnd to be a constant rivalry belween constitution
and cconomic performance, This is a subject whiech has recetved
comparatively little attention in India. It is therefore extraordi-
narily interesting to find that where systematie investigations have
been earried out (as in the Milifary Dairy IFarms) it has been shown
that the preservation of constitution is a very definite limiting factor
in attempis to improve milk yields beyond a certain level. It has
been found that this maximum limit of mitk production is affected
by numerous external factors, such as diurnal and seasonal varia-
tions in temperature, the humidity and the extent of artificial pro-
tection given to the animal against excessive heat. Cross-bred stock
are more susceptible to such influences than pure-bred Indian stock,
and these in turn are more suseeptible than buffaloes. These conelu-
sions have not only been reached by general ohservation, but by
direct physiological tests such as a study of the respiration rate and
body temperature.

The management of
milch cattle.

Any breeding policy must, in fact, take very carefully inlo
aceount the environmental eonditions under which the animals have
to live. Attempts have, for example, been made to improve the size
and draught gnality of dwarfed country-bred stock by supplying
sires of a larger physigne. Such attempts may do more barm thzan
good unless they are accompanied by measures to improve the en-
vironment of the stock, including their feeding. Tt is interesting to
note in this connexion that the speeial distribution of a thounsand
improved bulls which forms part of the recent eattle improvement
scheme in Bengal has been accompanied by the distribution of over
a million cuttings of Napier grass.
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The eonstitution of milking stock 18 closely rvelateld to ether
factors concerned in management.  Baely mziurity and inereassd
frequency of calving ave two sueh fuctirs In a series of biterest-
ing experiments at the Daperlal Meciculoes] Deesveh Inwitnter™)
it Las beenl sicwn fuay Dewers of 1ol BN vl v be calved
siecessfully at for earlier ages thun had bLitberts heen deemaed pos-
sible, while at this and at other ventres the fength of ihe * dry 7 pediod
bay also been markcdly redueed. These chionges in technique are
obviously valnable from an ceonemic point of view, sinee iher tend
to ~horten the periods of nuproduetive iife. The investisintions have,
however, so far been carried ont only uuder optimun conditions of
freding and managenment. 1t remains to be seen whether thew could
be applind under the adverse cavirenmenial eondiiiuns connnoidy
existing in less efficiently run herds<. It is fndeed gulte possible hat
the late maturity and tong dry periods of country-bre ! stock consti-
tute patural safeguards aesainst gverstraining the con-titution of in-
adegnately nourishied stock, givine opportunity for reowth amd fer
the replacement of hody tissues utilised in the production of milk,

These and other points of manseement are  of  furdamenta!
importanee for the maintenance of a sound constitution in hiel milk-
ing stock. In the past msulficient attention appears 1o have  hbeen
paid fo this subjeet. T am strongly of oninion that (fe mutter should
be looked on as one of the major subjects for investication in coit-
nexion with the breeding of tmproved stoek

This diseussion wonld not he comnplete withous a brief reference
to the potential importanee for the Tvdinn enttle industes of veocnt
investigations into two subiocfs napelyv, hor.
mone therapy and the teelrdque of ortiieial
insemination.  Yiormene theraps  provides a
possible method of freating the varions breedine irregnlaritisg whieh
are found among Tndian stock.  Some zsveress has alveeady heen
achieved in this direction hut the subhjeet 1s one wwhieh merits mueh
close and continnons study in eonjunetion with o well  equipped
lahoratory.  The teclmigne of arrifici! jnisenh s mew peehy
a stage when it is eapable of widesnresd anpiient on i the LSVRIR ERET:
of live stoek. Tt has been practised with eproat snecess in the Spvist
Union, where it was necessary to huill 1 Taree hevds of imnrovidd
stoek within a relatively short perind of time(™™). Tndin is  of
eourse, faced with an exactly similar prelilem, Tt g verv onection-
able how far the method eonr!d he anplied as a direct me ns of Bapoov-
ing conntry stock @ the difficuities of treusport. the lack af  com-
munication. and the jenorapes snd probable peejodiee of (he enlti-
vator would present almiost incunerable ohtoeles,  Thers e, however,
na cdoubt that the utility of 1lie methad naeht o be jnvestioatad in
some of {he lirge Government eattle lrnoding centres. where adequate
facilities ave available and where hroodine confeal i< anwible,

The physiology of
reproduction,

i

an Ahe P
o fndin, 4, 105 and 81,

. .(IHH V_E'vn_m‘ Spser, O Feadinge and Flandling Pxpoerinents
I-‘('dlgl_'en Sabiwnl Herd, ! Aarie aded Live.Stack
(19341, Ao poerson.] coommunientions,

(18y Ao W o The Teehnigque of  Artifieinl Insemination.”” Tmperiad
Bireawu of Animnl Geneties, Edinhurgh (10333,
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€HAPTER X.—The nutrition of milch cattle.

There is no doubt that the majority of Indian dairy cattle are
serieusly underfed.  This is apparent frem a superficial inspeetion
of village stocis, which lack the sleckness and
India’s total foddex 11,0, (f well fed cattle and not unfrequently
resources. have an emaciated and malnourished appear-
ance, It is egually apparent from the slow rate of grewth and
maturity and the long dry periods of Indian cattle which are kept
under village conditions. 'Thus 1t is quite usual for a cow to drop
lier first ealt at 4 to § years of age, and to have calving intervals of
up to 600 days. That tliese are not hereditary failings s proved by
early nturity and controlled breeding experiuents in lerds wheve
the feeding and management are satisfaciory. Moveover. it is
sienificant that a eareful analv«is ol the yieids of purcbhased cows
show that sueh animals pive an avernee werease of 60 per eent. in
their milk vields solely as a resalr of bedier feedinge and mavacement.
It may indeed be stated thai inadequate nutingon s at present the
most fmpertant sinele tedor jnoaeeswiting for the fow yields of
Ceowalry T oeows, fC We gve satis{ied 77 the Royal Conunission have
stated (") 0 that 1o substantial improvement in the way of breeding
s possible uuti] the catile can be better led.”

1t is ditficult to avrive at any accurate estimate of total quantities
of feeding stuffs avallable in India. This is partly due to the
inaceuracy and madequacy of available statistical data. [t is also
partly due to the fact that little attention is paid to the feeding value
of the different types of fodder. Tt is very desirable that steps should
be taken to improve the sources of information at present available
on these two subjects.

I bave, however, atfemnpted to arrive at a figure, admittedly
approximate and open to criticismy, which would vive some indication
of the quantities of feeding stuffy available for cattle. This inforna-
tion iy summarised in Table 34 Drvy fodders refer to the estimated
guantities of straw derived from rice, wheat, bavley, bujra. and
Juar(*). Green fodders have been caleulated on the basis of an
average yield of 200 maunds per acre and a total crop area (for all
India) of 14,000,000 acres. The figures for concentrates and cotton-
seedl are rough estimates(®). The natrients have been ealeulated
from standard American tables(*). It is probable that the guantity

(1) Royal Commiission on Agriculture in India., Cmd. 3132 zi’28), ; 201,

() 1-‘ignr_vs obmiued‘ from Agriculiural Statistics of India, 1934-35. The
following grain straw ratios huave been used i——for rice 1 : 13, for whest uud
barley 1 : 2 for bajra L : 24, and for juar I : 3. In addition allowance has
beer made for gtraw obtaived from puises and certain ungpeeified grain crops.
These oveupy an area of abont 66 million acres, and. aliowing the low figure of
1 ton per acre, will provide ibout 16 million tons of course fodder.

(3) The estimates of individual olb-cakes in thousands of tons are linseed
90, groundnut 822, mustard and rvape 56, cuvonnut OO, wiscellineons {8y}
w 200, Cottonseed, valeulated on s production of f millien bales of cotton, wiil
total 2,500,000 tous.

{1)W. A Hewry and F. B. Morrison. “-Freda and Feeding.’’ The Heury
Morrison Company, Wiscunsin,
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of dry fodder is seriondly underestimated, since under Indian harvest-
ing conditions the grain-straw ratio is likely to be abnormally low.
There are also certain other natural fodler resources, such as natviral
grasses and eertain edible shrubs and bushes, which are not included
in the above estimate. 1t will, however, he of interest to determine
how far the total nutrients shown in Table 34 would be adequate
to meet the requireruents for milk production alone, assiming for the
moment that the requirements for growing stoek and for working
cattle conld be met from grazing and from these other miscellancous
sourees.

India’s total output of milk has been estimated at 800 miilion
maunds. The quantities of nutrients requived to produce this
amount of milk would be 29.530.000 tams of total digestible natrients
and 2,875,000 tons of digestible erwde protein(®). Avcording to
Table 34 the quantities availuble are 51,013,000 tons and 2,760.000
tons respectively. It wiil he noted that while there is an apparent
surplus of total digestible nutrients, the guantitics of digestible
crude protein barely balance. Moreover, it ix quite obvious that
the assnmption regarding the adequavy of vrazing knds and ofher
miscellaneous sources to supply suiticient nutrients for bolh growing
stock and working bullocks is untenuble.  Young stoek in pavticular
require large quantities of profein as well as energy for growtl. The
requirements of working buliocks are also consuderable.  BEstimates
colleeted for the Royal Comumission (%) indicate that for albent 200
days in each wear workiie buliocies requive (apart from grazing)
an average of at least 20 1b. roughage per day, and that for half
this period they require in addition a supplemen of concentraies
it should he emphasised that the pertod during which there s any
eonsiderable growth of bevbame on grazine lands is sivictly lnited -
for 3 to 4 months sueh lands can ouly be lvoked upon ag exercise
grounds, providing indeed an excellont training eround fur young
draught eattle, but no source of wourishment. Iy ihis connexion T
was struck by the almost univeirsa! dowand of the villawes for
inereased grazine land, 1 do not believe that the orant of such land
would alleviate the present shortage of fodder, for the immediate
tendeney would be to over-graze the arcas and leave them barren of
h?r_bage within a comparvatively short pevind.  Moreover, the pro-
vision of additional grazing lind could not improve the food supply
of the caltle during those months when droueht prevents the growih
of herbage. In any event gruzine sunder budian conditions eannot
be Iooked upon as a source of nutrients for milking cattle,

If milk production is to he increased the provision of a very
much larger food supply is essential. The problems involved are
two-fold + first, to increase the supplies of fodder suitable for milk
production ; and seeond, to ensure that the available supplies are
utilised economically. 1 propose to deal first with these two aspeefs of

(6 The requirements are ealeulated as follu
live weight), 0.35 lb. digestible c¢rude protein
nutrients ; for mitk production (8 1b.),
2.8 Ib. total digestible uutricnrs,

(&) Loc. cif, p. UST.

w3 ;A_l‘or maintenanee (700 1.
and 5.0 l}Ib. of totul digeslibie -
0.40 Jb. digestiLie crude protein and

[+1
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the subjest. hasing the diseussion on the recuirements of total
mutrients and of protein. Tn addition the possibility of a shoviage
of mineral eloents snd of vitaeing must be considered. This will
be dealt sith ina ~eparate seetion,

During the past ilirty-five vears a very tarked inerease has
taken place in the ares devoted to green fudder eraps, as showa in

Tobie 35, Althongh the weresge  has  heon
The need for - e thayn frehled devine this pmmll there s
rrendsed cultivation of St (ae has alrewsdy been poted) a serisus
fodder crops. \ X MR
shartaee of Tedder for eattie. Tt is stonifieant
to nofe that the present sevenoe tinder green fod l Toerens represents
anly ghout 4 pev cent. of the totad wea sown,  In Beypf the equivalent
firure is aver 16 per eent.

The first guestion which arises 15 the tepe of fokler which
sliionld he grown T may be staved eategovieat!y that for the neees
sary inervise in the =opply of food Yo midhing eatile iF is useless to
rely on eoarse ey fodder. Such Todder coudaine oo Httle ]Ji‘cm'-in
mm comparison witic the total natrients to he =uifable for wmic oo
dnetion. Tor netk production the mdritive ratio! 7 -\l the a1
must nel be wider fhan 1 2 10, and the bigher i viehi of
narrower should this ratie be, Vhe nnievie 1 i
fact, an excellent index by whieh he antabitins
can he judeed. Dy fodders, sneh s viee straw, end ol
have nutritive ratios of over 1 ¢ 40 e tharafare
unsuitable  for milk  predustion, Grasaoes e :
guinea grass, elephant ovass aud fhie spear oendees Dave neiel ve
ratios of between 1 @ 12 and 1 TU. Thess gogaes are thereinre
reasonably geod sources of nutrieats for onoleh o ( HE R T
fodder of outstanding value are the lex ininons creps such as herveem
(Ecovptian elover), and lueerne  (aiflfay, Those fabilers have
nutritive ratios of 1 : 4 to 1 : 6§, anid woo ddes! Yor mbk pradoerion.
Mureover, thev are of =pecial baportaase fo dndicg sorieclinee by
virtue of their ability to enhance the ievtiiite of the soil, a poins
which has already been siresed in Chapter VL '

It is not easy to determine hoow L.n' aueh fodders ~an he preadend
at a cost which would enable milic praduction tn h\ crofitehiv ns fer
talien.  Figures have beer ehian e(] oo o darge wnimba e oot exoeri-
mental and demonstration farms ia orn oo :
and costs of nroducilon of tvnic ) areen € Prbort i aly
these ficures not ouly sary from cee loead to arciher, bat Jiffer
markedly even in farms situsted ap the sanre locaiity.  Moreover
many of the erops have been erewn on very swell aress and under
partictlarly gond conditions, with amoie mang. ue and irrigstion.
It would therefore be usceless to ar‘-enu’»* to arrive al any avernae
fieures  for the vields and eosts of produetion, I‘{ is. ]m.‘.mvr

J

st e oasse

CeTons,

= the vields

. (.” T, th" rotin h('h.-'l n the (l.r.n- ‘m- [SEHAY p'ot in “lld H 2 Lrlmbl acl
digestible carbohydrates and fals,

y Orher fo!
and shaftsl (Perstun clover). Green folder is rio abisfo Lo 0 pules
green, snd by eotting small quantities of the major erops green for feeding
to eattle,

dore prown an annres oWl arens are e d Creeliigtey ¢oprifiare)




77

" instruetive to examine the eolleeted results abtained from all report-
ing centres. 1t will he seen "-.mi Table 36 that the yields from
eraps of herseom and Dreerns are 2t Teest as el as those from feass
ruirilivies erops sueh ns green Jﬂ'”.‘ and maize(®).  Further, Tabie
A7 shows that the vest of production of lueerne does net  differ
materiaily from that of green meze, while berseen: can be grown

as cheaply as green gwer, I suen results ean be takeu as app]l(' ihla
to most Yodder-growinr areas o Tndia, they constitute a very strong
aroument for cucesurgging the growth of these two leguminous fodder
£TOps.

T have already stated that wide vartations are found in the costs
of produetion of wreen fodder erops. 1t might be supposed that
such varkaions are die o differenees i the meiiids of ealdivation
at the various ceatres. Ttois therefore interestine fo note  ihad
cimilor differeness are fonud g the costs of production of preen
foders crown vn Miliary Dairy oars, where consditious of wanage-
ment and caltivation arve very uantlornn. The averaae eost {)F pro-
duction on steh farms works ou' at O annas per 100 Th, {70, 13
annus per maund), bor the values vary from e, 0-2-11 to Re. 119
per 10 b, a range of 600 per vent,

These Taets elearle Indieate the need for ore careful and
oxfonsive investizations into the factors vesponsible for variations
I the vields and costs of praduetion of caltivated Todder crops. Tt
worbd, wereover, be desivable that any such investigations into erop
vields amd ensis shoold be sapplomented by parcallel mvesiioations
into the vidue of ihe ciforent fodders o the feeding of milking
stock, parvticuiariy in rveeard o their nfheee on the cost of pro-
duciion of mitke Iy this conuexion veference mav be wade to, an
attempi o detevine e value of wreen Todder when ntilised for
mitk prodiuction ' It was Toand thad the addition of 40 14 of
vreeen Fodder per day 1o the rations ol wilking cows inereased 1he
il viehd by #0 per cents o, by TH0 HDh in a A00day Leetation ),
IFihe vost of produetion of the feldor was assunsd 1o be 3 annas
poer omand e neavest avevase fonre ohicl ean be o taken from
Fuble 37, the abileb wmitk vield wowd bave beow obtaimed for an
expenditnee of Reo 2noor st wimder 7 opies per o of snalkoy 1
i questionable whether this could be constdered an ceonomie figure.
This exmnple serves 1o emphasize the need for inelinding in anv
future investisations not endy the cosxte of caltivation of the fodder
erops, but the effvet of teeding these eraps on the costs of production
of wilk,

During the two or three menths imwmediuteiv preceding the
monsoon (and in some aveas the peiiod is vere maeh loneer) there

The conservation of 15 no {'n'\sh todder or hcl‘h_'dgv avallable tor
fodder crops. cattle, Under pressot conditions the animals
have tn qn' inl (]111‘3':0' ihis per eriod on madequatu

(™) I‘he nnrrm\e mtios of greon Juer nud nuize VAT Y v between 1 s 10 and
(A ‘L"‘ “”| 4’! it &
reabeulaten T .111«-'

O Aveorhog (o ], TR oathud's £ anres, the feed eost por b, of miik
oa DMilivary Daisy “Furms varis between 4 and v ples,
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wipplies of coarse fodder. If the eultivation of green fodder
ereps is to be extended it will 'be necessary to convert part of the
produce into & formi in whicl it can ve stored for use during the
fean mwonths. This point was recognised by the Royal Commis-
sion (12), who stressed the value of silage making as a suitable means
of conservation. It is disappointing to find that little or no progress
has been made In this direction during thie intervening ten years.
Silagre is frequently seen at Government demonsivation and experi-
mental furms, but s valne appears to be practically unrecognised
in the villages. There is an urgent need for popularising  this
method of fodder conservation among cultivators. If, as appears
possible, there are unforeseen economic or practieal difficultics in
silage makiug under village conditions, these should be inguired into
and where possible rawmedied. Sllage i3 of sueh potential value in
mpreving the antrition of cattle (particularly of growing stoei and
mitking cows) that every effort should be made to encvourage its
production.  As the Roval Comanission have stated, ** small rations
of silage fed 1o the hungry cows and younw stoek of the eountry
durine the season of fodder <hortace would, we think, do mure than
auvthing else 1o brityz about a répid change in the gnality of Tndian
cattle 7. )

Silage making is not, however, the only [easible meihod of
conserving oreen fodder. In the hot clirmate of India it should be
possibile to devise cheap methods of drying  green  evops.  Such
methods would be of special value in irrgated aveas, where any
surplus green fodder conld thus be made available for transport 1o
less fortile arens.  Artificial deving is out of the guestion, not
aily on account of the hich cost of machiuery, but because of the
heavy costs of maintenance and fuel. Moreover, in a hol and dry
climate the employnient of artificial wethods of deying should not
be nevessiey. There appears to be no rensun why green erops should
not he suti-dried by wethods similar to those employved in Seandinavian
counivivs, for example, by the use of tripods, wedge-shaped
haliew frames or spaced poles. Dryving under thess conditions is
extremely ranid, even with relatively * stepiny 7 material such as
eoarse white clovers, The wethods are, morenver, simple and -
expunsive.  There is no doubt that any substantial inerease in the
cultivation of green foider ervops will necessitate the introduction of
Iproved methods of conservation, and I feel that this offers promis-
ing field for study (1%).

A further indireet method of conserving the feeding value of
fodders (particularly of coarse fodders) is the eutting of the erop
at the right stage of growth. This also formed the subject of a
recommendation of the Royal Commission(1*) who stated ** We are

(12) Loc. cit,, p. 206.

(13) It should be noted, however, that d'fieulty is Iikely to be met throuch
Fhe Q;\tr(u.m brittleness of the leaves of craps such as herseem and Iueerne,  This
is ‘:e1errcr_lvto in a paper by Wynne Saver entitlod ¢ Berscem as Green Podder,
Hay and Siluge''.  (dgvic. aid Aaimal dusbandry, 4, 21 (1934).

(14) Loc. cif,, p. 209,
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not satisfied that this subjeet has received enough attention from
the agricultural departments, and we would suggest that. in distriets
in which cattle waste a considerable part of the coarse fodders to
which they have access. the possibility of seeuring a befter and inore
palatable straw by earlier harvesting should be consiiered, and that
experiments shonld be made to determine the earliest stage at which
the crops can be safely eut’. These suoeested experiments do
not appear to have been carried out. Nor have any atiempts
apparently been made to improve natural herbage (either for grazing
or for cutting) by the selection of suitable strains of indigenous
grasses. DBoth these subjects warrant investigation,

1t would be well at this point to ciaphasise the naed for increas-
ing the available supply of protein-rich concentrates such as

linzeed, cottonseed and earvih-uut  cakes.
ofAzgilcaeiillfmt::ppues Such concentrates have nnaivitive ratios of
) from 1 :1to 1 : 3, and form by far the most
valnable sources of mnutrients for milk production. The total
quantity of eoncentrates at present available for eattle feeding in
India is estimated, according to Table 34, at abowt 3.800,000 tons.
Im addition to this about 325000 tons of oilcakes are exported
annually from India, while the quantity of oilseeds exported amannts
to more than 1,000.000 tons. Tf the extracted cake frem these two
sourees could he retained in Iandia, it wonld result in a consideruble
inerease in the available quantity of protein-rich eoneentrates. This
subject was dizcussed by the Reval Commission{®), who poinied
aut, however, that the only pessibility of eonserving this valuable
potential supply of cattle food was by develoning the Indian oil-
erashing industry, In this eonnexion it would he a sonnd peliey
to give aefive encouragement to the export of vegetable vils, sinee
this wonld indireetly increase the supply of oil-cake in the country.
Improvement in the efficiency of the mills would alse tend to lower
the price of oil-cakes, and se make these products morve readily avail-
able for the feeding of milsh cattle.

There is little  object in attempting to increase the fodder
resonrees of the eountry unless the aveilable supply ean be utilised
economically in ihe feedine of eattle.  Indian
mileh eattle are seldom jndicionsly fed. Om
the one Hand cows kept nnder village condi-
tions are given entirely imadequate quantities of food, while 1he
food used is of the wrong type for milk production. On the other
hand in well organised ¢ity byres the quantity of food fed is
frequently as much as 50 per cenf. in excess of requicements. A
proper rationing system would tend to correct both these tendeneies,

1t appears to be a fairiy universal experience that Westetn
rafioning systems are not suitable for application to Indian cattle
and huffaloes.  This is partly due to the lack of information available
regarding the composition and discsiilility of Indisn fondstuils (16},

The rationing
milch cattle,

(15) Loe. cit., pp. 57T—84,

16y J, Matson, ¢f Some Tissons learnt in « »ard 1o Cattle and I‘J;'-i}W“iJz.fr
dur_mg 23 }‘cnrs’_ Farming in Iudiu’’ Jowrn, Crals Luy, dwimal Husbm.‘(,-y“m.,,}
Dairying, 2, 145 (1920).

-
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Tt is alen partly due to the faet that Indian eattle and buffaloes appear
ts  have diferent requirements from Buropean stock ; in
particular they are eredited with a greater eapacity for digesting
conrse fodder(17), In this conmexion it has rightly been pointed
out that whereas European cattle have been bred to digest and
assimilate the largest possible quantity of food, Indian cattle possess
characters which enable them to make the maost efficient use of the
smuallest quaniity of food. ** The European animal extracting 60
per cent. from 30 b, of dry matter is inferior in India to the Indian
animal which ean only digest 20 Ih. dry matter hut extracts 75 per
ecent. {1%}.77 There is, therefore, a clear need for the formulation of
independent rationing standards for Indian cattle,

What has been done to meet this nend ¢ Work has been chiefly
eonfined to four eentres. At Lyallpur{!") an extensive secries of
investigntions have been carried out to determine the digestibitity of
varieus Indian feedine stuffs. An atterapt has also been made to
find how fur enarse fodiders. have and ensiled green erops (alone
or in eomnbinaiion) can meet the maintenance requivements of cattle.
At DBancalore {2y the work has been largely conferned with the
minersl and sulphur metabolism of eattle on various rations inelud-
ing silare.  Speeial attention has heen glven at this centre to the
value of silage as a food for milking stoek. At Coimbatore(2t)
investigations have been wade into the protein requirements of worlk-
ing bulieeks, while preliminary experiments have been carried out
in an atrtemipd to determine the mineral requirements of young dairy
stocl, At Dacea(®2) the work has so far heen lareely devoted to
the formulation of 4 new raethod of determining the digestibility of
foudstuits by means of  regression equations. The maintenance
vequdrements of hullocks have also been investigated.

Jost of these investigations have been earried owt with obvious
care aud by sonnd methiods and the seientifie value of the results
carmet he guestioned. The broad bupression ereated is, however,
that ywneh of the work lacks a practical oltjective, and that there
15 a ereat ueed for hefter planned and eo-ordinated methods of
attaclk,

(17} Ree for example aooarticle by Wynne Saver | Agrie. and Live Stock
fir factios 40105 (103431 in which it i= stated that <F European equivalents inive
proved unsaitalde for the Saliiwal herd to date, and the altesnfions in raidous
i the resitts nelueved point to this fuet being of far grenter importance thua
i generall replend !

(e T Matson, 4 Cottle in relation to Agriculture in India.’*  Jowra.
Ceat. Bur. Arimal Husbandry avd Dairying, 2. 83 (1928),

{1y A sevies of papers by TUED Lander and associates published as Memoirs
of the Depariment of Agrieultnre ja India amd in the Indian Journal of
Voterinary &Sclence and Animai Husbandry and other journals, 1927-1936,

(o Papers by P, J. Warth apd co-warkers in the Indian Journal of
Veterinory Solenee and Aniwal Husbandry, and in Agrientture and Live-Stock
in Indis, 1303435,

(=13 Papers by R, B. Viswanath and P. V. Ramigh, {0id, 1933 to date.

{203 M, Carbery and  co-workers.  ©¢ Studies on the Determinations of
Toestibifity  Cectficionts,”  Iudian Juirm,  TDeterinary  Seience and  Auimal
dasbandey, 1, Srd (1933) und 687 (1U36), and other wnpullished papers.
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* The ultimate ohjective shonld undoubtedly be the formulation
of a satisfactory rationing system for Indian cattle and huilaloes.
Before any such system can be worked out it is, however, essential
to determine aceurately the standard requirements for maintenance,
growth, work and milk produetion, It is claimed that Tudian cattle,
and particularly buffaloes, can make better use of fodder than
European eattle, but no guantitative data are available to show how
far this difference depends on more efficient digestion and how
far it is due to the better utilisation of the assimilated nuirients.
Again, it is elaimed (contrary to a widely aceepted view) that work
undertaken by dranght eattle entails the utilisation of a considerable
quantitv of protein as well as of eneray. Unfil points such as these
have been more adegnately investiguted and elaeidated, it will be
impossible to formulate a satisfactory rationing system.  Guaee. iow-
ever, such basie information is available, rationing beconwes relatively
casy, sinee the feeding value of any given food can be determined
by chemical analvsiy, supplenented (in certain instances) by
digestibility determinations. In formulating  rationine  standards.
the requirements for maintenance, growth, work and milk prodietion
will need to be determined in relation to both the enecreyv, protein
and mineral constitnents of the food.  Moreover, it is guite possible
that the requirernents will be diffevent for cows and huilaloes, and
they may even vary for different breeds of -cattle,  The sepple-
mentary stady of the digestibility of various elasses of feeding stufTs
will also need (o be undertaken on a faivly extonsive scale 1 reiiahle
average fimures are to be obfained which can ultimaiciy he applied
thronghout India. Tlere alse it is likely that the digestihility oo-
efficients will vary according to the iype of animal used, e, bulfaloes
Or uxen.

This brief disenssion will serve to show the necessity of Formutat-
ing a careful programme of work and of ensuring elose co-oprdination
between the various research centres if vapid peogress is to De nude
in devising a satisfactory rationing sv<tem for nniversal applieation
nnder Indian eonditions. 1 would aratn stress the faet thai i1 s
ouly through the universal adeption of such a rationing system that
proper use can ultimately be made of the fhod resources of the
country.

T should add one further point. At present remarkally fow
analyses are available of the cattle foods commonly used in India.
This applies partienlarly {o the vavious types of dry amil green
fodder. It may be noted. too, that the feeding values of grasses
show remarkable variations. Thus one authority writes  every-
thing points to an extraordinary variation in the food values of
Indian hay made from the samme species of grass srewn in different
localities, and to the fact that grasses which have the best popular
reputation have by no means the best ferdinz value 77(18).  Side
by side with the co-ordinated investization of rationing standards
efforts should, T consider, be made to obtain represeniative analvtieal
figures of typical feeding stulls from as many agricultural areas us
possible.
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Apart from lack of total nutrients and protein in the rations
of cattle (which may be the cause of general undernourishment or
m gven of semi-starvation), the lack of mineral
ci:ﬁ;n;;:;ﬁ:es defl- constituents and of vitamins may eause
' pathological conditions in  cattle. In some
instances these eonditions are clinically recognisable, as for example
in the bone lesions associated with phosphorus or caleium deficiency.
In other instances the abmermal condition is less obvious, and takes
the form of a general stmunting of growth or an appearance of un-
thriftiness. Tt may also result in sterility, or in the prewature falling
off of milk production.

Until recently very little attention had been paid to the possible
existence of mineral and vitamin deficiencies among I[ndiag eaftie.
During the past few years, however, instances of definite deficieney
diseases have been recorded. In ecertain areas in II. E. II. the
Nizam’s Dominions, for instanee, osteomalacia has been foundi{®3).
Again, a condition of blindness in ealves has been attributed to lack
of vitamin A(24). Lesy obvions effeets of mineratl deficiency have
been observed in ecertain areas of the United Provinces, and have
been remedied by the addition of a mineral supplement to the
sration(®3). It might be noted, too, that the analyses of fodders
derived from different areas show marked variations in minerai
content (26},

There is little doubt that such deficiencies are far more common
than has heen generally supposed and that they are a source of
serions economic loss. Mineral and vitamin defieiencies are, how-
ever, relatively cheap to remedy, whether by the addition of mineral
mixtures to the food or the soil or by the inelnsion of gmall quantities
of green fodder in the ration. It is, therefore, most desirable that
extensive surveys of the incidence of deficieney diseases shonld be
undertaken, so That mineral deficient areas can be located and their
deleterious effects remedied. At the same time the information
gained from such surveys could be usefully supplemented by aceurate
studies of mineral requirements (such as those noted in an earlier
paragraph) and by extensive mineral analvses of fodders drawn from
typieal cattle breeding and milk producing areas.

‘(:z:;) I_{_ C. Sen. “* The Nutrition of Indian Cattle. Part II. M-
nutrifion in relation to Iealth and Produetion Capacity of Animalg.”’ Agrue.
and Live-Stock in India, B, 1 (1035).

} (2_4) K. €. Ben, ** The Nautrition of Indian Cattle. Part I Some
Nutritional aspects of Cattle Breeding.”’ Ibid., 3, 549 {1933},

(23) C. H. Parr, ‘‘ Some Factors which affeet the Snpply and Efficiency
of Cattle in the Uusited Provinees.’’ Journ. Cent. Bur. Animal Husbandry and
Dairying, 4, 48 (1930).

(20) Hee, for cxample, A. R Padmanabha and R. N. Kayasth ¢ Mineral
C{mnpn_sztinn of the Fedders of Central Provinees and its braring on Anbiul
I\iutrihon.” Agite. and Live-Stoek in India, 1, 526 (1931), and A C. Roy and
K. C. Sen, f¢ The Seasonal Variation of Lime and Thosphorie Acid in some
Hill i'astures.’’ Jbid., 3 (1934),
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This might perhaps be a suitable point at which to make very
brief reference to another set of pathological conditions which are
undoubtedly responsible for the poor condition and high mortality
of cattle in certain areas. I refer to parasitic infestations. Although
such infestations are not directly related to the nutrition of cattls,
‘they frequently lead to a condition of unthriftiness comparable to
that found in cases of serious malnutrition. In view of the heavy
economic losses attributable to such parasitic infestations their
investigation is urgeatly called for,

B4
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CHAPTBR XI-—-Recommendations for the future development of
dairy research, education and advisory work,

In Part I a general account has been given of the present state
of the dairy industry in India. The outstanding impression created
by this survey is the entire absence of any
systematie investigation of the numerous
problems which face the industry, and the lack of a suitable organisa-
tion for developing its vast potentialities, either at the centre or in
the provinces. Before turning to specific recommendations it 13
desirable to outline briefly the present organisation.

It may be said that the responsibility for the development of
Indian dairying rests almost solely with the Imperial Dairy Expert.
This offieer, who prior to 1936 was attached to the Imperial Agri-
cultural Research Institute, is now directly responsible to the
Department of Education, Health and Lands. His duties, as laid
down by the Department(!), include (a) the giving of advice to
the agricultural and veterinary departmments in the Provinces and
Indian States and to private persons who are engaged in the pro-
duction and utilisation of millk ; (b} the training of post-gradnate
students and of students desiring to qualify for the Indian Dairy
Diploma ; (¢) the testing of dairy products for the public where
such tests are of a special nature not normally falling within the
duties of public analysts and other similar officials ; (d) the prosecu-
tion of research work into problems connected with the dairy industry,
including the investigation of wmethods of handling and trans-
porting milk and the utilisation of milk in the manufacture of
milk produets ; and (e) the testing of new types of dairy machinery
and equipment.

The office of the Tmperial Dairy Expert is at Bangalore, where
the Imperial Dairy Institute is situated. ITis permanent staff
consists of two Class Il Officers and four Class III Officers. One
of these possesses a university degree ; the remainder hold dairy
diplomas. A farm of 198 acres is atiached {o the Institute at
Bangalore, and there is a small sub-station at Wellingten, Cooncor.
The Institute itself is used chiefly as a teaching centre. There is
somewhat inadequate hostel accommodation for the 24 studeuts who
take the dairying diploma, while suitable houses for the staff are
lacking, The dairy is small and cramped. The laboratory (which
is used for both chemical and bacteriological work) measures barely
20 feet square and possesses practically no equipment. This is
supposed to serve for both teaching and rescarch. A poriion of an
old barn was*at one time in use as a laboratory for the physiologieal
chemist(®} and a suggestion has been made that this shonld be
adopted as an extension of the existing laboratory. It is, however,
quite unsuitable for this purpose and would not justify the necessary
capital ouflay. The annual budget of the Institute (i.e., exc]uclinllg
the Imperial Dairy Expert’s owr. budget) is ronghly Rs. 1,30.000.

Present position,

(1) These are eontained iv a letter from the Joint Scerctury of the Dopart-
ment to the Director of the Imperiul Agricultural Rescarch Ingtitute dated Gii
April 1936 (Nc, B, 384135-A0).

(%) This side of the work hag simece been transferred to Izatmagar,
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Facilities in the provinces are even less adequate. Instruetion
in dairving is included in the courses run by provincial agrieulturat
calleces. but this isx of an elementary character. Only one Institu-
tion (%) has adegnate facilities and tcaching staff to provide instrue-
tion for the Indian Dairy Diploma. No provision is made for
researeh nto dairving problems.  Any local advigory work in con-
nexion with the produetion or utilisation of milk is undertaken hy
the Livestock Experts where provinees inelude such officers on their
agrienltural staffs,  Otherwise advice has to be sought direcily from
the Imperiai Dairy Expert.

It is obvious from this brief statement that the facilities and
staff available at the centre and in the provinces ig utterly inadequaie
to nicet the needs of a branch of agrieulture of the maguoitude of
the Indian dairy industry. This fact has recently been recognised
by the Central Government, who have given their sanetion to an
expenditnre of some Rs. € lakhs to provide additional buildings,
equipment aud staff. The provisional allocation of this sum allowed
for the building and egnipment of an Experimental (Creamery at
Anand {Bombay DPresideney) at a cost of Rs. 3% lakhs, and for
additional aecommodation at the Bangalore Institute at a cost of
ronghly Rs. 75,000. The remaining Rs. 2 lakhs was to be utilised
in meeting the fecurring expenditure at the Experimental Creamery
duving the first five years at a net cost of Rs. 40,000 per year. In
addition a sum of roughly Rs. 1 lakh has been allocated by the
Imperial Council of Agriealtural Research for special investigations
into problems connected with the manufacture of milk prodnets. A
small grant has also been made by the Council to the Allahabad
Agrienltural Tnstitute for investigations into the chemical eomposition
and physical properties of mitk.

The present stock-taking provides an opportunity to re-examine
these proposals in relation to the general development of organised
daivying in India, and to bring them, if necessary, more into line
with the needs of the industry. It would, I believe, be a grave
mistake to attempt to meet these needs plece-meal : what is required
s the formulation of a eo-ordinated and progressive scheme of
development which will embrace both research, education and advisory

services, and in which both the central and provineial Governments
can play their parts,

Sinee the resnlts of research form the hasis of both education
and advisory work, this subject will be dealt with first.

I.—REsSEARCH,

_ The number and complexity of the problems which face the
dairy industry have been dealt with in the first six chapters of this
report. It is obvious that under present

Th a f : : :
Impeimne%air;r Ro. Cirenmstances the staff of the Imperial Dairy
search Institute. * In_stm_lte 15 not in a position to undertake the
selentifie investigation of these problems. The

{3) The Allababud ,_\gricllifﬁral Instituia.
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Institute is at present primarily a teaching centre and does r_xot
possess the seientific staff or the necessary laboratory ;}c_eommodatmn
or equipment for accurate research work. The provision of such
accommodation and equipment would involve considerable struetural
alterations and extensions to existing buildings, but cvem so the
result would not, I believe, he really satisfactory. There are, how-
ever, two more fundamental objections to fhe axisting location of
the Imperial Dairy Institute as a possible centre for dairy research.
T understand that the site of the Imstitute was largely selected for
two reasons : first, because the climate was more equable than in
the dairying tracts of Northern India ; and seeond, because there
already existed a fucrative market for the milk in the form of the
requirements of the military cantonment, Both these considerations
adversely affect the value of Bangalore as a centre for research. In
the first place the relatively temperate climate is not typical of
India’s most intensive dairying tracts, where the problems of the
dairy industry are therefore of a very different character. In the
seconnd place the needs of the military are not representative of
typical Indian dairying. At present the greater part of the output
of milk at the Imperial Dairy Institute is either sold as pasteurised
milk or is manunfactured into butter or cheese. 1 have already
pointed out that these produets are not typieal of Indian dairying.
It has been urged in favour of Bangalore that the consumption of
milk in South India is abnormally low, and that the presence of the
Imperial Dairy Institute is of value in stimulating interest in milk
production. The Central Government has, however, to consider the
needs of India as a whole, and not the special needs of one locality,
which 1s a matter for provineial action.

There is 1mo doubt that the present loeation of the Institute is
largely respounsible for the faet that it is seriously out of touch with
the real needs of the dairy industry. If (as T have snggesfed in
Chapter II} organised dairying is in future to be largely concerned
with the produetion and marketing of indigenous milk prodnets,
it is essential that a more suitable site should be found and that the
Tnstitute shouwid be reconstituted as an Imperial Dairy Research
Institute. In selecting such a stte the following points should be
taken into consideration —

1. The Institute should bhe situated in a distriet which is
representative of India’s chief dairyving tracts and of
the centres of production of her major dairying produet,
namely, ghee. In practice this limits the site to an
area running across the northern part of India and
including the dairying belts of Bihar, the United Pro-
vinees, the Punjab and Bombay Presidency. The
Royal Commission on Agrieulture rightly emphasised
the faet that the real index of milk production of a
province is the number of she-buffaloes and not the
number of cows. Table 38 shows the ecattle densities
of the typical dairying districts in the provinces men.
tioned above. This table shows clearly that the best site

H3BICAR -
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for the new Institute would be somewhere within a
triangle drawn through Delhi, Agra and Cawnpore.

2. 1 have considered the possibility of both New Delhi and
Bareilly as sites for the Institute. Neither of these
cities is, however, situated sufficiently close to the ghee-
producing areas to warrant consideration. On the
other hand the selection of a site within the area already
mentioned wonld mean that the Institute could main-
tain close touch with the Imperial Agrieultural Research
Institute at New Delhi and with the sub-stations of
the Imperial Veterinary Researeh Institute at Izatnagar.
The Institute would also be conveniently near to
Aligarh, one of the most important butter making
centres of India. Further, the site suggested would be
at the centre of the important dairy breeding tracts
of India, which extend through the Punjab, Sind,
Kathiawar, and the north of Bombay Presidency.

4, It is desirable that the Institute should be situated close
to a town having a University or Agricultural Coliege.
In this connexion 1 should point out that the Indian
Institute of Science has proved a valuable neighbour
to the present Imperial Dairy Institute at Bangalore.
It is most desirable that workers at the new Institute
should have an opportunity of meeting colleagues of
university standing.

5. In selecting the new site it is essential that undue attention
sheuld not be paid to the provision of a Incrative market
for the milk produced on the Instituie’s farm. The
Royal Commission have pointed out that farms which
have been established solely for experimental work can-
not be expected to pay their way(*). If the Institute

‘ is to undertake the making of indigenous Indian milk

L products, it is almost inevitable that there will be a
considerable financial loss in the running of the farm.
Moreover, it is also desirable that the site should be
selected solely on its merits and not because land is
available in the vicinity which is already owned by
Government. :

6. Finally, if the Institute is to be located in a typical dairy-
Ing traet, the climatic conditions will inevitably be
exacting. There is, however, no reason why, with
modern air conditioning systems, the staff of the
Institute should not work under tolerable conditions.

. . At such a centre the staff would be closely in touch with the
industry and with its major problems. There would probably be
opportunities of working in collaboration with co-operative societies
and other similar associations which might be attempting to improve
the conditions of production and handling of milk and milk products

c1ooby) "oyel Commission on Agriculture in India, p. 150. Oma, 3137
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in local villages. The Institute would also be in closer touch yvith
the Central Government and with the Imperial Council of Agricul-
tural Research at New Delhi(®).

The success of the work of the Imperial Dairy Resegreh
Institute will depend very largely on the scientific and _teehly_cai

Qualifications of qualifications of the gtaﬁ' and on their ability
staff, to apply their training to the practieal
problems of the industry. I should perhaps
clear up any misconeeption regarding the nature of the work te be
undertaken at the Institute. It may be thought that this work is of
a relatively simple character and that it will not regquire workers
nf marked ability. It has also been suggested that the dairy
industry does not need fundamental research, as its needs are
essentially practical. DBoth these views are founded on a complete
misunderstanding of the complexity of the problems whieh await
solution. I believe that progress in dairy research will only be
made in India if it is clearly understood that men are reguired who,
in the words of the Royal Commission *‘ combine scientific knowiedge
and technique of the first order with the vision and creative power
essential to the opening up of new and original lines of work "’. In
stafting the Institute this consideration should be paramount. An
honours degree in science at a university of repute should, 1 believe,
be regarded as an essential qualification for any of the senior posts
at the Institute(").

The first essential is to seecure an able Director, since it is
obvious that he will be in a key position in regard to the future
development of Indian dairying. The Direetor must, therefore, be
a man of ouistanding abhility. He should have had a wide expericnce
in dealing with the general problems involved in the handling of
milk and milk produets ; he should be capable of initiating and
directing research and of relating the Institute’s work to the
practical problems of the induostry. It is desirable that he should
have had practical experience in the dairy industry as well as a
sound knowledge of researech wmethods. Above all, he should have
the ability to visualise the requirements of the industry and to carry
through his projeets to a suecessful conelusion,

Under the Director the work of the Institute should, I consider,
be divided into four sections, namely, dairy bacteriology, dairy
chemistry, dairy technology and dairy husbandry. Responsibility
for the development of each of these four branches of the work
should be delegated to Heads of Sections who should be Class 1
Officers and who should be given adequate Class IT assistants. Tt
is possible that in the first instance one or more of these Heads of
Sections might have to be recruited from outside India. If, how-
ever, my later recommendations are agreed to, it should be possible
to find adequately qualified Indian workers to fill these posts within
a few years.

(5) It may be mentioned that the existing institute at Banpalore is over 50
houre journey from New Delhi,

«8) Loec. cit., p. 634.
H36ICAR e
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As regards dairy baeteriology and dairy chemistry, the Heads
of Sections should have had a sound fundamental training in the
basic sciences underlying their work. It is essential that the Head
of the Dairy Bacteriology Section should also have had a wide
experience of the application of bacteriology to praetical dairying
problems. The Head of the Dairy Technology Section sheuld be
selected not so much on account of his knowledge of dairy technology
as on lhis fundamental training in chemical technology and engineer-
ing. The future application to dairying of large and small-scale
machinery, as well as of refrigeration, will largely depend on hig
knowledge and ability. He will also be responsible for the testing
of dairy machinery and equipment. He should he provided with a
capable assistant who has had speeialised training in dairy technology.

It is desirable that the Head of the Dairy Husbandry Secction
should have a speetal knowledge of Indian dairy breeds as well as
of Indian conditions of, cultivation. Fulure policy regarding the
breeding of Indian dairy cattle will largely depend on him, and he
may also be needed on oceasions to advise regarding the offieial
registration of milking breeds. Me should be provided with two
special assistants, one of whom should be responsible for the aceurate
costing of both crop and milk production. The other should be a
qualified veterinary assistant,

It has already been stated that the existing Institute at
Bangalore possesses entirely inadequate buildings and equipment for
_ research. The new Institute would need
m;fldgpgs and equip- fully eguipped chemical and bacteriological
laboratories, since these sciences form a basis
for adequate control in all other branches of the Institute’s work.
These laboratories would need to be built on a sufficiently generous
scale to allow for the aecommodation of post-graduate research
students. As regards dairy techunology, there should be accommoda-
tion for small-scale machinery and processing plant. I feel, how-
ever, that the arrangements should be as flexible as possible, since
the objeet of this section will be to try out various types of plant
and equipment under semi-commercial conditions. The bhasic needs
of this section would be adequate boiler capacity and refrigeration.
Some of the dairy plant conld be of standard design. Much of it
would, however, need to be eonstruected to meet special requirements.
For this purpose it would be essential to have a well equipped
engineering shop attached to the Institute. This would also be
neeessary in connexion with the testing of dairy machinery.

Apart from the above accommodation, the building would need
to honse offices, a library, and one or two lecture rooms. Separate
housing accommeodation would be needed for the staff and sufficient

hostel accommodation for & small number of. post-graduate research
students.

As regards dairy husbandry, it is assumed that the herds at
present stationed at Rangalore would be transferred to the new
Institute. It would therefore be necessary to have sufficient acreage
to supply fodder for roughly 472 cattle. Part of the land woqu

Y
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need to be irrigated, and it would be essential to have facilities for
running the farm on a ‘ mixed-farming ’ system. Adeguate store
accommodation would also be needed for accurate rationing and

similar experimental work. I do not, however, recommend that

accurate metabolism studies should be carried out at the Institute.

1 anticipate that the greater part of the milk produced on the farm
would be available for experimental work in connexion with methods
of handling liquid milk and of manufaeturing milk produets. Apart
from this supply it would be desirable to make provision for establl_sh—
ing one or more experimental depots for the collection and handling
of milk under village conditions. It would thus be possible to com-
pare the properties of milk produced under }deal conditions with
those of milk produced under village conditions. This would be
of great value in determining the feasibility of the adoption of mew

methods of processing and manufacture.
In considering the building and equipment of the new Research
Institute, the question at once arises whether it would also be
Th 4 1 oy, DlieCESSATY to proceed with the building and
 eal cronto of the proposed experimental

erimental creamery. equipment .
g creamery at Anand. This scheme was

originally put forward for three reasons : first, to provide a centre
for research and training in faetory dairying ; second, to enable
guch work to be carried out under the climatic conditions experienced
in typical Indian dairying tracts ; and third, to study the problems
invoived in the supply of liquid milk to large cities. So far as the
first point is concerned, it is obviously unjustifiable, in view of the
arguments put forward in Chapter I, to spend large sums on the
manufaeture of products which are of relatively little importance
in India. Regarding the second point, if the new Institute is placed
in the area whieh 1 have sugrested, it will be subjeet to the same
alimatic conditions as at Anand. There remains the third peint,
namely, the supply of milk to large cities. I have already pointed
out that only a very small proportion of India’s population live in
large cities. The provision of adequate supplies of milk to mofussil
towns is, in practice, a more important subjeet for study. If, how-
ever, the problems involved in supplving milk to large cities are
to be investigated, Anand would be an ideal sub-station for the
purpose. Buf its establishment as a sub-station would result in
considerable duplication of equipment and staif. U.der the cir-
cumstances 1 suggest that the whole of the Anand proposals should
be held over until the new Research Institute has been satisfactorily
established and preliminary experiments have been carried out op
the various problems involved in dealing with liquid mill. It will
then be easier to determine whether or not a sub-station will ba
necessary at Anand. '

It is not possible at this stage to suggest any definite figure for
either the non-recurring or the reeurring expenditure which is
Expenditure involy- likely to be involved in the establishment of
) the  proposed {mperial Dairy Research
Institute. It is, however, desirable to oive

some general indication of the probable financial needs. -
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As regards non-recurring (capital) expenditure, it may be no'ged
that a sum of Rs. 6 lakhs has already heen sanectioned in connexion
with the Anand scheme, although only Rs. 4 lakhs were provisionally
allocated for capital expenditure at Anand and Bangalore. 1
recommend that the whole of this sum of Rs, 6 lakhs should be
allpcated for capital expenditure in connexion with the new Research
Institute. In addition any sum realised from the disposal of the
Bangalore and Wellington farms [which were taken over from the
Military Authorities at a total valuation of Rs. 2,84000(%)} should
be made available towards the purchase of land for the new
Institute.

As regards recurring (annual) expenditure, it is extremely
diffieult to give even a rough estimate. It is probable that the pay
of the senior staff would amount to voughly Hs. 1 lakh per year
and on this basis it may be assumed that the total budget for the
Institute would be between Rs. 2 and 24 lakhs. It would probably
be necessary to add a further sum in order to offset any losses
incurred in the running of the farm. It may be noted that -the
annual sum spent on the running of the two national centres for
dairy research in Great Britain is nearly double this sum(®), although
the British dairy industry handles only a quarter of the quantity of
milk produced in India.

At present very few investigations infe dairying problems are
undertaken at provinetal agrieultural and veterinary colleges. This
Dairy research in is perhaps partly due fo the lack of adequate
the provinees. staff and facilities available at these provineial
centres. But it is, 1 believe, largely the result
of concentrating dairy edueation and advisory work at the central
Institute at Bangalore : provineial Governments are apt to overlook
their responsibilities in this direetion, and this in turn means that
no active encouragement is given to workers at provincial centres.

In a later section I reeommmend that advaneed instruction in
dairying should be given at the provinecial colleges instead of at the
central Institute, a recommendation which was indeed put forward
by the Royal Commission on Agrieulture, but which was not imple-
mented(®). Tt is, however, equally important that these colleges
should be encouraged to undertake research into local dairying
problems. A central research institute cannot undertake the study
of problems of purely loeal interest, nor can such an ipstitute investi-
gate all the factors which may have to be taken into account in apply-
Ing any new metlod under the wide variety of conditions existing
in India. It is therefore essential that adequate research facilities
should be provided at the various provincial colleges, and that one

(1) The amounts paid te the military authorities on the tranmsfer of the
BRangulore Institute to the Imperial Agricultural Department were as follows :—
lands, Rs. 22,953 ; buildings, Rs. 1,36,773 ; plant and furnishings, Rs, 27,102 ;
live-stock, Ra. 55,954 ; gtocks, Rs. 41,344 ; total, Rs. 2,84,126.

(8) State grants to the two institutes total over Rs. 3 lakhs, while a further
EBa, 1 lakh is received from other sources.

(9) Loc. eit, p. 247,
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or more specially qualified workers should be available to undertake
the necessary investigations, :

[ consider that this is one of the directions in which valuable
assistance might be given by the Imperial Council of Agricultural
Research. The financial needs of the central institute should
normally be met by direct grants from the Department of Edueca-
tion, Health and Lands, and the Institute should not need to seek
financial assistance from the Counecil. The provision of grants from
the Couneil would, however, form a useful means of encouraging the
development of dairy rescarch in the provinees and constituent states.
As a first step the Couneil might consider making speeial grants to
those provinces which are willing to provide facilities for advanced
dairying instruction. A special grant to meet the cost of purchas-
ing additional equipment and recurring grants towards the costs of
special investigations into certain dairying problems have already
been made to the Allahabad Agricultural Institute. This might be
taken as a useful precedent. The nature of the problems to be
investigated woulgd, of course, depend on local requirements, though
a nuniber of suggestions have been put forward in Chapters III to
VI. As the work of the central institute developed, it would
obviously be desirable to arrange for close collaboration hetween
workers at the centre and in the provinces. In this field also the
Couneil could play a very useful part,

In the meantime the Couneil has (as [ have already indicated)
sanctioned a grant of Rs, 1 lakh for the study of problems coneerned
in the production of condensed and dried milks. If, as I have
recommended, the Anand experimental ereamery scheme is abandoned,
this sum could be released for work along other lines. I do not think
that it would be better utilised than in initiating research work at
provineial eentres along the liney just diseussed.

II.—EbUCATION,

At present advanced courses in dairying are given at two centres,
namely, at the Imperial Dairy Institute at Bangalore and at the
Introduction. Allahabad _Agricu]‘rura_l Institute. 'I‘.he stand-
ard course is that leading to the Indian Dairy
Diploma. This is a two-year course with a syllabus similar te that
of the National Diploma in Dairying of Great Britain. It is designed
to give the student sufficient knowledge and experience of practieal
dairying to enable him to undertake the respousibilily of managing
a dairy herd or of running a small dairy. Proposals are at present
under discussion for making this course a more advanced one.
These proposals inclnde the provision of special instruection in dairy
factory management, and necessitate the extension of the period of
training hy an extra vear.

Apart from this course the Imperial Dairy Institute accepts
post-graduate students for a 15-months’ special eourse. This consists
partly of training on the lines of the dairy diploma and partly of
research, though the facilities for the latter are at present quite



96

inadequate. In addition occasional short courses of practical instrue-
tion and voeational courses for British troops are run at Bangalore.

At the provincial agricultural colleges there are no advanced
courses in dairving. The college degree courses mclgdq instraetion
in dairying. Special short courses in elementary dairying are also
run from time to time. At Lyallpur and Nagpur there is a six
months’ vernacular course. At Poona special courses are run
wherever there is a demand for them ; these are of variable length,
At Coimbatore elementary dairying is included in a special short
course in agrieulture. At provineial veterinary colleges the il.lst;'uc-
tion in dairying is (with one exception) meagre, and is usually limited
to a short course in milk inspection. Most veterinary colleges are,
however, handicapped by the lack of a milking herd or dairy, so that
instruction is carried out under very unfavourable conditions.

As a result of my inguiries I consider that three types of
dairy training are reguired, namely, instruction in general dairying,
post-graduate training in research methods, and elementary courses
in practical dairying,

There is no doubt that the existing 1. D. D.(3°) course fills a
definite need. This may be judged in two ways. In the first place
there is an encouraging demand for admission
to the course. The number of enquiries
received at the Bangalore Institute during the
past three years has been 128, 295 and 310 respectively, although
only 45 counld be admitted owing to the very limited accommodation.
Similar figures are not available for the Allahabad Institute, but 1
am informed that the course is invariably full. In the second place
I am told that successful students seldom fail to find employment.
Unfortunately complete figures are not available on this subject. At
least 63 students are known to be in employment (11). In view of
these faets I eonsider that the course of training for the I D. D.
should be retained as the main course of instruction in general dairy-
ing. Two obvious questions arise : first, whether the syllabus of the
course requires amendment, and second, what future provision should
be made for the teaching of 1. D. D. students.

Instruction in gene-
ral dairying.

(10) Indian Dairy Diploma.

(11) It is interesting to note the division of employment between ge
ment service und private dairies :—

Number,
Central Government .. .. 11
Provincial and State Governments e 26
Military Dairy Farms .. . 4 41
Private dairies, ete. . . . 20
Higber sruaics ., . . .. 2
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The proposal to increase the existing 1. D. D. course from two

to three years is hased on two arguments ; first, that at their time
Syllabus  for the of admittance many students are not sufficiently
Inﬁ_{ya,n dairy dipioms, el educated to be able to complete the eourse
satisfactorily in two years ; and secohd, that

the course ought to inelude advanced instruetion in dairy technology

and factory management,

As regards the first point the official reports of examiners
repeatedly stress the faect that many students show a very poor com-
mand of English. TUnder normal circumstances only matriculates
are admitted to the L. D. D. course : exemption from matriculation is
stated to be given only under exceptional conditions. Reference to
the admissions to the Allahabad Agricultural Institute shows, however,
that 10 per eent. of those accepted are non-matriculates. It appears,
therefore, that the examiners’ complaints regarding the lack of geuneral
education among students could be easily remedied by tightening up
the standard of admission.

As regards the second point, namely, the inelusion of advanced
instruction in factory management, this is based on the assumption
that Indian dairying should be run on Western lines. 1 have
already expressed the view that the adoption of the so-called factory
system of dairying is not applicable to Indian eonditions of produe-
tion. I have alsp shown that even if it is feasible to establish large
factories for the produection of such products as condensed and dried
milks, three or four such factories would be sufficient to provide for
the full needs of the existing market. Openings for employment
in such factories wounld therefore be very limited. Moreover, inquiries
among firms who might ultimately establish factories in India reveals
the faet that sueh firms invariably train their own employees in
factory methods of production : what they require before engaging
such employees is a general knowledge of dairying and of the sciences
underlying dairy practice.

Under these circumstances I do not consider that any useful
purpoese would be served by lengthening the period of training for
the 1. D. D. or by including in the syllabus advanced training in
factory processing or management, (General information on this
aspect of dairying ecan more readily be given in lectures, supple-
mented, if desired, by brief visils to modern butter-making creameries
and other speeially equipped centres. (12,

As regards other subjects included in the I. D. D. syllabus, I
do not feel that any drastic alterations are called for. If candidates
can answer satisfactorily the type of examination paper which 1 have
been shown, they must have atfained a satisfactory standard of both
theoretical and practical training. 1 am somewhat apprehensive
that too great stress is laid on butter and cheese-making. The value

(12} For example, visits wight be arranged to such eentres as ihe Dayilba
Dairy, the Military Ghee *Heating Centre at A ' perial Duicr
Research Institute. ¢ : grt and the Tmperial Daey
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of the separator method of butter-making as against the ¢ country ’

method for the ultimate produetion of ghee has yet to be demonstrated.
Cheese-making is of negligible importance in Indian dalrying.
I feel that more stress should be laid on the methods of preduction
of indifenous milk produects, on the need for devising cheap types
of equipment, and on the improvement of methods of producing milk
and milk produets by co-operative enterprise and by the development
of village industries. Instruction along these lines is at present
handicapped by the lack of available knowledge on the subjects in
question. This diffienlty will disappear as further knowledge is
acquired.

There is, however, one other aspeet of the training which, T
believe, requires special emphasis. The training should include
adeguate practice in the methods of imparting instraction in dairy-
ing in both English and the vernacular. Ilolders of the I. D. D.
will probably be largely responsible for introdueing improved dairy-
ing methods inte village practice, cither by the running of elementary
"dairy eourses or by organising village collecting centres and other
co-operative enterprises. In such work it is essential that the man
in charge should be capable of presenting his subject in a clear and
convineing manner. The L. D. D. course provides an  excellent
opportunity for instruction and practice in this subject.

I have been somewhat disturbed to find that a comparatively
small number of graduates take the I. 1). ID. course. This is largely
due to the fact that the Bangalore Institute run a so-called post-
graduate eourse in addition to the I. D. D. ecourse. Since 1924, 45
students have taken the post-graduate course, compared with 150
who have taken the I. D, D. eourse. It appears to me to be unneces-
sary to run a speeial course for post-graduates. The present post-
graduate eourse is a combination of advanced instruction in dairying
and training in research methods. I do not think that these two
aspects of dairving can be satisfactorily ineluded in a single course.
As regards research, I am recommending the provision of smitable
facilities at the new Research Institute. As regards advanced
instruction in dairying, I consider that the present I. D. D. course
should meet the normal requirement. It is, however, desirable to
consider how far graduates in agriculture might be given special
encouragement to gualify for the I. D. D. by exemption from some
part of the two-ycar course. Under existing ecircumstances T do
not think that this proposal would be feasible. But if (as I recom-
mend)} the 1. D. D. course is to be included in the normal curricula
of provineial agrieultural colleges, there seems no reason why the
dairying training for the agrieultural degree should not be dove
tailed with that for the I. D. D. An examination of the syllabuses
of the I. D. D. and of typical agricultural degree courses shows, In
fact. that there is already considerable duplication in the subjeets
studied. I do not consider that any similar exeeptions could be. .
o given to veterinary graduates, whose traming does not inelude
subjects sueh as crop husbandry and farm management.
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At present instruction for the T. . D. is only given at iwo
centres, namely, at Bangalore and at Allahabad. If my recom-
Centres of instric. mendations regarding the transfer of the
tion. Bangzalore Institule to a new site and its

establishment ns an Imperial Dairy Research
Institute are adopted the guestion will arise whether 1. I). 1), courses
should be run at the new centre. In this matter I strongly support
the recommendation made by the Royal (ommission on Agricul-
ture(®) that advanced dairying instruction should be undertaken at
provincial agricultural colleges and not at the central institute.
There are a number ‘of reasons for this proposal. The present accom-
modation at Bangalore is entirely inadequate to meet the demand for
admission to the course{13), If the new Institute were to undertake
the instruction of 1. D. D). students, it would entail a very heavy
capital expenditure on additional luboratories and equipment and
on hostel accommodation. The staff would also need to be inereased.
On the other hand provincial agricultural colleges already possess
teaching laboratories and equipment, and have, I understand, adequate
hostel accommodation. They have a full gomplement of lectures
on those general scientific and agrieuliural subjects which are included
in the I. D. D, syllabus. The equipment of the dairy departments
would undoubtedly need to be augmented, and increases would
probably also be necessary in the dairy staffs. The provision of such
additional equipment and staff would, however, tend to improve the
dairying instruction for agricultural degree courses, in addition to
catering for the 1. D, D. course. 1 have already stressed the need
for stimulating the interest of provinecial Governments in the develop-
ment of dairying. The transfer of the I. I. D. training to provineial
eolleges would, 1 believe, go far towards achieving this aim. There
is, too, a further point. 1 have found that there is a definite tendency
to diseriminate between students trained at the Imperial Dairy
Institote and those trained at the Allahabad Agricultural Institute,
not on aceount of any difference in the efhmency of the tralnmg but
because training at the lmperlal centre gives a better  hall-mark’
1o the student. This attitude is unfortunate but, 1 helieve, inevitable
so long as the Central Government provides facilities for the eourse
at its own institute,

It is very doubtful whether the training of I. D. D. students eould
meantime he satisfuetorily undertaken at all provineial agricultural
colleges. Tt is indeed questionable whether such a wholesale transfer
of work would be desirable until more experience has heen oblained
regarding the.possible difficulties involved. T suggest that under
the circumstances the number of centres should meantime be limit-
ed. I assume that the Allahabad Agricultural Institute will remain
as one centre.  Qeographically it would seem that at least two other
- eentres would be required, one in Northern India (say Lyallpur)
and one in Southern India (say Coimbatore). Such centres might
be given financial ald by the Imperial Council of Agricultural Re-
search on the lines already adopted in regard to the Allahabad Insti-

(13) As stated in.a previous sectiom, only 43 students have heen admitied
during the past 3 years, during which over 700 imjuiries have been Teceived.
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tute. The possibility of extending the arrangements to inelud
other provincial agricultural colleges should be considered in the ligh
of the results achieved at these centres,

The transfer of instruetion for the I. D. D. would, however, neces
gitate the adoption of certain safeguards. ‘These may be summaris
ed as follows —

{a) There should be not only a uniform syllabus .for al
centres, but a reasonable degree of uniformity in the
methods of teaching. It would also be essentia
for the course to include adequate practical training
in farm operations as well as in dairying, Thes«
points have been repeatedly stressed in examiners’ re
ports.

{b) The ecriticism has been made in examiners’ reports that
the present I. D. D. instruction at the Allahabad Agri
enltural Imstitute is handicapped by the leak of co
ordination between the tcaching in the dairy depart
ment and that given in the pure sicence departments,
the implication being that the teaching in pure
science 1s not adjusted to the special needs of the I
D. D. course.  This matter is obviously one which
would need to be considered in drawing up the detailed
scheme of training at each centre. It may be men-
tioned that in Great Britain it is the universal practice
for N. D. D. students to receive part of their instruction
in pure science departments, and the system works
satisfactorily.

(e} It would be necessary for the I. ID. D. course to be run
aceording to eollege sessions and not (as is done at pre-
gent) by calendar years.

(d) It is essential that the examination for the I. D. D.
should be of the same standard at each centre. For
this purpose a central examining board wowld be
reguired.

(e) For the appointment of the examining board, as well as
to settle all points of common interest, such as the
svllabus and metheds of instruction, a special commit-
tee should be constituted under the Tmperial Couneil
of Agricultural Rescarch. This committee would also
he responsible for reeommending new centres, and for
reviewing the standard of teaching and the faecilities
available =t existing centres.  The® committee should
include one nominee from each recognised centre ag well
as mewmbers appointed directly by the Imperial Couneil,
Tt should meet at least once each year, preferably
immediately after the annual examinations, so that the
examiners’ reports comld he submitted and any neces-
sary action taken, The committee should be responsible
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for printing and publishing the syllabus, which might also
include brief notes on the facilities available at each
centre.

At present there are 1wo avenues open to graduates who require
advanced training in dairying, namely to take the so-called post..
Post-graduate train graduate F‘Ol&l‘&‘(‘ at} the Bangalore Institute,
ing in Tesearch. or to go te Great Britain in order to take the
course for the National Diploma in Dairying,
As regards the N. D. D. course in Great Britain, I consider that
this is entirely vnsuitable for Indian students, The N. D). D. course
1s based on a study of British farming conditions and of DBritish
dairy products such as¢ butter and cheese, Indian students who
qualify for the N. D. D, return to India with, I believe, entirely er-
roneous views regarding the possible application of Western dairy-
ing methods to Kastern conditions. This is likely to do the Indian
dairy industry more harm than good.

As regurds the existing post-graduate course, it has already been
stated that this is largely a duplication of I, D. D. training, and
eould quite well bhe amalgamated with the I, D. D. course. The
I D. D. forma an exeellent basis for practical dairy training, and
if an agricultural gradvate possesses the 1. . D. in addition to his
degree he should be well qualified to fill any post in the edu-
cational or advisory services or in the commercial field. There are,
however, very few Indian graduates who are gualified to undertake
researell work in dairy seicmce. In such work a detailed knowiedge
of technical dairyving is a secondary considergiion,  The research
worker needs to have a thorough thaining in scientific methods of in-
vestigation and a Tundamental knowledge of one or more branches of
pure science. Such a man can readily acquire the neecessary acquaint-
anee with daivy practice without extensive practical training. It
is sienifieant to note that an essential qualification for agricultural
research workers in Great Britain is an Honours degree in science,
and that the Royal Commission on Agriculture recommended the
adoption of this standard in the recruitment for research posts in
the Indian agricultural serviees(14).

T am convineed that little real progress will be made in the
solution of Indian dairving problems until a nnelens of specially
trained graduates is available to undertake the necessary scientifie
investizations., It is here that benefit shounld be derived from the
establishment of a properly equipped Dairy Research Institute, sinee
part of the work of sueh an institute should be the training of science
graduates in research methods. Moreover, opportunity should he
taken te encourage such gradnates (preferably after a period of
study at the eentral researeh institute) to zain further experience
by studving at recognised research laboratories abroad, The objec-
tion te foreigm training in dairving whick was noted earlier in this
section does not extend to training in research, since the latter in-
volves a genersl] study of the application of scientific prineciples and

(14) Loc. cit., p. 634.
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technique to the solution of dairy problems, and not merely a special-
1sed knowledge of dairying practice.

If science graduates are to be encouraged to enter this field of
study, certain incentives will, T think, be necessary. In the first
place it is essential that such post-graduate research students should
be able to work for higher university degrees at the Imperial Dairy
Research Institute. This arrangement wasg suggested by the Royal
Comunission (1%} in regard to post-graduate students working at the
Imperial Agricultural Researeh Institute. It should, I think, apply
equally to the dairy research institute. In the seeond place it is
desirable that funds should be made available to cnable research
scholarships to be awarded to promising science graduates to enable
them to work at the central institute or to reside at a foreign research
centre for an adequate period of training. The provision of sueh
scholarships micht be undertaken by ihe Imperial Council of Agri-
cultural Research('®). In the third place it will be valueless to
give initial enconragement of this nature to promising students
unless a real attempt is to be made to establish a research service
for the dairy industry commensurate with its Importance in Indian
agriculture. I have already referred to the need for developing
dairy research il the provinces, This will inevitably be a gradual
process, but I anticipate that it should proceed with sufficient rapidity
to absorb the specially trained scientific workers who will become
available during the next ten or fificen years.

If improved methods for the production and handling of milk
and the manuflactnre of itk products are to be made use of in

Blementary  dairy °fhe villages, it will be essential to have avail-
training. able a lawe number of workers trained in

certain elementary dairying practices, Such
workers might be responsible for running village collecting or
separaling centres, for ghee or khoa making on a village industry
basis, for the supervision of mandies(17) or for running small retail
milk shops.  Sueh men wonld need elementary fraining in dairy
hygiene and specialised training in the particular branch of work
which they are to undertake. They would, in fact, correspond to
the ‘ stockmen > who are already employed in certain branches of
animal husbandry and veterinary work.  Short vernacular courses
would be necessary for the training of such men, but the syllabug
of such courses should be elastic, being altered from time to time
to meet the immediate needs of the dairy industry. The training
would, of course, need to be undertaken at provincial eentres, and
suecessful trainees might be awarded a special college certificate.
It would be desirable that the syllabus for such courses should be
discussed with the Imperial Council of Agricultural Research, which
could act as a valuable clearing house for information on the sub-
ject.

{18) Lae. cit., p. 60,

(18) The SChUl.lrShlps offered by the Agricuitural Research Council of
Great Britain usually allow for two years work at home and a third year
abroud,

(17) te., ghee collecting depots.
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In any such work 1 strongly recommend that serious consider:
tion should be given to the provision of dairy training for wome
Women have & natural aptitude for dairy work : moreover, they ar
already largely responsible for the handling of milk and the mant
facture of milk products sueh as ghee. If improvements are to t
effected in the handling of milk and milk products under villag
conditions, the cooperation of the wonmen of the village is essential. I
any attempt to provide special dairy iraining for women I sugges
that collaboratien should be sought with other agencies such as th
health services, co-operative societies, and philanthropie and welfar
associations. )

The dairying instruction given at wveterinary colleges is ¢
present usually limited to a short course in milk inspection. 1]

) is very desirable that this instruetion shoul
ﬁo(:]‘m‘:s;;s °‘fet’;ﬁ§£ be extended to inelude a knowledgze of el
colleges. mentary dairving and of the prineiples involve

in the prodection and handling of mill
ineluding the management of a dairy herd. The veterinary assis
ant is brought into elose contact with the cultivator, and a betit
knowledge of dairying would frequenily enable him to infiuenc
the latter in adopting improved dairying methods. The respons
bility for this side of the work will tend to increase if, as 1 recon
mend later, the animal husbandry and veterinary services are un
fied. It is therefore all the more important that adequate instru
tion in dairying should be included i the syllabus of veterinar
diplomas and degrees.  'The inclusion of such training will nece:
sitate the provision of adequate aceommodation for a small dair
herd and dairy at each veterinary college, and il is possible that th
staff will also need to be augmented at some centres by the inclusion ¢
a qualified instrocter in dairying.

IIT.—ADVISORY SERVI('ES.

Tn Part T of this Report 1 have pointed out that very littl
is known regarding the best methods for the production and hand
ing of milk and the manufacture of mil
products under the tropical conditions ¢
India. It wight therefore appear doubtful whether the time :
yet ripe for constituting dairy advisory services in the province
This would, however, overlook two facts.

Present position.

In the first place the Imperial Dairy Expert is at present tt
only officer available in India to answer the large number of 1
quiries which eome from all parts of the country, Owing to th
time and expenditure involved in travelling, the Imperial Dair
Expert is only able to answer these inguiries by correspondenc
. He is, moreover, seldom in a position to know the local conditions ¢
production and the loeal market requirements. Consequently h
has to rely on the information—often incomplete or even misleac
ing—which he is given by his correspondents. I found on mm
than one oecasion that this liad resulted in the installation of plar
and equipment which was entirely unsuited to the loeal condition
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and that in consequence there had been serious financial losses as
well as loss of confidenee.  The Imperial Dairy Expert himself
quoted an instance where a timely visit had put an entively differ-
ent complexion on a new dairying entetprise and had enabled him
to reduce the proposed capital expendlture from a very large sum
to a few hundred rupees. If a local advisory staff was available
in. each provinee, snch difficulties would not arise.

In the second place it is clear that an officer such as the
Imperial Dairy Expert eannot take any active part in stimulating
the development of dairying in the provinces,  Most provinces
are at least as large as Great Dritain and it will be readily under-
stood that the serviecs of a speeial provineial stalf are essential if
the needs of such large areas are to be explored and their potentiali-
ties developed.  Sueh a provineial staff would, moreover, not only
be in a position to give expert advice both to the provineial govern-
ment and munieipalities, but would be available as the medium
for initiating any ncw schemes of development which might be
planned.

Under these circamstances 1 strongly recommend that provin-

¢ial gmelnments should take the necessary steps to establish an

B advisory serviece for the dairy indusiry. As
Need for a provin- , fret slep I consider that a specialist officer
should be appointed in each provinece. 'This
officer could undertake a preliminary survey of the needs of the
province,  Further development would depend on the results of
his survey : whether, for example, progress eould best be achieved
by organising village milking centres, or by encouraging the co-
operative production of milk products, or by the establishment of
grading ecentres and other improved methods of marketing. It is
essential that the specialist officer should not merely look on his
post as that of an expert adviser. His major duty should be to
initiate developments, and to take the lead in encouraging the adop-
tion of Improved dairying methods. For this reason I suggest
that his official designation might be that of °‘ Dairy Development
Officer "’.
The question at onee arises as to the department to which this
officer should be attached and as to the means which should be
adopted for keeping him in tomeh with the

Methods of gecur- contre  In this connexion I have been
ing co-ordination. . . .

greatly impressed with the organisation of

the agricnltural marketing staff.  Provincial Marketing Officers,

while nominally attached to agricultural departments, actually work
under a small committee representative of the various departments
and interests concerned.  As repards contact with the centre,
arraneements are wmade by which close toueh is maintained with
the Agrieultural Marketing Adviser to the Government of India,
and all marketing surveys are co-ordinated through this channel
I consider that a somewhat similar arrangement might be adopted
in reeard to the administrative position of the Provincial Dairy
Development Officers.
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The development of dairying is closely related to many other
- branches of government aetivity., 1 suggest that the committee
under which the Dairy Development Officer should work should
include the Director of Agriculiure, the Director of Veterinary
Services, the Director of the Public IHealth Department, the Re-
gistrar of Co-operative Societies, the Provincial Marketing Officer,
and not more than three other members who should be nominated
on account of their special interest in some aspect of dairymng(1%).
One of these should be a member of the dairy staff of the provineial
agricoltural college.  This arrangement would ensure the co-
ordination of daliry developments with Government aectivities in
elosely allied fields, and would provide the Dairy Development
Officer with a valunable source of advice and assistance in the plan-
ninp of his work®*.

(lo-ordination with the central Government involves a more
complex problens.  The development of dairying in India is pri-
marily the concern of provincial Govern-
ments. Owing to the very undeveloped
condition of the industry it is, however,
essential that the central Government should take a prominent part
in initiating and eco-ordinating any developments, 1 have already
recommended the establishment of an Imperial Dairy Research
Institite as the main coutribution which the ceniral Government
can make to the development of the dairy industry. It s, 1 believe,
equally important that the central Government should encourage
the exchange of ideas and expericnces among Provincial Dairy
Development Officers and also between sueh officers and the stail
of the central Rescaveh lustitnte.  The obvious channel for such
co-ordination 38 the Imperial Cownell of Agricultural Research, One
method of achieving this airs would be to attach a specialist officer
to the Council whose duties would include the co-ordination of dairy
developments and of dalry research in the provinces. I believe,
however, that the purpose in mind eould be achieved more efficient-
ly and economically by combining these duties with those of the
Director of the lmperial Dairy Research Imstitute.  The Director
should be the lLest qualified worker in this fleld in India. He wil}
be in intimate touch with the latest research work at his own institute as
well as at other research eentres in India and overseas. For the
successful planning of the Institute’s programme of work he
should, moreover, be kept closely in touch with the needs of the
. Indian dairy industry, and this could be assured if he has facilities
for maintaining personal econtact with the Provincial Dairy Develop-
ment Officers.

For administrative reasons it is, however, essential that the
actual chanuel of communication should be through the Imperial
¢ Couneil of Agrieultural Research. I suggest, therefore, that the

Co-ordination wit
the centre,

£18) Bee, however, the suggestions put forward in Appendix VI

*The actual exceutive control of the Dniry Development Officer might be
entrusted to the Head of the Department responsible for animal hushandry
development.

H36ICAR
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Director of the Institute should not only be appointed a member
of the Conneil, but that he should act as part-time Dairy Expert to
the Counecil in so far as his dutics include those of advising and
co-ordinating work in the provinees and constituent states. The
transfer of the Institute from Bangalore to a site nearer to New
Delhi will facilitate this arrangement. I should make it clear that
this proposal is not intended to prejudice the ultimate appointment
of a full-time Dairy Expert to the Couneil if the growth of organised
dairying should justify this step.

I should perhaps state at this point that I feel that the relation-
ship between the Imperial Council of Agricultural Research and the
three Imperial Research Institutes(19) requires elarification. The
funections of the Council are not limited to the promotion, guidance
and co-ordination of agricultural and veterinary research. The
Council is alsu designed to act as a clearing house of information in
regard to agrieultural and veterinary matters generally{29). In
this respect it stands in a wnique relationship to provinecial Govern-
ments, and it is therefore the obvious body through which eo-ordina-
tion and the exchange of ideas and experiences should be seeured.
But 1 believe that it is equally important that the Council should
be able to make full use of the speecial facilities available at the
Imperial Regedrch Institutes, and that the programme of work of
these Institutes should be subject to periodie review by the Couneil.
Ultimately it may be desirable to establish a more direet relation-
ship between the Counecil and the Imperial Research Institutes on
the same broad lines as that which exists between the Couneil and
the recently established Imperial Institute of Sugar Technology.
In the meantime the appointment of the Director of the Imperial
Dairy Research Institute as part-time Dairy Expert to the Couneil
will ensure a very close measure of collaboration between these two
bodies.

If this additional duty is to be undertaken by the Direetor ot
the Institute it is essential that he should he provided with a special
officer who can relieve him of much of the detailed work involved.
and who can aet as a personal liaison officer between the centre
and the provinces.  Such work will probably invelve eonsiderable
travelling, since one of its objects will be to assist Provineial Dairy
Developruent Officers in the initiation and development of new
methods of handling mitk and milk produets. Tt is obvious that
the Dircetor cannot undertale this work personally. Tt is desir-
able that. in addition to an extensive knowledge of the dairy industry,
the officer appointed sheuld have had experienee in similar organig-
ing work, preferably in connexion with the supervision of provinelal
marketing inquiries.  The establishment of this post will supersede
the present position of Imperial Dairy Expert.

(1%} re, the Imperial Agricultural Research Institute, the Iml-)erial

Veterinary Research [nstitute, and the Imperial Dairy Resgearch Institute.

(20) Memorandum of Assoeiation of the Imperial Council of Agriculbural
Hesearch, :
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I should, perhaps, refer briefly to the probable costs involved in
the establishment of dairy advisory serviees in the provinces. The
_ initial expenditure should not exceed, say,

" Probable expendi- R 95000 per year in each province, which
ure involved. ? :

would meet the salary and expenses of the
Provineial Dairy Development Officer, with perhaps one or two as-
-sistants. The ultimate expenditure would considerably exceed this
sum, but would probably not be in excess of Rs. 1 lakh per year.
It is instroetive to compare this with the expenditure inveolved in
the dairy advisory serviees of (reat Britain,  The total number
of county instructors and other advisory officers employed is 125,
and the expenditure on saleries alome is roughly £30,000 (Rs. 4
lakhs). Yet the value of Great Britain’s output of milk is only
about a guarter of that of India. DMoreover, in India the provi-
sion of Government assistance is far more urgently required than
n great Dritain, owing to the backward state of the Indian dairy
industry. 1f the establishment of provineial advisory services
resulted in an increase in the value of milk produacts by only one-
tenth of one per cent. of its present value, the sum realised (Rs. 30
lakhs) would be far more than sufficient to justify the whole of the
administrative expenses involved.

12
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CHAPTER XI-—Recommendations for the future development of

Research, Education and Advisory services in connexion with
cattle improvement.

In Part IT a description has been given of the efforts which are
being made to improve the general standard of Indian cattle, and
attention has been directed towards some of the major problems to
be solved and some of the more urgent difficulties to be overcome
in achieving this end. The present chapter will be devoted fo
specific recomendations in connexion with the future development
of the cattle industry. As in the previous chapter, the subject
will be dealt with under three heads, namely research, education
and advisory services.

I.—ResearcH.

The existence of a number of large Government breeding farms
in India offers nnigue facilities for the study of problems of inheri-
Problems of broed. tance in cattle. It is therefore somewhat sur-
ing and management, D7ISINZ o find that nG notable coutrll_)uuol}s
to existing Lnowledee Hiave been made in this
field by workers in India. T believe that this is largely due to the
fact that there has in the past been no foeussing point for such work,
The breeding farms have been run on strictly utilitarian lines ; un-
satisfactory animals have been ‘* culled ”’ and no serious attemnt
has becn made either to record the full breeding data of the herds
or (where such data have been recorded) to aualyse the results
gystematically. Thus the opportunity of ecollecting and analys-
ing information of great potential value has been meglected. As
a first step in remedyine this position it is, T helieve, essential that
a first-rate gencticist should be recruited for service in India. T
have been particularly struck by the valuahle results achieved by
gencticists in plant hreeding, and I do not doubt that equally valu-
able (though less rapid) results might be achieved in the field of
animal breeding. 1 understand that proposals are already under
discussion for the establishment of an animal geneties section of
the Imperial Veterinary Research Institute at lzatnagar. | believe
that such a seetion would prove to be a great asset in the future
development of cattle hreeding in Tudia(l).

Work in this field may be classed under three heads : problems
associated with inheritance, problems involving a study of. the
physiology of reproduction (including endocrinology), and problems
connected with management and constitution.

As regards problems of inheritance, there is no doubt that
these ean hest be investigated in ecollaboration with existing eattle
breeding farms.  1In the study of the inheritance of milking capa-
eitv, the laclt of any uniform svstem of milk records—indeed the

(1) The Royal Commission on Agriculture in India (Cmd. 3132, p, 242)
expressed the view that the time was not rtipe for the establishment of .n
animal geneties institute in India, and stated that much valuable work in catlie
breeding might be done without such o eentre. Their arguments apply, however,
ouly to research into specifie problems of inheritance ; they do not apply to
the relotively modeen developments which are now included under the general
hending of genetics, mamely endocrinology and the physiology of reproduction.
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lack of breeding herds in general--has in the past been a serioua
handicap. The only data at present available are those which
have been specially collected at a few agrieuliural centres and om
Military Dairy Farms,  As the breeding of milking strains ex-
tends this position will gradually be remedied. In the meantime,
however, much useful data ean be aceumulated regarding the inherit-
ance of milk yield in stock whose milking potentialities have so far
remained relatively undeveloped. Breeding studies should not,
however, be limited to milking stock. There is little information
available regarding the mheritance of draught qualities and con-
formation.  There is. too, the vexed question of the feasibility of
breeding for draught and milk, Cross-breeding with European
stoek also offers scope for investipations by the geneticist®*.  The
study of these subjeets could most easily be undertaken by co-opera-
tion between the wenetics seetion at Izatnagar and the various
Government hreeding farms,

The second group of problems, namely those concerned with
the physiology of reproduction and endocrinology are, however, best
studied on a relatively small scale, at any rate in the earlier stages
of the work.  The feasibility of artificial insemination would, for
examule, need to be tried out under experimental conditions before
it eould be tested in the field.  Hormone therapy would also require
to he carried ont on a scale permitting ecareful control and in col-
laboration with workers in other branelies of animal husbandry and
veterinary pathology. FKor sueh work Izatnagar itself would form
an excellent centre,

The third group of problems, which are concerned with the
relation of constitution te management, have been discussed in some
detail in Chapter V11T, The study of these problems has so far
been limited to two main centres, namely the Tinperial Agricultural
Rexearch Institute and the Military Dairy Farms, I consider
that such problems are of great significance in relation to the im-
provement of wilking eapacity in cattle kept under the {iropiecal
conditions of India. and that their investigation should be econtinued
and if possible extended. In partienlar. attention should be given
to the mfluence of feeding and of climatic conditions on constitu-
tion (preferably measured by some objective physiological response)
as well as on the rate of orowth and age of maturity., 1 suggest
that thix work shonld inelude not only Indian mileh ecattle, but
buflaloes and European eross-breeds.  Such work will probably
be eontinurd at the Tmperial Agricultural Research Institnte, but
T con<ider that it ig of sufficient importance to be undertaken at
other centres, partienlarty at Izatnagar and at the new Dairy
Research Institute.

I have already indicated that nutritional research problems
fall into three groups : first, problems connected with the produe-
tion and eonservation of fodder suitable for
milel: cattle ; second. the formulation of a
svetern of rationing suitable for Indi‘m cattle ;

*i.€, as part of a study of the inheritance of milk vield. “This docs nay

affect the gemeral conelusions regarding cross-breeding which are outlined in
Chapier IX.

Nutritional pro-
blems.
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and third, the detection and remedy of specific forme of nutritional
deficiency attributable to the lack of adequate minerals and vitamins
in the diet.

The first group of problems requires widespread field-work
in order to determine the feasibility of the growing of fodder crops
in different localities and under varyin
Fodder productlon.  )imatic conditions.  As indicated in 03{1135,_
ter VII this does not only involve the study of yields and costs of
production. but neecessitates the investigation of the influence of
sueh crops on soil fertility.,  Briefly the general problem involved
is that of establishing a system of ‘ mixed-farming’ suitable to
Indian eonditions. In order to determine the feasibility of such
a development it is obvious that the centres for investigation should
be as numerous as possible.  There are at present throughout India
some 200 Government farms distributed as shown in Table 39(2).
Of these only 40 are cattle breeding farms ; the remainder are ex-
perimental and demonstration farms which are primarily utilised
for crop produection. Such farms usually possess only a few bul-
locks, which are nsed for cultivation. If {as I recommend later}
small dairy herds eould be attached to each of these farms, admir-
able facilities would bhe available for the investigation of ° mixed-
farming ’ methods Gnder a wide variety of conditions. The effect
of mixed farming on the yield of cash crops and food crops, as
well as on the vield and cost of production of milk, eould thus be
investigated on a practical scale and at centres which are already
recognised as the main sources of information to the progressive
cultivator.  Side by side with such investigations, practical observa-
tions would need to be made into the effect of different gualities and
quantities of fodder on the health, growth, maturity and milk yields
of caitle. [t is desirable that part of this work should, however,
be carried ont on ‘ country ' cattle and not on improved breeds, smee
it is important to ascertain what would be the economie effect of the
adoption of ‘ mixed-farming ' under existing willage conditions.

The second general subject for investigation, namely rationing,
requires a very different type of organisation. The ultimate formu-
lation of satisfactory feeding standards entails
exact seientific experiment, and this is only
possible at centres which possess special equipment and a staff of
trained seientists. The sub-division of this subject has been dealt
with in Chapter VIII ; it only remains for me to suggest a suitable
allocation of the work between the various existing centres. The
recent establishment of an Animal Nutrition Section of the Imperial
Veterinary Heseareh Institule at Izatnagar fundamentally affects the
alloeation of work(*).  Although ful! use should obviously be made.
of the facilities available at the three provineial centres (4.e., Lyall-
pur, Coimbatore and Daeca), it is inevitable that much of the funda-

(2} °° Agrienlture and Animal Husbandry in India, 1933-35'’, Part Ii,
Pp. 54—63.

{3) This takes the place of the Physiological Chemist’s section =at
Bangnlore. .

Rationing.
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mental work of all-India importance should now tend to be centred
at Izatnagar,

Bearing in mind the ultimate objective, namely the formulation
of a rationing system, the work may be divided in one of two ways.
It may be divided according to fumnetion, that is in terms of require-
ments for maintenance, growth, work, reproduction or lactation.
Alternatively it may be divided according to the food constituents
studied, namely the energy, the proteiv or the mineral constituents.
In practice it is more economical to allocate investigations according
to funciion, since tood and execreta from a single amimal can be used
for a number of different analyses. The investigation of energy
requirements is an exeception to this generalisation, sinee such work
requires a specially construeted calorimeter and a very highly trained
staff.

Under these circumstances I suggest that the energy require-
ments for all functions should be studied at a single centre, and that
the central laboratory at Izatnagar should be provided with the
necessary equipreent and staff for this purpose. The remaining
work could be alloeated among the three provincial centres, From
geographical considerations it would seem that requirements for
milk produetion should be studied at Lyallpur, requirements for
work at Colmbatore (where special facilities already exist) and re-
quirements for growth and reproduction at Dacca. The study of
mineral requirements is particularly important at the two latter
centres, which are situated in areas where stunted growth is not un-
eommon. At all eentres the work should be carried out on both
Indian cattle and buffaloes, since the efficiency of digestion and
utilisation of food appears to differ for these two types of bovine.

This provisional allocation of work is not meant to be mutually
exelusive,  Snecess in research depends largely on the initiativae
and keenness of individual workers, and it would be unfortunate
if anyv scheme of eo-ordination were to have the effect of discourag-
ing workers in the prosecntion of promising lines of work., On
the other hand the subjeet is such a large one, and the means at the
disposal of each ecentre ave so limited, that it is wmost desirable
that unnecessary overlapping of work should be avoided. I com-
sider that in order to assist in co-ordinating the work of the various
centres, & 'small committee of those concerned should be set up under
the Imperial Council of Agricultural Research. This would also
form a valuable medium for discussion and for the exchange of
information and experience.

T have wentioned in Chapter X that, apart from the determina-
tien of the nutritional requirements of cattle, it is most desirable
that representiative analytical figures should bhe obtained for the large
variety of feeding stuffs available in different parts of India. I
understand that suitable Facilities for such analyses are already avail-
able at the Imperial Agricultural Research Institute, New Delhi,
where investigations are in progress into various branches of crop
production. I therefore recommend that the Institute should be
responsible for undertaking the comprehensive fodder and feeding
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stuffs analyses which will be necesary in connexion with the ultimate
formulation of a rationing system.

The third general group of problems requiring investigation
is that concerned with mineral and vitamin deficiency diseases.
Here there are three methods of approach.
One method, namely the accurate determina-
tion of mineral reyuirements, has already been dealt with. The
second is the ecrrelation of these requirements with the mineral
composition of herbage. In this work, which is of a purely routine
nature, the adequate equipment and staffing of a central analytical
laboratory would prove the cheapest and most convenient means of
undertaking the large number of analyses required. I suggest that
the Nutrition Section at Izatnagar should include such a laboratory,
and that where mineral deficiencies are suspected, arrangements
ghould be made to send typieal samples of fodder to this laboratory
for analysis. The third method of approach is the recognition of
the clinical signs of nutritional deficiency disease. At present
the Disease Investigation Officers{*} are largely respousible for this
branch of the work, The first cases of osteomalaecia reported in
India were, in facf, discovered as a result of the work of one of
these officers. | consider that such work is of very great importance
and would atome warrant the continnation of the appointments of
Disease Investigation Officers. It is, of course, essential that in
any suspeeted cases of nutritional deficiency disease the co-operation
of the Nutrition Seetion at Izatnagar (and where necessary of other
sections) should be enlisted on the lines suggested above,

Il —-Epucarion,

Facilities for the training of students in cattle breeding, feeding
and management are at present altogether inadequate. Apart from
instruetion included in the syllabus of agricuttural degrees and
veterinary diplomas, there are only two courses open to students,
namely, special training given at the Imperial Agricultural Research
Institute and the instruetion included in the I. D. D, syllabus. Yet
the future developinent of the cattle and dairying industries must
depend largely on the supply of well trained men capable of super-
vising the work of government breeding farms and similar eentres.
The provisien of suitable training will be all the more important if
a determined effort is to be made to improve the standard of Indian
eattle. As a result of my inquiries I consider that training is
required in four directions : first, improved teaching in existing agri-
cultural and veterinary courses ; second, post-craduate experience
in cattle breeding and management ; third., post-graduate research
training in genetics and animal nutrition : and fourth. elementary
eourses of instruction for so-called © stockmen '

I should make it elear at the outset that in breeding and live
stock management generally, theoretieal teaching cannot replace

. practical demonstration and experience. It is
cuf.ﬂff;}m'::ﬁi a'tvea't%ﬁ: essential  therefore that agricultural and
naxy colleges, veterinary colleges should possess both farm

land and live stoek. Tahle 40 shows the

(4) Appointed through the Imperial Council of Agrieultural Research.

Deficiency <diseases.
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present facilities available at the various provincial centres. It will
be seen that on the whole the faeilities at agricultural colleges are
reasonably satisfactory. During my visiis of inspection it was made
clear that students had ample opportunities of handling stoeck and
of taking part in the various farm operations. At all centres stock-
judging is taught, both on the college farm and during visits to other
breeding farms, It is unfortunate to find that two of the agricul-
tural colleges rely on cross-bred European stock for their own dairy
herds. This is apt to give students a false impression of the poten-
tial value of Indian breeds of cattle. It may also be mentioned that
there is a tendeney to instruet in stoel-judging from diagiams of
European breeds. This will probably be remedied when the details
of Indian breed types are published by the Imperial Council of Agri-
cultural Resgearch.

At veterinary colleges, on the other hand, facilities for practical
training are lacking, except at one recently established centre(®).
The actual handling of live stock is, of course, included in the
students’ ordinary routine. But the stock handled are mainly in a
discased condition : no practieal instruection is given in the manage-
ment of healthy stock, nor in day-to-day farming operations, nor in
milking or practical dairying. There is, of course, theorctical teach-
ing in animal husbandry at all the veterinary colleges. but at two
eentres this does not include practical experience in such subjects as
stock-judging, At the remaining centres reliance for such traning
is placed on very oceasional visits to breeding farms and cattle shows.
T consider that it is essential 1hat this lack of practical training
should be remedied. As a minimum. each veterinary eollege should
possess a small herd of milking eows, with accompanying bulls and
young stock, and sufficient land to demonstrate agricultural opera-
tions and to produce fodder for the herd. This would, of course.
also entail the keeping of one or two pairs of draught bulloeks, A
suitably equipped dairy would also be needed to demonstrate the
essentials of dairy hygicne. Without these facilities no improvement
can be anticipated in the present level of animal husbandry instrue-
tion in the veferinary colleges, which is of a definitely low standard.

The ordinary student who has taken a degree or diploma at an
agricultural or veterinary college should be sufficiently well quali-

fird to be able to handle, manage, and judge
peﬁzs;lt;gra’cﬁ“nm“ cat:i: cattle. But this training is, of course, quite
breeding. inadequate to qualifv the student for a res-

ponsible post in a large cattle breeding farm.
For such & post a student would require advanced training and
experience in cattle breeding and management. In the past reliance
has heen chieflv placed on the recruitment of Eurcpeans to il
important cattle breeding posts. There is no reason why sueh work
shonld not be undertaken by qualified Todians, provided that faci-
litles for training are improved.

It has been aptly stated that the true stock breeder is horn and
not made, but there is also considerabie truth in the contention that

{5) i.e, at the Patna Veterinary College.
i
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‘an eye for stock’ ecan be cultivated by continued contaet with
animals, provided that the student has sufficient guidance from a first-
rate practical breeder. ‘I'he potentialities of a student for live stoes
work will usnally become apparent during his eollege course, and
every effort should be made to pick out such students for further
training. This should be along two Hnes : first, actual experience
on an approved breeding farm (such as a provineial cattle breeding
farm), and second, an udvanced course in animal husbandry at a
central institution. Until the details of the various developments
at Izatnagar have been decided (including the facilities for teachiug
in connexion with the proposed central veterinary coilege, and the
establishment of a geneties seetion of the Imperial Veterinary Re-
search Institute).l cannot do more than recommend in general terms
the institution of such & course of training as that outlined above.
I feel, however, that in view of the urgency of ensuring an adequate
supply of trained breeders for the responsible posts which will fall
vacant within the next few years, a provisional scheme of training
should be arranged at a very early date®.

The provision of post-graduate research training in animal nutri-
tion should not prove difficult. There are already three provineial
cepitres at which research into animal nutri-
tion is studied, and the Nutrition Section at
Izatunagar is in course of erection. No faci-
lities at present exist, however, for research training in animal gene-
tics. This position will be remedied with the establishment of a
Genetics Section at Izatnagar. In the meantime students who require
such training will need to be sent to research centres overseas. The
demand for ‘workers with research qualifications in genetics will never
be large. There are, however, few if any Indian students who
possess such qualifications at present. If a (Geneties Section is to be
established at Izatnagar, it is essenfial that this position should be
remedied. 1 suggest that the Imperial Counecil of Agrienltural
Research shonld consider the establishment of ome or two speeial
scholarships to enable promising post-graduate stodents to obtain
the necessary research training overseas.

Az in dairying, the ultimate dissemination of knowledge
acquired at research centres and elsewhere depends on the employ-

ment of a large staff of trained men who can

Dfﬂgﬁ_i:z:gn COUTS®8  -vorl: among cultivators in the villages. This
' “ac’ has Ied to the proposal that special ele-

mentary courses should be instituted for the training of ¢ stoekmen .
who can ascist the provineial veterinary staffs in such aectivities as
vaccination, castration and general live stock Improvement work.
This subject was discussed in detail at a recent meeting of the
Anima)l MHushandry Wing(®), when it was suggested that such »
course might oecupy 6 months and that the subjects taught should
be dressing and eomponnding and the treatment of simvle and minor

Post-graduate T6-
search.

*T enggest that as an interim measure advantage might be taken of Lhe
personnel and facilities available at the Tmperial Agrienltural Research
Institate, New Delhi, and at its sub-station at Karnal

(8) Report of the Sub-Committee on Veterinary Eduecation,
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ailments, castration, the registration of pedigree stock {including the
tattooing and branding of animals), rendering assistance in vaccina-
tion and inoculation work, dipping operations, and other miscellaneous
duties of a simple character. I am strongly in favour of the inst:-
tution of such eourses of training. I do not consider that any sub-
stantial progress can be made in improving the live stock of the
country ‘without a large increase in the personnel of the provineial
veterinary departments. Since much of the work is of an elementary
and routine character, it could however quite well be performed by
less highly trained men than veterinary assistants. Moreover, the
employment of such ° stockmen ’ will, T believe, have the indirect
effect of raising the standard of training and efficiency of veterinary
graduates, a direction in which there is undoubtedly room for
improvement.

III.—-ADVISORY SERVICES,

In the previous chapter it was pointed out that nmo provineial
services existed for advisory work in relation to the dairy industry.
The provision of advisory serviees for animal husbandry and vete-
rinary work and the respousibility for live stock improvement have
long been recognised as falling within the duties of provincial gov-
ernments. In most provinces, however, sueh work has been under
dual control, veterinary departments being responsible for the con-
trol of disease and for castration, and agrieultural depariments for
the breeding and distribution of pedigree and approved bulls. There-
is no doubt that this dual eontrol has been detrimental to cattle
improvement. I propose, therefore, to deal with this general gues
tion in some detail. ¥ shall then outline certain supplementary recom-
mendations.

During my tour 1 had ample opportunity of discussing the
control of eattle improvement with directors of agriculture, directors
of veterinary services, and live stock experts,
as well as with independent persous connected
with cattle breeding. As a result of my in-
quiries and of the examination of a number of other relevant con-
siderations, T consider that the unification of live stock improvement
and veterinary work into a single depurtment of animal husbandry
will ultimately* be essential for the successful development of the
cattle industry. The chief considerations which have led me to this
conclusion may be summarised as follows -

(1) The whole tendeney in modern medicine is to substitute
preventive for curative treatment. This is equally
true of both human and veterinary medicine. Adequate
nutrition, sound breeding and a favourable environment
are held to be as important as preventive vaceination
and inoeculation. The linkine of all such preventive
measnres is specially neeessary in a country like India,

The control of cattle
improvement.

*I tecopnise that for local and personal reasons immediate unifieation
may not he desitable or possible in :ll provinces, This does not affect my
view that unification is the ultimate poal to be aimed at if the best use is to be
made of the personnel of the live-stoek and veterinary departments.



. 116

where, as a result of the lack of adequate communica-
tions and of the extreme poverty of the ecuitivator,

curative treatment of individual animals is seldom pos-
sible.

+¢} Any attempt to improve the standard of cattle by the
aistribution of pedigree or approved bulls is of litile
value unless it is accompanied by the castration of
inferior males and the inoculation of improved stock
against contagious disease. The two laiter measures
are already under the supervision of the provineial
veterinary departments. It is clear that the dual
control of live stock improvement under village con-
ditions is fraught with difficulty, and it would obvious-
ly faeilitate such work if the distribution of bulls
and the castration and inoculation of stock was placed
under the same supervision{”). Moreover, by utiliz-
ing trained stockmen for all three duties (as well as
for the registration of progeny, the need for which
has heen stressed in  Chapter VIII) considerable
economy should he effected.

(3) In general, the training of a veterinarian should give
him special qualifications for the eare of stock. Re-
garding these gualifications the Royal Commission ov
Agriculture(®) have stated that ‘° Where the know-
ledge and instinets of the farmer and cattle breeder
are combined with the professional training of the
veterinary surgeon the position is ideal ?,

(4) The provineial agricultural departments already have
a very wide field of work. They are responsible lor
demonstrating and advising on the methods of eulti-
vation of a great variety of erops. They have eharpe
of all improvements in erop production and under-
take the distribution of improved seed. In addition
they are responsible for the eontrol of plant diseases.
ITnder these cirenmstances their interest in  cattle
improvement is bound to be a very minor one,

(5) This fact aecounts For the small proportion of the agri-
enltural staffs who are used for live stoek improve-
ment work. Table 41 shows the number of gazctted
and non-gazetted officers attached to the agricultural
and veterinary departments. It will be seen that the
total numbers are very similar, espeeially in the non-
gpazetted posts. But special inguiries which T made
during my tour showed that ont of roughly 2,000 agri-
enitural officers only some 80 (or 4 per cent.) were
actually engaged in live stock improvement. On the
other hand the whole of the veterinary staffs (namely,

(1) Tt may be-'noted that in most provinces the veterinary staffs nre
already responsible for the health of pedigree bulls distributed to villages
(8} Loe. eit., p. 230
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1,800 officers) are already engaged in one branch of
this work, namely, castration and inoculation.

(6) A similar position is alse found in regard to the relative
expenditures of the departments on live stock im-
provement. Table 42 shows that only 6 per cent. of
the expenditure included in the agricultural budgets
is alloeated to cattle improvement. Such work must
-obviously take a minor place in the departments’ aeti-
vities., The whole of the expenditure of the vete-
rinary departments is, on the other hand, already
devoted to live stock work, and it is significant that
in the Punjab (where animal husbandry work is
under veterinary supervision) 18 per cent. of the ox-
penditure is used direetly in the breeding and distri-
bution of pedigree bulls.

These facts appear to ine to provide a very strong case for
unifying animal husbandry and veterinary work into a single depart-
ment of animal husbandry, and [ strongly recommend that in the
interests of both efficiency and economy this policy should ultimately
be adopted by provineial governments. Certain safeguards will.
however, be necessary. These may be summarised as follows :---

{a) 1l is probably inevitable that the Director of the unified
department should be a qualified veterinary surgeon.
While the Director must obviously retain general con-
trol over all sides of the work, 1t is, 1 believe, essential
that he should have on his staff a live SBtock Experf
with speelal knowledge and esperieree of cattle breed-
ing. This officer should not only be available to give
expert advice on breeding matiees, but  should be
given full responsibility for the running of provineial
‘cattle breeding farms and for selecting and purchasing
pedigree and approved bulls. He should alse be res-
ponsible for any work arising in connexion with the
institution of herd books and milk records. For such
an offieer a veterinary diploma should not be an essen-
tial qualification : he should be selected primarily on
aceount of his knowledge and experience of practical
cattle breeding. At the same time every effort should
be made to improve the training of veterinarv graduates
in all braneches of animal husbandry.

{b) The unification of animal husbandry and veterinary work
will not eliminate the need for elose co-operation between
the agricultural and veterinary departments, This is
particularly true if * mixed-farming ’ is to be attempted
on any considerable seale in the futare. In some pro-
vinces the two departmenis are not under the same
Minister. a position which calls for immediate remedy.
But it ‘will be necessary for co-ordination to be effected
not only through official ehannels but through personal
contact between the Directors concernsd(®). If my

(%) Bee, however, the suggestions outlined in Appendix VI.
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suggestion regarding the appointment of Provineial
Fodder Specialists 1s adopted, I anticipate that there
will be very eclose collaboration between these officers
and Provinecial Live Stoeck Experts. This should slso
provide a valuable connecting link between the two
departmerits.

(¢} In certain provinees the veterinary assistants are not
under the direet control of the Director of Veterinary
Services, but are employved by District DBoards. 1f
maximum efficlency and economy are to be achieved in
live stock improvement, it iz essential that all such
assistants should work directly under the provineial
government’s veterinary staff.

I should perhaps refer briefly to the expenditure involved in
live stoek improvement. 1 have already pointed out that the unifica-

Fxpenditure on tion of animal ‘husbandry and veterinary work

cattle jmprovement. shonld result in a better return for existing

expenditure, It is, however, inevitable that

if substantial progress is to be made in cattle improvement, the total

funds for animal husbandry work should be augmented. This is

true whether live stock improvement is under the agricultural or the
veterinary departmént.

The Royal Commission pointed out that in 1926 therc was ouly
one veterinary assistant to every 100,000 head of cattle but stated
that the actual requirement was one assistant to every 25,000 head.
Since 1926 the pesition has not improved appreciably, the present
figure being one veterinary assistant to every 85,000 head of eattle.
The numher of assistants varies, however, from provinee to provinee.
Table 43 shows that the suggested ratio of 1 : 25,000 has only been
approached by two provinces, 4., the North-West Frontier Province
and the Punjab, where incidentally live stock improvement is already
controlled by the veterinary departments. This table also shows the
expenditure on veterinary services and live stock improvement per
head of cattle. Tt is significant to note that the number of pedigree
and approved bulls at stud and the number of castrations performed
{as shown in Tables 24 and 26) run roughly parallel with this ex-
penditure. It is obvious, therefore, that further cattle improvement
cannot be effected without increased expenditure, whether the eon-
trol of such improvement is under the agricultural or the veterinary
departmaents.  Consequently the unification of animal husbandry
and veterinary work should not be looked upon as a means of redue-
ing expenditure on cattle improvement : rather is it a means of
making the best use of any funds available for live stock improve-
ment and of ensuring that such improvement is effecfed under the
most favourable conditions.

In Chapter VIII, I discussed the measures which are heing
taken to effect a general improvement in the standard of Indian

Supplement catile.  These measures are largely concerned
agencies formcattla with eattle of draucht type. I have, however,
improvement. tndicated that there is an urgent need for

developing the milking potentialities of in-
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digenous Indian breeds of cattle and that every vpportunity should
be taken to angment the number of agencies which can be employed
in such work. Among these agencies 1 consider that three are of
such importance as to warrant special mention in this Report.

Gowshalas and pinjrapoles(1°) were originally established as
homes for ailing, maimed or economically useless cattle. They form
a conerete example of the Indian reverence
Gowshalas and g gffection for animals, and particularly for
pinjrapoles, X
the cow. During recent years, largely as a
result of the efforts of the Imperial Dairy Expert and of the Animal
Husbandry Expert to the Impertal Council of Agricaltural Research,
an attempt has been made to direct the work of these institutions into
more constructive channels, and particularly to use them as a means
of improving the milking eapacity of Indian breeds of cattle. Among
the pioneer institutions which have adopted progressive methods of
management may be mentioned those at Calcutta, Karachi, Bombay,
Delhi and Cawnpore.

The aetivities of the Karachi Pinjrapele Association may he
taken as typical of those of the best managed pinjrapeoles and gow-
shalas. In 1926 this assoclation was granted over 800 acres of land
on permanent tenure and about 4,000 acres on lease from the Lombay
Government on condition that the association established a dawry
farm, a scientific breeding departmenti, and a veterinary dispensary
for the treatment of sick animals. At the present date there are
135 milking cows in the datry herd, glving about 12 maunds of milk
daily, Breeding bulls are kept by the association and can be requi-
sitioned by the public of Karachi. Tn addition an average of about
100 animals are given free of charge to zamindars each vear. The
association runs two veterinary dispensaries, at which more than
1,000 animals are treated cach year. These activities are carried on
in addition to the ordinary work of the assoeciation, which is respon
sthle for the maintenance of a total of nearly 3,060 head of cattle.
Similar progressive methods are adopted at the other institutions
mentioned.

The finaneial resonrees of such institutions are very consider-
able. They are maintained by charity or hy a cess levied on com-
mercial transactions which pass through the hands of those interestod,
or, in some cases, on all eommercial transactions in the market. A
speeial inguiry made during the course of my tour showed that the
gowshalas of seven large ecities were able to collect sums varvine from
3 pies to O annas annually per head of population (Table 44). In
Bombay, for example, the annual expenditure on gawshalas is over
Rs. 3 lakhs, in Karachi it is just under Rs, 134 lakhs, and in Dellun
it is over Re. 1 lakh. Taking the Jowest per capita contribution, ic.,
3 pies, and applying this to the tofal population of India. it may be
assumed that the total annual contributions to gowshalas and pinjra-
poles exeeed Rs. 50 lakhs. This is a very eonservative estimate, but

(10} At gowshalas only cattle are aecepted and maintained. Pinjrapoles
will accept and maintain all kinds of animals and birds,
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‘is sufficient to indicate the very comsiderable sum involved(}. It
is obvious that every effort should be made to encourage the expendi-
ture of part of this sum in construetive breeding work such as that
deseribed above.

The question arises as to whether any assistance in this diree-
tion: can be given by Government. It is, [ believe, essential that there
should be no interference with the internal administration of such
institutions. Ome direction in which provincial governments might
help is by the grant of land on favourable terms to gowshalas and
pinjrapoles at which breeding work is undertaken. I found, more-
over, during my tour that there was considerable ignorance among
those responsible for the management of such institutions regarding
the aims and methods employed at the more progressive eentres. 1
suggest that this might be overcome by the appointment of a special
officer whose duties would include the stimulation of local interest
at the various centres and the giving of expert advice to institutions
which desire to improve their methods of management and to adopt
a construetive breeding policy. Buch an officer would best be attached
to the staff of the Animal Husbandry Expert of the Imperial Coun-
cil of Agricultaral Research. 1le should, of course, have had experi-
enee in this type of work and it is cssential that he should also have
the eenfidence of the Hindu eommunity.

Throughout this Report I have made frequent reference to the
exeellent work carried out by the Military Dairy Farms. There are
33 such farms in India, with an adult eattle
population: of over 5,000 head. The work of
these farms is charaeterised by the most care-
ful supervision of breeding, feeding and management. The general
poliey of the farms has, however, been to rely on cross-breeding with
European stock to improve the milk yields of Indian eattle. Tt is
probably true that sueh cross-bred stoek are particularly suited 1o
meet the speeial requirements of the army authorities, which inelude
the provision of large quantities of milk for liquid econsumption at
military centres. Tt is, however, unfortunate that this prevents the
Military Dairy Farms from playing any part in the improvement of
the milking stoek of the country. Complaints have indeed been
made in the past that the sale of cross-bred animals from such farms
has led to deterioration in the gualitv of loeal stock. At one
farm(12), however, the policy of improving the milk yields of Indian
cattle by the selection and breeding of liigh milking strains has been
outstandingly sueeessful, and the stock from this farm is, T under-
stand, in great demand by progressive breeders. In view of the
unique opportunities which are available at Military Dairy Farms
to undertake controlled breeding, I feel strongly that the possibility
of undertaking similar breeding work at all such farms should be
serioustv considered.

Militery Dairy
Farms.

']

f11) According to one authority the figure shonld be very much higher than
that quoted, namely about 18 erores of rupees.

This would, however, correspond to a yearly per capita contribution uof
¢ annas, which is the maximum contribution noted in Table 44, It is extremcly
unlikely that this figure conld he taken as representative of Indin as a whole,

(12) Ferozepore.
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1 have already suggested that district and demonstration farms
ghould, as far as possible, be used as centres for the experimental
production of fodder erops, particularly in
connexion with the investigation of ‘ mixed-
farming ’ systems. This would entail the run-
ning of a small dairy herd at each farm, There are over 150 such
farms throughout India, and the establishment of small pedigree herds
at each farm would provide valuable nuclei for the breeding and
distribution of improved milking stock in the provinces,

These three agencies alone, namely, gowshalas and pinjrapoles,
the Military Dairy Farms, and distriet and demonstration farms,
would probably add 400 to 500 breeding centres to those at present
available for the produection and distribution of pedigree milking
stock. Their use in this connexion would, I believe, prove invaluable
as a means of raising the general level of milk produetion among
Indian cattle. ‘

In order to make full use of such breeding centres, it is, how-
ever, essential to devise a suitable system for the registration of
pedigree stock. The opening of herd books
w1l the establishment of a system of milk
records has been referred to in Chapter 1X,
where it is stated that the characteristics of six milking breeds have
already been defined. In view of the importance of this scheme in
stimulating interest in the breeding of milking stock, I consider that
it should be proceeded with as quickly as possible. The approval
and registration of stock, the recording of milk yields and the general
supervision of the seheme in the provinees should obviously fall
within the duties of the Provincial Live Stock Experts. It is, how-
ever, essential that a register of stock and of milk records should Le

. kept centrally. The Roval Commission on Agriculture recom-
mended {13) that this part of the work should be undertaken by the
Imperial Council of Agricultural Research, a recommendation which
T strongly endorse. The Council stands in a unigue position in rela-
tion to the provinees. It has, morcover, been largely responsible
throngh its Catile Breeding Committee for the present development
of the scheme. The existence of such a clearing house of informa-
tion regarding the available milking breeds of the country should
prove to be of great valne in shapimg future policy as well as in pro-
viding a record of the loeation and milking eapacity of the best dairy
ing stoek of India.

There is one further point in connexion with live-stock improve-
ment which requires emphasis. I refer to the need for providing a

™ eion op  TOOTE adeguate supply of fodder for cattle, T

mcre:ae;rr:uﬁ;loies 2r have already stressed the great importance of
fodder. inereasing the quantity and improving the

‘ guality of such fodder partienlarly in the
feeding of milch cattle. A proposa]l has recently been put forward
that each province shonld constitute a grazing and fodder committee ’
(linked up with a sub-committee of the Imperial Couneil) in order’
to develop the fodder resources of the country. T strongly support

H36ICAR FeAN T.. _m . naa

District and demon-
stration farms.

The opening of herd
books.
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this proposal. The consequent pooling of the ideas and experiences
of the various officials in each provinee should ensure that full use
is made of all possible means of increasing the supply of fodder. I
feel, however, that it will be necessary to go a step further in this
direction, namely, to appoint an officer in each provinee who can act
as a fodder specialist. The activities of a commitiee are deliberativa
rather than executive, and I feel that a committee’s efforts might be
largely abortive unless there is available a specialist officer who can
initiate sehemes of development and carry out the various recom-
mendations of the committee. I have been much impressed with the
value of the work carried out by Provinecial Live-Stock Experts, and
T believe that a parallel service which would be coneerned with the
provision of adequate grazing and fodder resources would prove to
be of real service in improving the condition of India's live stock®.

*The Central Fodder and Grazing Committee to be estabiished by the
Irmperial Council of Agrieultural Research as a result of the recent recommenda-
tivn of the Board of Agrienlture and Amnimal Husbandry may rteach the
conclusion that a central specialist officer is alsp necessary.
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SUMMARY OF PRINCIPAL CONCLUSIONS AND
RECOMMENDATIONS.

Chapter 1.

1. The total output of milk in India is exceptionally large, being
between 700 and 800 million maunds or 5,500 and 6,500 million
gallons per year. Compared with other countries, India stands
second in volume of milk production. She produces over four times
the output of Great Britain, over five iimes that of Denmark, over
gix times that of Australia and over seven times that of New Zealand.

2. Owing to the density of India’s human population the per
capita eonsumption of milk is, however, extremely low. KEstimatcs
indicate that the average consumption per head per day does not
exceed 7 to 8 oz.

3. According to existing dietary standards the quantity of milk
required for the maintenance of satisfactory growth and health lies
between 15 and 30 oz. per head daily. The output of milk in India
would therefore need to be at least doubled in order to meet even the
minimum requirement.

4. The eonsumption of milk i shown to vary according to in-
come level. If consumption is to be increased it is essential that the
price of milk should be within the purchasing power of the majority
of the population. It is therefore not only necessary to increase the
existing output of milk, but to effect all possible economies in the
costs of production of milk and the manufacture of milk products.

Chapter II.

5. In planning the development of the dairy industry it is essen-
tial to ensure that it caters for the existing taste and dietary habits
of the population. Marketing surveys show that, of the total output
of milk, roughly one-third is consumed as liguid wmilk. Of ihe
remainder over 76 per cent. i8 converted into ghee and over 22 per
cent. into khoa, dehi and other indigenous products. Western pro.
ducts such as ereamery butter and cheese are searcely used except
by Europeans and a small number of Indians who have aequired a
taste for them.

6. The relative unimportance of Western produets is also appa-
rent from an examination of the quantity of milk produets imported
into India. These represent less than half of I per cent. of the total
value of the milk produets produced in India. An inerease in the
value of ghee by only 1 per cent. would add more to the wealth of the
dairy industrv than the replacement of the whole of the imported
milk products by Indian produced articles.

7. There is little doubt that the evolution of the indigenous miik
products whiech are peculiar to India (ie., ghee, khoa, dahi, and
related products) has been largely due t¢ the fundamental diffientties
involved in handling milk under tropical conditions and to the special
problems associated with the lack of adequate communications and
transport facilities.

x2
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8. The fact that 90 per cent. of the population live in rural
areas introduces a further obstacle to the introduetion of Western
methods intoe Indian dairying practice. In particular it appears
that the widespread adoption of a large-scale factory system of dairy-
ing in India would involve almost insuperable difficuities.

9. These facts indieate that what is needed in Indian dairying
is a new outlook and a new technique ; an outlook which recognises
the speeial nature of India's problems, and & technigue whieh 1is
designed to solve these problems,

10. Among the more important considerations which should be
taken into aceount in the formulation of such a technique the follow-
ing may be mentioned : first, attention should be concentrated on the
production of indigenous milk produets and not on products of West-
ern origin ; second, steps should be taken to ensure that an adequate
supply of milk and|or milk products is available for consumption
by the rural population ; third, any attempt to introduce improved
methods should ve effected by evolutionary rather than revolutionary
changes of technigue ; fourth, the combination of produeers on a vil-
lage industry basis (as distinet from a factory basis) should prove
the most effeetive form of dairy organisation in India ; and fifth, any
improvements in preduction should be supplemented by the provision
of improved marketing facilities.

Chapter III.

11. Consideration of the methods of producing and distributing
milk for liguid consumption should not be limited to the supply of
milk to large urban centres, which include only some 3 per cent. of
the population. Nevertheless, in view of the abnormally low milk
eonsumption in large ecities and of certain speeial diffieulties involved
in the provision of adequate supplies of milk in sueh densely popu-
lated areas, a separate section of the present Report has been devoted
to problems connected with eity milk supplies (Appendix 11).

12. As regards the general problems of milk produetion and dis-
tribution, these are partly associated with the lack of knowledze of
hygienic methods of handling milk, and partly with the difficulties
inherent in the tropiecal nature of the climate, the poverty of the
Indian cultivator, and the lack of adequate communications avd
transport facilities.

13. On account of these special difficulties the methods of pro-
ducing and handling milk in India may have to be greatly modifiad
from those employed in temperate zones. Extensive investigations
will require to he carried out on this subject. Such investigations
should not be limited to laboratory studies, but should be tried out in
practice under village econditions.

14, Some form of heat treatment will probably prove the best
and most ecomortical method of prolenging the keeping quality of
milk under tropical conditions. Such treatment should he applied

~ 88 soon as possible after production, Refrigeration also offers great
scope for development in relation to the transport of milk to large
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cities, but the costs involved are considerable and will need to be
greatly reduced if the method is to be capable of widespread adop-
tion.

15. The distribution of milk not only introduces the risk of re-
contamination but offers unlimited opportunity of adulteration. As
regards re-contamination, it is extremely doubtful whether the in-
troduetion of modern Western methods, such as pasteurisation and
bottling, could ever be employed on any considerable scale in India.
For the mass of the population some form of ¢ loose " milk distribution
is inevitable, Tt is suggested that cheap wethods of  loose ’ milk
delivery, such as those largely employed in rural areas in Great
Britain, should be investigated under Indian conditions, and if neees-
sary modified to suit local needs,

16. As regards adulteration, figures collected from provinees
show that from 20 to 65 per cent. of sumples are watered or other-
wise adulterated. Assuming that milk is, on the average, adulterated
- to the extent of 10 per cent. of added water, the finaneial loss to ithe
dairy industry amounts to over 10 crores of rupees. Legislation
exists for checking adulteration, but this is not applied effectively.

17. A second essential in checking adulteration is the formulation
of reliable methods of analysis and satisfaetory standards of purity,
As regards methods of analysis, it is recommended that standardised
apparatus should be employed and that revised conversion tables
should be worked out. Afs regards standards of purity, extensive in-
vestigation is still required to enable the fairness of existing standards
to be assessed. It is also suggested that the feasibility of allowing
the ¢ standardisation ’ or ¢ toning ’ of milk should be considered,

Chapter IV,

18. There is no doubt that the produetion of ghee must be looked
upon as the most important single factor in any scheme of develop-
ment of the dairy industry. This product is of special value in
Indian dairying economy, sinee it not only provides the eultivator
with a cash sale, but leaves with him the greater and more valuable
part of the milk, 1.e., the non-fatty solids contained in the lassi or
butter-milk. This also applies to the production of ¢ country * butter.

19. The first direction in which improvement might be effected
in the production of ghee is in the total ontturn. But it is equally
essentlal that quality should not be sacrificed in efforts to obtain higher
vields of ghee. The whole subject of ihe relationship of out-turn
to quality of ghee requires thorough investigation.

20. Figures eollected from provinces show that up to 65 per cent
of the samples of ghee which were examined were adulterated. A
caleulation of the total quantities of adulterants available in India
indicates that these amount to roughly 6 per cent. of the total out-
put of ghee. It is fourfd, however, that there is a difference of opinion
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‘among authorities regarding the analytical standards for the detec-
tion of adulteration. These require re-investigation. In addition it
is most desirable that a cheaper and quicker method for detecting
adulteration should be devised.

21. 1t is sugpested that the difficulties invelved in the sale of
banaspetine under the term (vegetable) glee could be met by the
adoption of legislation similar to that which governs the sale of mar-
garine in Great Britain.

22. Tt is urgently necessary that facilities should be provided for
the improved marketing of ghee. Additional markets should be
established in those ghee-producing areas which are mnot at present
adequately provided for. In addition, an attempt should be made to
establish grading centres, preferably under the Agricultural Produee
(Grading and Marking) Act, 1937. The value of advertiscment as
a means of popularising improved grades of ghee should be explered.

23, ¢ Creamery " butter constitutes only about 0.1 per cent, of
the total output of milk produets in India. There are, however, indi-
cations that the demand for such butter is increasing and the needs
of this branch of the dairy industry should not therefore be entirely
neglected. The mpst important direction In  which Improvement
should be sought is in the gquality (flavour and texture) of the pro-
duet.

Chapter V.

24 Apart from liquid milk and ghee the most important dairy
produets produced in India are khon, dehi and certain other indi-
genous milk products, The quantity of milk utilised in their manu-
facture approximates 95 million maunds (760 million gallons), which
is more than iwice that ntilised for the whole of the pradunction of
mannfacinred milk produets in Great Britain. It is also sienificant
te find that the ndigenous Tndian milk produets realise more per
maund of milk than liguid milk itself. ‘This is contrary to the experi-
ence of practically all Western countries, but  re-emphasises  the
importanee of these produets to the Indian dairy industry.

25. Certain of these products arc manufactured by a process of
partial desiecation, while others are produeced by the souring of the
milk. The processes nf manufacture are, however, primitive and
erude, and ureently call for improvement. Attention shounld be given
to better methods of paeking and marketing and fo the provision of
standards of qualitv. It 1s also sugeested that the manufacture of
indigenous milk produets mizht provide a useful outlet for separated
milk. where this is available.

26. Tt is desirable that the nutritive value of the varions indi-
genous milk produets shonld be carefully investigated in view of
their widespread consumption,

27. The production of cheese in Tndia is negligible, and imports
of cheese are equivalent to only 0.002 per cent. of India’s tntal milk
production. Nevertheless the manufacture of European varieties of
cheese (tn replace imports) might be encouraged at h111 stations
{ Appendix T1T).
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Chapter VI

28. The amount of separated milk produced in India is small
and little if any of it is wasted. A considerable quantity is, how.
ever, made into casein ; and this is lost as a source of nutriment
The question arises as to whether it ‘would be justifiable to attemp
to establish milk econdensing and drying factories.

29, The present market for condensed milk in India is relatively
small. There is a considerable market in South and East Africa,
in Malaya, and in other Far-Eastern countries, but the possibility,
of building up an export trade from India is open to considerable
doubt. Very little milk powder is consumed in India, but there ig
some indication that the market for this product might be expanded.
Consideration of a number of relevant factors indicates that the
feasibility of establishing condensing and drying factories in Indiae
would depend largely on whether the requisite quantities of mitk
could be eollected at convenient eentres, and whether such milk would
be of sufficiently good quality to be capable of conversion into con-
densed milk and milk powder.

Chapter VII

30. India possesses the largest number of cattle of any country
in the world. Out of the world’s cattle population of about 690 mil
lion animals, 215 million (or just under one-third) are located ir
India. Owing to adverse climatic and economic conditions the pro-
duetive value of the cattle industry is not commensurate with itg
size. Nevertheless the actual and potential value of cattle produects
is very great.

31. Milk and milk products muay be valued at about 300 crores
of rupees. This is roughly eguivalent to the value of India’s total
output of rice, and js three to four times the value of the output of
wheat., TIndia is also the largest exporter of hides and skins in the
British Empire, her yearly output of this group of preducts being
valued at roughly 40 crores of rupees, or more than the valne of the
total Tndian production of sugar. Cattle lahoir also represents an
important eontribution of live-stock to Tndian agrieulture, the mone-
tary value ecalenlated on the basts of enltivation costs being estimated
at between 300 and 500 crores of runees.

32. The value of cattle as a means of raising the fertility of the
s0il eannot be readily compnted. One estimate plaees the eash valua
of cattle manure at 270 erores of rupees. There is no donbt that
the widespread adoption of ‘ composting 7 would greatly enhance the
value of this manure. But the potential value of cattle as a meang
of introducing a ‘ mixed-farming ’ svstem in India., and thus of
improving crop yields, is incalentable. In anv such systrm of
¢ mixed-farming * the introduetion of leguminous fodder crops would
still further inereasc soil fertility, while the improvement in  crop
yields would off-set any apparent increase in the eost of milk pro-
duetion. ’
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Chapter VILL

33. Comparatively slow progress is being made in the distribu-
tion of pedigree and approved bulls ; the number of bulls at present
at stud represents only one per cent. of India’s requirement. There
is little doubt that matierial progress will only be achieved by increas-
ing the number of approved and registered stock raised in villages
and by private breeders. The purchase of such bulls for distriba-
tion provides a most valuable stimulus to improved eattle-breeding in
selected areas and gives encouragement to progressive breeders. At
the same time it is essential that ¢ type ' should be preserved within
each breed, and this will necessitate the continued maintenance of
Government breeding farms where the methods of breeding can be
more accurately controlled.

34. Tt is difficult to assess the value of the present castration
policy in eliminating the serub bull. Progress in the number of cas-
trations performed varies from provinee to provinece. There is still
considerable difficulty in getting young stock castrated at a sufficiently
early age. One direction in which future action should be concen-
trated is the intensifieation of castration measures in selected breed-
ing areas, combined, if possible, with the inoculation of all local stock
against rinderpest,

Ohapter IX.

35. There is probably no single measure which would do more
towards inereasing and cheapening milk production in India than
an improvement in the milk yields of Indian cattle. At present
the yields of village cattle average only about 600 lb. per year. An
increase in yield would lower the cost of milk produetion by spread-
ing maintenance eosts and ecosts of depreeiation and labour over a
larger output of milk,

36. In formulating breeding policies two essentials must be
kept in mind : first, the necessity for adopting a policy which will
meet local requirements ; and second, the need for continuity in
the programme of breeding and the urgency of ensuring that the
programme is not prematurely interrupted.

37. Certain breeders have tended to rely on cross-breeding with
sires of high-yielding European breeds to raise the productivity of
their stoeck. The immediate beneficial results of suech cross-hreeding
on milk yield are striking, but they have invariably been obtained in
herds where exeeptional facilities for the control of breeding, as well
as of feeding and general management, have been available. In the
hands of gowalas and similar uneducated owners of milking stock the
results have frequently been disastrous. There is no doubt that the
general adoption of a policy of cross-breeding to improve the milk
yields of country stock would be fatal to the development of sound
dairying in India. :

38. Breeding experiments carried out at Various centres show
that by careful selection indigenous strains of Indian cattle can be
built up which are capable of giving milk yields .comparable with
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those found among average European stock. It is essential that
the breeding of high yielding strains should be greatly extended.
In order to encourage such breeding the establishment of herd-books
and of a system of milk record should be proceeded with as soon as
possible.

1 39, There is no doubt that she-buffaloes must be looked upon as
the premier milk-produeing stock in India. Their growing popularity
is refleeted in the census statistics, while marketing surveys indicate
that they already provide nearly half of India’s total milk supply.

40, With intensive milk production there is inevitably a constant
rivalry between constitution and economic performance. Manage-
ment is therefore an extremely important factor, particularly under
the exaeting conditions of climate experienced in the Indian plains.
The relation of management to the maintenance of a sound constitu-
tion should be looked upon as one of the major subjects for investiga-
tion in connexion with the breeding of improved stock.

Chapter X,

41. The majority of Indian milch cattle are sericusly underfed.
This is apparent not only from a superficial ingpection of stock, but
from the slow rate of growth, the late maturity and the long dry
periods of cattle kept under village conditions.

42, Estimates of the total quantities of nutrients available for
the feeding of cattle in India show a marked deficieney, especially in
the amount of protein. If milk production is to be increased the
provigion of a very much larger food supply is essential.

43. Coarse fodders are relatively valueless for milk produection.
Cultivated grasses are reasonably satisfactory, but the fodders of
outstanding value are the leguminous crops such as berseem (Egyptian
clover) and lueerne (alfalfa). It has already been noted that these
are of special importance to Indian agriculture by virtue of their
ability to enhance the fertility of the soil. Wide variations in the
yields and, costs of production of these fodder crops have, however,
been recorded. Careful and extensive investigations into the factors
responsible for these variations are urgently needed. Such investiga-
tions should inelude a study of the effect of the leguminous erops on
the subsequent growth of cash and food erops. They should also
include a study of the value of different fodders in the feeding of
wilking stock and on the costs of milk production. The conservation
of such fodder erops also requires investigation.

44. Efforts should be made to increase the available supply of
protein-rich concentrates such as linseed, cottonseed and earth-nut
cakes. 'This m1ght be achle\ed by encouraging the export of vege-
table oils and by improving the efficiency of the mills,

45. It appears to be a fairly universal experience that Western
rationing systeins are not suitable for application to Indian cattle and
buffaloes, It is therefore desirable that a suitable system of ration-

ing should be devised for the guidance of milch cattle owners. - In
; .
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addition it will be necessary to obtain representative analytical figures
of typical feeding stuffs for as many agricultural areas as possible.

46. During the past few years instances of iineral and vitamin
deficiency diseases have been recorded in Indiz. There is little doubt
that such deficiencies are far more common than has been generally
supposed, and that they are a source of serious economic loss. It is
desirable that extensive surveys of the incidence of such deficiency
diseases should be undertaken, and that the information so obtained
should be supplemented by accurate studies of mineral requirements
and by mineral analyses of fodders drawn from typical eattle breeding
and milk producing areas.

Chapter XI.

47. In order to provide an adequately staffed and equipped
centre for research into the many problems which face the dairy
industry, it is recominended that the existing Imperial Dairy Institute
should be transferred to a more suitable site and should be reconsti-
tuted as an lmperial Dairy Research Institute. Under the Director
the work of the Institute would be divided into four sections, namely,
dairy bacteriology, dairy chemistry, dairy tfechnology and dairy
husbandry. Details are given regarding the buildings, equipment
and staff reguired for such an institute.

48. If such an institute is established, the need for a separate
experimental ereamery (such as that proposed at Anand) will not
arise. The Anand Creamery would, however, provide an ideal sub-
station for the study of problemns involved in the supply of milk to
large cities, should such a sub-station ultimately be required. It is
sugeested that the whole of the Anand (reamery proposals should be
held over meantime until the new Research TInstitute has been estab-
lished and preliminary experiments have been carried out on the
various problems involved in dealing with liquid milk.

49. Side by side with the development of the new Research Insti-
tute, efforts should be made to encourage the investigation of dairying
problemy at provineial agrieultural eolleges. The Imperial Couneil
of Agricultural Research might give valuable assistance irf this diree-
tion

50. The course for the Indian Dairy Diploma provides a valuable
basis of instruetion for studenis who desire general training in dairy-
ing. The proposal to extend the peried of instruetion from two to
three vears is shown to be unnecessary, though certain alterations in
the svllabus are desirable. Tn particular. more stress should be laid
on the methods of produetion of indigenous milk produets, on the
peed for devising elicap types of equipment, and on improvement
in the methods of producing milk and milk products by cooperative
ecterprise and by the development of village industries. The course

should also include practical training in methods of imparting
instruction.

o1, Training for the I. D. D. should be given at provineial agri-
cultural colleges and not at the central institute. Tt is doubtful,
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however, whether such training could at present be satisfactorily
arranged in all provinces. It is therefore suggested that the number
of centres should meantime be limited. The transfer of instruetion
would necessitate the provision of eertain safeguards, including the
adoption of a uniform syllabus and of a reasonable degree of uni-
formity in the methods of instruction at all centres and the esiab-
lishinent of a central examining board. The appointment of a
special eommittee under the Imperial Council of Agricultural Research
iz recommended.

52. As regards post graduate training, the course for the
National Diploma in Dairying of Great Britain is entirely unsuit-
able for Indian students. For gradunates who require training in®
technical dairying, the I. D. D. course provides adeyuate instrue-
tion. For graduates who reguire training in research methods faei- -
lities should be provided at the Lmperial Dairy Research Institute.
Opportunity should also be taken to encourage such graduates to
gain further experience by studying at recognised research labora-
tories abroad. ¥For this purpose scholarships might be provided
by the Imperial Council of Agrieultural Research.

53. If improved methods for the produection and handling of
milk and the manufacture of milk products are to be made use of
in the villages, it will be essential to have available a large nomber
of workers trained in certain etementary dairying practices. Courses
of training for such workers shouid be provided at provineial agrieul-
tural colleges. 1t is recornmended that serious consideration be given.
to the provision of dairy training for women.

54. It ig desirable that dairying instruetion at veterinary colleges
should be extended to inelude a knowledge of elementary dairying and
of the prineiples invoived in the production and handling of milk,
including the management of a dairy herd.

55. Tt is strongly recommended that provineial governments
should take the neecessary steps to establish an advisory service for
the dairy industry. As a first step it is suggested thiat a Dairy
Development Officer should be appointed in each provinee, The
major duty of such an officer wounld be to initiate dairying develop-
nents and to take the lead in encouraging the adoption of itnproved
methods. The Dairy Development Officer should work under a
speeial comnittee representative of the various branches of govern-
ment aetivity concerned.

36. In order to seeure co-ordination between the central and
provineial governments, it is recommended that the Director of the
Imyperial Dairy Rescareh Institute should aect as part-time Dairy
Expert to the Imperial Council of Agricultural Research. and that
in this capacity he should be responsible for maintaining contaet
with provincial dairy developments. He should be provided with
a special officer who could relieve him of much of the detailed work
involved and who could act as a personal liaison officer between the
centre and the provinces.
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Chapter XII,

57. The solution of problems connected with the breeding of
cattle requires the appointment of an animnal genetieist. Work in
this field would inciude the investigation of problems of inheritance,
of problems imvolving a study of the physiology of reproduction
(including endocrinology), and of problems connected with manage-
ment and constitution. In the investigation of problems of inherit-
ance full use should be made of records available at the various Gov-
ernment breeding farms,

38. Greater use should be made of existing experimental and
demonstration farms (of which there are some 200 in India) in
studying problems of fodder production. Sueh farms should be
equipped with small herds of pedigree mileh cattle. They could
thus fulfil a dual funection by acting as centres for the study of
* mixed-farming > methods and by providing valuable nuclei for the
breeding and distribution of pedigree milking stock.

59. In devising a rationing system suitable for Indian cattle
and buffaloes, full use should be made of existing provincial research
centres (2.e., Lyallpur, Daceca and Coimbatore) as well as of the
newly established Animal Nutrition Section of the Imperial Veteri-
nary Hegearch Institute at Izatnagar. A provisional allocation of
work is suggested in the Report. The Imperial Agricultural Research
Institute at New Delhi should undertake such comprehensive fodder
and feeding stuffs analyses as are required.

60. As regards mineral and vitamin deficiency discases, the
Disease Investigation Officers who have been appointed in each
provinee through the Imperial Council of Agricultural Research
should be responsible for field surveys, while facilities should be
provided at the Nutrition Seetion at Izatnagar for the mineral
analyses of suspected pastures.

61. Adequate facilities for instruction in breeding and live
stock management are available at most provincial agricultural
colleges, At veterinary ecolleges, however, facilities for practical
instruction are lacking. It is recommended that, as a minimum,
each veterinary ecollege should possess a small herd of milking cows,
with aceompanying bulls and young stock, and sufficient land to
ﬁenéonstrate agricultural operations and to produce fodder for the

erd.

62. There is urgent need for securing suitable men who can
be specially trained in eattle breeding and management. The
potentialities of a student for live stock work will usually become
apparent during his college course, and every effort should be
made to pick out such a man for further training. This training
should include experience on an approved cattle breeding farm
:_nd an advaneed course in animal husbandry at a central imnstitu-
ion.

63. In connexion with the ultimate establishment of a Geneties
Section at Izatnagar a small number of trained geneticists will be



133

required. It is suggested that the Imperial Council of Agrieultural
Research should consider establishing one or two special scholar-
ships to epable promising post-graduates to obtain the necessary
research training overseas.

64. The effective dissemination of knowledge acquired at
research centres, as well as the control of breeding and live stock
improvement, will ultimately depend on the employment of a large
staif of trained men who can work among cultivators in the villages.
For such * stockmen ’ it is desirable that special elementary courses
of instruetion should be instituted.

65. It is strongly recommended that, in the interests of both
efficieney and economy, live stock improvement and veterinary work
should be unified under a single department of animal husbandry.
It is recognised that for loecal and personal reasons immediate
unification may not be desirable or possible in all provinces. But
it is suggested that unification should be looked upon as the ultimate
goal.

66. 1f unification is adopted, it will be essential for the
Director of the unified department to have on his staff a Live Stock
Expert with speeial knowledge and experience of cattle breeding.
It will also be essential to ensure close cooperation with the Depart-
ment of Agriculture. This would be facilitated by the appoint-
ment of a Fodder Specialist, who would normally work in close
touch with the Live Stock Expert.

67. Further ecattle improvement cannot be effected without
increased expenditure, whether the control of such improvement
is under the agricultural department or is unified with the veteri-
nary department. Existing fizures show clearly that the extent of
live stock improvement in the different provinees runs roughly
parailel with cxpenditure. The unification of animal Lusbandry
and veierinary work should not therefore be looked upon as a means
of reducing expenditure on ecattle improvement : rather is it a
means of making the best use of any funds available for live stock
improvement and of ensuring that such improvement is effected
under the most favourable conditions.

68. The present measures which are designed to improve the
general standard of Indian cattle are largely concerned with
draught breeds. Every effort should be made to augment the
number of agencies which can be used for developing the milking
potentialities of indigenous Indian breeds of cattle. Such agencies
should inciude the Military Dairy Farms, distriet and demonstra-
tion farms, and gowshalas and pinjrapoles. It is supgested that a
special officer should be appointed under the Imperial Council of
Agricultural Rescarch whose duties would include the stimulation
of interest in milech eattle breeding at various ecentres and the
giving of expert advice to gowshalas and pinjrepoles which desire
to improve their methods of management and to adopt a construcuve
" breeding policy.

y
1
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69. In order to maintain close cocperation between all depart-
inents concerned with rural development, it is suggested that a Board
of Rural Development should be constituted in each provinee. This
Board would include the directors of the departments of agriculture,
forestry, veterinary services and publie health, a representative of
the irrigation and revenune departments, and the Registrar of Co-
operative Societies. Specialist officers would attend the meetings of
the Board. The Chairman would be a non-technical officer of the
rank of Commissioner and with a speecial knowledge of and interest
in rural conditions. The Board would act solely as a coordinating
and advisory body, but would be in a position to make direct repre-
sentations to the responsible minister in repard to any controversial
matters (Appendix VI).
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APPENDIX I —Terms of Reference for the Expert Scientific Adviser
(Dairying).

1. In view of the economie importance and value to general agricul-
tural development of improved produetion and handling of milk and wilk
products, keeping in view the requirements of ecattle for agriculture, to
advise as to the lines to be followed in order to secure (a) inercased and
more economical produetion, and (b) improved ¢ollection handling snd
disposal of milk and milk produets.

2. To advise as to the main lines of research which require to he taken
up in relation to (&e the composition awd physteal properties ol the
various milks available in India, (b} the induostrial proeessing of such
milks, and (¢} the manefacture of by-products,

3. To advise as to what faeilities shoultl he provided by Government
for tebtmg new plants and machinery, in vrder to take advantage of recent
advances i dairy sciehee,

4. To advise as to what additional technical and secientific staff and
facilities are required for the above pnrposes.

5. To advise on the policy to be followed regarding research schenes
now in operation, and whick of them should be renewed at the end of
their term.

6. To eomment on the present working of individual research schemes
{or groups of schemes) and to suggest improvements.

7. To report how far dissemination of scientific and teechnieal informa.
tion, not only in regard to research hui also in regard to anmal hushandry
matters in pencral with speeial reference to (laln seience, is being qpphpd
in practice and to advise what further steps are desirable for more exien-
sive and speedier application. .

HIGICAR
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APPENDIX II—Special Considerations relating to City Milk Supplies,

Relercnee has already been made to the small proportion of India’s
population who reside in eities. 1t may be asstined that the special diffi-
eullics associated with city milk suppiies ouly arise in urban centres with
populations execeding 100,000, Less than $ per cent. of the population of
Inuis live in eities of tins size. Deiween 1921 and 1931 the number of
such eities only increased by three {numely, from 355 to 38}, "while the
popuiation inerveased by 18 per cent. in comparison the population of
towns of 5,000 to 100,000 inereased by 30 per cent. and of towns of
20,000 to 50,000 by 36 per eent,

Nevertheless the sapply of milk to large cities justifies speeial eon-
sideration by viriue of two Tacts @ fivs, because the per capile consumption
of milk is partienlurly low in such ecities ; and second, because ceriain
special diffieulties are involved in the provision of adeguate supplies of
milk in densely populated areas. The problems involved are, however,
somewhat diffieult to discuss, sinee conditions of production and distriba-
tion vary markedly at different centres. This faet is illustrated in Table
45 (1), 1t will be seen, for instunce, that only 5 per cent. of the Hyder-
ahad milk supply is drawn from arcas situated more than 5 miles ‘from
the muuicipality, while nearly 40 per cent, of the Lahore supply ecomes
from speh areas. The remaining eitics show intermediate figures. Again
in Madras and Bangulore most of the milk is sold through milk vendors
and there awe few milk shops. In IHyderabad and Tahore the position
is reversed, most of the milk being disposed of throuzh milk shops. Other
differences are assoeiated with loeal eonditions of collection and transport.
Thus the lack of railway and road facilities in the country distriets out-
side Caleutla makes the collcetion and transport of milk from outlying
areas peculiarly difficuit. Under these civenmstances it is  ohviously
impossible to make any detailed reeommendsaiions regarding the supply of
mwilk to individual eitics. There are, however, certain general problems
which are eommon to all urban centres. I propose to deal with these in
the present Appendix.

One feature which is shown in Table 45 to be characteristic of all the
eities is the large eattle population whieh is housed within the munieipal
boundaries. This is, of eourse, undesirable on hygienie grounds alone.
But there is a more fundamental ohjection to the kousing of cattle in
urban areas. The production of milk under such conditions is exiremely
expensive. Rents are high, the cost of accommodation for ecattle in
Bombay heing as much as Rs. 10 per head per month. The cost of fe-d-
ing stuffs is also inevitably high, since these have to he transported into
the cities from rural areas. Again the depreciation of stock is very con-
siderable. In most eities the practice is adopted of purchasing eattle in
full milk and disposing of them (usually to slaughter houses) as soon as
the milk vield becomes nneeconomie. In  Bombay alone some 16,900
buffzloes are slaughtered eaeh vear(®). 1t is obvious that under snch
eonditions milk eannot be produeed cheaply.

In Western countries the tendeney hag been for eity stahles fo be
eliminated as a result of economic pressure. In Edinhnrgh, for example,
the eattle ponulation within the eity honndaries has fallen from 4.300 in
1925 to roughly 1.600 in 1936,~—a reduction of nearly two-thirds in only
twelve vears. It is stated that ‘¢ economic faetors are slowly obl terating
the city stahles...... The enst and difficulty of ohtaining lahour, the high

(1) Information eollected from municipﬁlitiéﬂ.
(23 A. Olver ‘¢ Bulvage of Dry Cows from City Dairies ’% 8ccond Amimal
Husbandry Wing Mecting, Madras (1936). .
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veals and high rates, the cost of trunsporting feeding stufls from the
countyy, and stil more the competition of (e wmore ciheaply produced
couutry milk whieh is rendered possible by modern transport, are the caief
factors contributing to anake tue produchion of mitk within the elty
boundaries unprefitabie '’'(¥). 1f this statcment is igue for Weslemn
countries, why dees it not upply egually to conditions in lndian eit:es ¥
The answer is, 1 believe, two-told. In the first pluce India lacks facilities
for transporting milk from counlry disteiets o urban areas. Mk eunm
be purchased in villages at 6 to 9 pies per b, In eities 1t is sold at 18 to
34 pies per (1), an increase in price of JU0 to dul per cent. In che
second place the lack of adeguate control of adulteration permits the dis-
honest eity milk producer to water his milk, and tirus to compensate for
his higher costs of milk production. Tnese two faets are undoubredly
respousible for the major diffieulties associated with the supply of cheap
ik to Indian eities, In order to overcome these diffieulties action by
beth provineial governments and municipalities will be necessary.

The action of provineial governments skould be mainly eonecrned
with the provision orf land and transport, and if necessaury of facilities
for the colicetion of milk prodoced in rural areas.  As regards land, it will,
1 believe, be useless fo estabiish new dairy farming enterprises so long
as cattle are kept in the existing city stables(3). But by offering suilable
land to the owners of such mileh cattle it should be puassible to
persuade them to transfer their stock from eity stables to rural areas,
where milk can be produced under more economic conditions(%). At the
same time it would, of eourse, be essential to imake adeguate provision for
cither rvad or rail tramsport inte the eities. Tliis might be achiaved by
arranging for concession rates on milk ecarried by rail, by ecstablishing
suitable sidings af selected points, by arranging for special milk trains te
be run at convenient hours, and if necessary by arranging some suitable
form of road transport. It might, too, be neeessary to crganise eollecting
depots in eountry distriets, particularly where it is desired to use village
milk for transpori to cities. Careful investigation of methods of process-
mg and refrigeration (as outlined in Chapter IT1) weuld, however, have
to precede the establishment of such collecting depots.

These coneessions sheuld not be granted by provineis! governments
unless an assurance is given that milk prodnetion will be earried ount by
approved methods and nuder Liyiive vonditions, the provineial govern-
ment to have rights of entry and inspeetion at all times. It was pointed
out in & report on thiz subject(?}) that the mere transfer of milk preduc-
tion from eity stables to outlyving aveas might do more harm than good,
since the munieipalities would no longer be able to supervise the eondi-
tions of housing and management of the vattle,  An arreneement by which
the recutsite conivol conld he escreised Dy rravineial authoribies would
avoid this danger. T shonld mention. too, the need for selecting land mn
rural arcas which are snfficiently far vemoved from the eity boundaries.
Owing to the relafivaly cavid oeosth in citv poc viations. these bovndaries
are heing continvally exterded, and rnral areas are quicklv urhnnised.

(&) P'c‘r;})}av]ﬁco'm_m-un‘.catio-n- ) from the Mediml?ﬂicer of Healih for
Edinburgh,

(%) Figures obtained from Provincial Governmeny Reports.

{5) An important point in this connexion is tha* owners of eattle which
are at prescut housed in city stobles have an nssired market for their milk.

{8) This is the principle adopted in the scheme sponsored by the Govoern-
ment of Bombay for the transfor of crttle at nresent in eity stables io good -
farming land at Palghar, som~ 50 miles frop the city,

{¥; Dr. 1. . Mann. Report oo the Milk Supply of Bombay.

12
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this was, for example, partieularly noticeable in the raral areas aroutid
Bombay, which were being rapidly absorbed into the suburban districts.
It would obviously be a short-sighted policy to establish dairying enter-
prises in such districts.

Turning next to the action which should be taken by munieipalities, 1
consider that this might be along three lines, In the first place it will
be essential, if milk is to be supplied from rural aveas, to exercise proper
control over that produced within the city so that country milk is not
placed at a disadvantage through having to compete with adulierated
milk. Such control should also inelude the adequate inspection and licens-
ing of premises within the eity and the supervision of methods of produe-
tion. As regards aduiteration, it is, I believe, essential that an efficient
system of licensing should be introduced in order to facilitate the identi-
fication of offenders{8). In the second place it is desirable that munieci-
palities should provide suitable accommodation for milk markets. In some
cities (for example, Calcut{a) the wholesale milk market is run under
filthy conditions, and the milk is sold side by side with other perishable-
commodities such as fish, vegetables and fruit. There is eonscquently no
incentive to handle the milk hygienically. The provision of sanitary milk
markets by municipalities would, I believe, be essential if large quantities
of milk were to be brought into ecities from long distances and would also
do mueh to encourage the adoption of better methods of handling this
produet. In the third place municipalities could give active encourage-
ment to the production of milk in rural areas by allocating hospital and
similar contracts to those who produee milk outside the eity boundaries.
In the past the tendency has been for munieipalities to accept milk which
is offered at the cheapest rate, irvespective of its quality. In this matter
I feel strongly that municipalities have a unique opportunity not onlysof
encouraging the adoption of better methods of production bhut of giving
indirect assistanee to those who agree to remove their cattle to rural areas.

As regards the actual processing and distribution of milk in cities, I
have laid down certain principles in Chapter IIT which should provide a
hasis for effecting improvement. I should however stress opme point. It
has been suggested that munieipalities might themsclves undertake the
ranning of milk depots and the distribution of milk. I am definitely
opposed to any such scheme. Such a step could only he justified if it
were found impossible to ensure the provision of a cheap and pure supply
of milk through ordinary commercial channels. It is trane that mitk
retailed in ecities is at present relatively expensive and that mueh of it
is of poor hygicnie quality and frequently adulterated. This is, however,
largely attrihutable to lax administration on the part of municipalities.
Adequate legislation exists for dealing with the abuses found in city stables,
for the hvgienie econtrol of the produetion and handling of milk, and for
the prevention of adulteration. But under present conditions of muni-
cipal administration such legslation is entirely ineffective. Tt is, 1 think,
clear that if municipalities are unable to apply existing legislation effect-
tively, it is useless to anticipate that any greater suceess could be achieved
hy a system involving municipalisation of the milk supply.

{#) At the Second Animal Hushandey Wing Aleeting leld at Madras in
1636 it was suggested that licences to sell milkk shoulid only he given to men of
subziance and that hawkers licences for the sale of milk shenld be diseontinued.
Tor milk eontractors the standard suggested was not less than 200 b, of milk
per day and for bera fide producers 100 th. per day. It was also suggested
that milk vendors should be required to register their servants and provide
thent with badges so that they could be hell responsible n cases of adultera.
tion. I eonsider that these sugpestions offer a most useful basis for a mnoie
efficient licensing system. !
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There is one further point. Schemes for effecting improvement in a
eity milk supply eanuot be formulated without a very thorough survey of
the existing channels of marketing. I only found one instance in which
a really comprehesive inquiry on these lines had been undertaken, namely,
at Lahore(?}. It is essential that similar surveys should be undertaken in
other cities if their milk supplies are to be reorganised on sounder lines.

(?)} B. Lal Anand and A. (. Aggarwala ** The Milk SBupply of Lahore in
1930 *’, Punjab Board of Economic Inquiry, Publication No, 28, 1935. Two
papers by Z. R. Kothavalla have also been published regarding the Bombay
milk supply, bup these do not give adequate details of the existing channels
of marketing, L
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APPENDIX III—Special Considerations relating to Hill Dairying. °

In a pamphlet dealing with the syllabus for the Indien Dairy
Diploma () spectni emphasis is laid on the need for instroetion i hill dairy
forming.  While it is irue that this branch of dairying involves special
problems, it would be a mistzke to over-emphpsise its importance. The
winter population of hill stativng in India only amounts to sowme ©600,000.
The populaiion may be doubled or even trebled(?) in the summer seasozn,
bul even so it consiitutes only ahout 0.5 per cent. of India’s total popula-
tion. Moreover many of those who reside in hill stations arve drawn Iroms
the weslthier elasses, who can afford to pay a faivly high price for their
milk. 1t shoold be,noted, too, that the chimate of hill stations is more
suitable for the handiing of milk than that of the pluins : at Darjeeling,
for example, the mean monthiy temperature seldom exceeds 62°F., whie
at Mussoorie the highest mean monthly temperature recorded is 72°F.(2).

The speeial problems of hill dairy farming are three-fold : first, the
seasonal vaviation in the demand for mitk ; second, the provision of cattle
of a suilable breed Lo withetand the cold elimate and high altitude ; and
third, the supply ot adequate fodder.

As regards the seusonal variations in the demand for milk, this is
inevitable in eentres where the populations show large fluctuations. The
variztion in saies of milk by dairies at two weil-kuown hill stations are
shown 1 Table 4G(*). It will be geen that the summer demand 1s from five
to six times as'high as the winter demund. This faet introduces a ditficult
problem for hill dairies, since if their snmmer production is adeguste to
meet the demand, their winfer produetion is apt to be greatly in execss of
the denwnd. One method of meeting this diffienlty is to alter the size of
the herd aecording to the season.  This policy is, for example, adopted by
ope firm, whe move miteh cattle from the plains to the hill staticns in the
summer months.  An alternative method is to manofaciure the surplus
winter milk into milk produets, There is no doabt that indicenous miik
products eould not he manufactured economically from wmilk produced
under hill conditions, and it is questionable whether even the manufac
ture of high grode ercamery hutter would vield a profit. I believe, how-
sver, that the nroduetion of eheese could he undertaken on a limited scale.
Tt has heen stated in Chanter VI that the market for cheese is verv smnll
But nearly 10.000 ewt. are imported into India each vear fehielly for the
use of the Enrapean populntion) af a tatal value of jJust over Rs. 8 lakhs.
The ennl ¢onditions at hill «ftations are, moreover, faveurahle to rhe we
produetion and storage, which would he extremely diffientt arnder plains
conditions.  Impovted cheere iz valued at Rs. 80 per ewt®, which wonld
give n gross return of 17 fo 18 pies per 1 th. of mitk. I was informed
that mitk eantd he ymrehosed wholesale at hill stations for 10 to 12 pies
rer h. Tt appears therefore that the manufacture of cheese (of Furonean
varietics} might offer a possible ontlet for surplus milk prodneed durime
the winter months, Tt is interesting to note that Jimited quantities of
siteh checse are already suecessfullv produced at certain hill dairies.

(1Y 7. R. Kothavalla. ¢ A Note on the (faurse of Trainine for ‘he
TuMinp Dairy Divloma.””  The statement reads ¢ The factory system of dairying
and Wil dafry farming should form two of the mast important items of fraining
for the Aaire diplomm 77 .

(M The Cenems of Population, 1931 shows, for instanee, that the popula-
tion ot Rinla inereased from 18,144 in the winter season to 52,187 in the summer
RONEOT,

(3} Annual Keporf of the Public Health Cotmmissioner, New Delhi, 1935,

(4) Personn! communjention.

*Calewlated from the avernge deelared vafae as given in the Annual Statet
wents of Seaw-borne Trade of British Indiw.
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The provision of mileh cattle suituble for hill distriets dceés not -
volve any serivus duflicuily. it is found that Euoropean hoecds torive well
usider the temperate vonditions Jf elimate. Indigenous Indian breeds :ve
aiso found in some distriets,—for example the Siri breed in Darjeeling
and the Lohant breed in the North-Woest Frontier Province. European
evoss-breds ave commonly found, but it is stated(?) thar thes is haviegy a
detrimiental eficel on the dranght quohities of loeal stock. Seindi eattie
and huftaloes also appear to thrive weli. I sliould, however, mention toag
in certain areas there is a high ineidence of hamaturia among cattle, which
is & souree of cousiderable loss to owners of stock.

A more difficult problum is the provision of an adequate supply of
fodder for mileh ecattle. It is impossible to generalise on this subject,
owing to the wide variations in climate, elevation and contour at dilferent
hiil stations. At Cooncor and Ootacemund, in the Nilgiri Ilills, the cattle
are able to graze on the rolling down-land which forms the main plateau.
Green crops such as oafs can he grown suecesstully in sueh localities. On
the other hand in the more typical hill stations sueh as Simla and Dar-
Jueling, fodder has to he ohtained from forest arvcas. In these distriets
there is a serious shortage of fodder suitable Yor milking stock und parti-
cularly of grazing land. Cattle owners are therefore encounraged to siali-
feed their stock, the Govermment having, for example, hailt ecattle sheds
at Darjeeling for the pnrpose(®). While eertuin crops sueh as maize ean
be grown, reliance has to be largely placed on the use of local :hrubs and
seramblers for fodder. Efferts are heing made to develop the planting
of fodder trees whieh siand snunual or periodie lopping. Tt is elaimed
that sueh trees produce more leaf fodder than eonld he prodneed £rom the
same area of fodder grasses(%). Experience shows, however, that the
eontrol of such lopping is essential in order to prevent permanent Jamage
through injudicious lopping hy ignorant gnjurs. It s interesting to nole
that, where wneontrolled lopping has been permitted, the deterioration
has been so serions that the local inhabitanis have petitioned $or eoutrol
by the Forest Department or have introduced {heir own methods of contrel
in nrder to eonserve the available supplies of fodder. Tt is clear from
these brief notes that forest departinents are alvendy faking active steps
to augment the supplies of fodder in WM arcas. T eomsider thaf smch
work iz of great value not only in improving the condition of the catile
hut in cheapening and inereasing milk prodaetion.

T {5) F. Cannine, ©° Notes on the Better Utilisation of Forest Aveas lor
Grazing.’? New Delhi, 1036,

(6) . A, Smythies, Conservator of Forests, Western Cirele, U, P. {quoted
by F. Canning). .
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APPENDIX IV.—The Provision of Milk for Children of School Age.

I have already referred in Chapter I to the very low level of milk
eonsumption in India, and to the urgent need for inereasing the consump-
tion of this valuable food. In this connexion 1 outlined the results of
experiments which had been made to determine the effect of adding &
supplement of milk to the diets of children of school age. Briefly these
results showed that children who received the milk supplement inereased
in weight and height {ar more rapidly than those who received no supple-
ment, while they also showed a marked improvement in general health.

It is obviously desirable that steps should now be tzken to put into
effeet u more general sehemne for the provision of milk to ehildren of schopl
nge. The original experiment was carried out by the Municipality of
Simla, but already = number of other municipalities have given con-
sideration to the adoption of similar schemes. The diffienlty is, however,
to raise suffieient {unds to meet the very considerable expenditure involved.
As is stated in the report of the Simla experiment, *‘ the urgent mneed for
the expanzion of the scheme 1s clear ; the means to do so are not s0
obvious (1),

In the orviginal Simta experiment, ohe pound of whole milk was Ewen
daily to each of 120 childven. The milk for the experiment was purchased
at 2 annas per 1. For a full sehool year of 200 days this would involve
an expenditure of Rs. 25 per child. 1t is very doubtful whether any muni-
cipality could affard to alloeate sueh a large per eapite sum for the provi-
sion of milk to school ¢hildren. Two alternatives appear to be open,
namely, to reduce the cost of the schemes or to secure additional financial
assistance from ocutside the municipalities. In praetice I think thai both
these measures would need fo he adopted,

As regards reduction of cost, the first step would be fo limit the scope
of the w?wme to certain ae]eetul groups of children. It would probahly
be desirable to eonfine the scheme to children attending primdry schools.
and within these schools to select only such children as are underweight,
negleeted or indigent. This would probably include 30 per cent. of the
primary school population(2).  The sccond step would be to effect a reduc-
tion in the cost of the milk. The milk used in the Simla experiment was
pasteurized and bhottled. This is an ideal method of supply for schools,
but is far too expensive to he practicable on a large scale. The alternative,
namely, to purchase ¢ loose’ milk, i« open to some objection on hypienic
growds, hut appears inevitable, Tn anv event it scems preferable to
adopt this altevnative than to ahandon all attempts to initiate & seheme.
*TLoose " milk can be pnrehased at Rs. 4 per maund(3). This would rednce
tho cost per child per year from Rs. 25 to Rs, 10, A still further redue-
tion could he efleeted by using separated milk in place of whole milk. It
appears from experiments carried out at the Nutrition Institute, Coonoor,
that separated mllk is as valnable a supplement for the feeding of schoal
ehildren az whole milli(1}. Liquid skimmed milk ean be obtained in eities
at Ws. 11 per maund(*), which would involve a cost of Rs. 33 per chld

(1Y W. H. Crichton. Sceond Report of the Milk Scheme sanctioned by the
Bimla Munieipality.
(2Y Personal communieation from the Medical Officer of Health, Simla.
(81 This figure refery to milk purchased in  Dethi. Whole milk could
probably e hought in viflages ot very mueh lower prices, say 6 pies per Ib. or
Ra. 2 per mannd, Al such loose milk would need to be boiled before being
consumed by the ehildren.
(W R, Avkroxd and B, @G, Krishnai. f The Effect of Skimmed MilE,

Sova Tean and ether TFoods in supplementing typival Tudian Diets.’’ Iﬂd..
Journ. Mced. Res. 24, 4+ (1037),

-
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per year. An alfernative source would be to use reconstituted skinmued
milk powder. This ean be purchased at Rs. 36 per ewt., the ammual per
capita cost on this basis being Rs. 5. These figures are, however, cal-
culated on a supplement of 1 lb. of milk per school day. The Hnglish
milk-in-sehools scheme only allows for one-third of a pint per day, i.c.,
just under half a pound. While a full pound would be desirable under
Indian conditions, half this quantity of milk would be preferable to none
at all.

Turning to the provision of financial assistance from ocutside sources
there are, 1 think, three possibilities. In the first place the system might
be adopted of providing the milk cheap but not free, except in cases of
obvious under-nuirition. This is the basis of the English milk-in-schools
scheme, and although it might not be workable under Indian cenditions,
its possible application should at least be explored. In the second place
provineial governments might be invited to assist in initiating the seheme
by making suitable grants-in-aid to municipalitigs and district boards.
The direct expenditure ineurred by the latter would thus be substantiaily
reduced. In the third place, efforts might be made to obtain voluntavy
subserviptions from the wealthier seetions of the population, a method which
has, I understand, met with considerable suecess in Delhi. In this con-
nexion, too, 1 suggest that the inferest of the supporters of gowshalas and
pinjrapoles might be enlisted, with the object of obtaining cheap or even
tree milk for srhool ehildvren from such institutions. I am convineed
that the inelusion of suel philanthropic work among the beneficent objects
of gowshalas and pinjrapoles would add to the interest and support given
to them by all classes of the community.

The above snggestions are intended to he illustrative rather than
exhaustive, but they serve to show that with suitable organisation some
form of sehool mitk seheme should be feasible. The subject ix obviously
one of great diffieuliy. In British India aldéne there are over ten million
scholars in primary schools, and the provision of a daily supply of milk
for even a fraetion of these would inevitably involve very considerabls
expendituore, The whole question is, however, of such potential importance
to the future health of the population that I believe it merits most care-
ful and serious consideration,

C36ICAR
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APPENDIX V.—The Importance of Goats as Milch Animals,

So far as India’s total ontput of milk is concerned, the goat (-,or_ltri—
butes only a very smali prupertion, a reeent survey showing the foliow-
ing figures(!} \—

Quantity of Percentage
Mifk of total.
(thousands of
maunds).

Cows e s ‘e e 375,730 547
Buialoes .. ‘e T 300,094 43-6
Goats . . e e 10,785 1:6
Others . . - . 324 a1

689,929 100-0

Moreover frem marketing reports it appears thal goats are generally kept
not so muech Yor the produetion of palk as for meat and incideatally Zor
hides and skins, The number of goats in India 1s, however, very large
There are more than 38 million in British India, and nearly 16 million n
Indian States. An increase in the per capite milk yield of gouts wonld
therefore markedly inerease the gquartity of milk available in the country.

According to tecent surveys, the average lactation vields of goats
vary from 15 lbs. to 270 Ibs., the mean value heing 160 ibs. The daily
milk vield varies from 2 ozs. in Bikar and Orissa to 12 ozs. in south-
western Punjab and Sind, the average for India lLeing about 7 ozs. The
lactation periods vary from 120 to 150 days. These fizures refer to goats
kept under viliage econditions. Under such eonditions they are seldom
stall-fed, and they may have to roam for many miles in search of [oud
The low milk vields of village goats arve therefore not surprising. Under
more favourable eondilions poals may give very mneh higher yields, and
may kid more frequently, Thus the milk vields of goats at the Missien
Farm at Etzh, U. P., have bheen iucreased by hetter management and
setection from 1.1 lh. per daxv to 2.3 lhs. per day for the Jumna Parxi hreed,
from 1.3 lbs, to 2.0 hs. per day for the Dar-bari breed, and {rom 1.1 lbs,
to 2.6 1hs. Hor the loeal village type(2). At the same time the kidding
interval has heen redneed from an average of 360 davs to an average of
about 260 davs. Both at Etah and at the Government Cattle Brecding
Farm, Hissar, Punjah(®), remarkably bigh vields have heen ohlained with
some animals, vields of 600 to 1.200 lbs, being not oufrequently recorded,
with one exceptional figure of 1,713 Yhs. The maximum daily yields of
such goats varied from 334 to 7 lbs, and the average daily vields from 1%
to 431 lbs.

These fizures show the potentialities of Indian hreeds of poats as milk-
ing animals. Ax with village eattle, there 1s no doubt that heiter feeding
and management alone would m'nl\ed]\. inerease the milk yields of (*mmtrv
goats. W Tork such as that proee pdmg: at Etah and at Tlis=ar is, however,
of great importance in demonstrating the value of sclective breeding,
eombined with hetter feeding and management, in improving the milking
r-ﬂ}mmhm of mrilgen()m stoel,

(1) Provisional figares from Provineial Marketing Surveys,

{2) Ammat Reperts of Mr. A. E. Slater’s Goat Breeding Seheme. Imperial
Courcil of Agrienltural Rescareh, Simla, 1932-1936,

(3) Punjab figures obtained from brief,
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APPERDIX VI--A Note on the Need for the Co-ordination of Rural
Services,

Puring my tour ! was concerned to find a very general lack of co-
ordination between the work of the differeni government departuenis 1o
the field of rural development. This applies not oniy to the iswation of
aepaclinental gvibvies, 1t was equaly appavent in the laek of eco-ordi-
naced and lopg-range schemes of development and in the picec-meal metioiis
adopted in esiablishupg new ealerprises. This cannot be better illustrated
than in the words of a prominent member of the Indian Forestry Ser-
vice —** The revenue dejartinent is auxious to eollect its revenue, the
forest department {o grow trees, the agrienltursl departimvent to cultivate
belter paying erops, the vetcrinary depariment to rear more stock, the
tocal lund vwner to kesp a »iud bull, the Lerigation depurtment to find more
canal water, the public health authorities to improve the drinking
water...... These are all competing for the areas which should be ibe
natural fodder reserves of the provinee...... 7(!). This statemeitl, which
refers to the foothills of the northern provinees, applies with equal foree
in other arcas : there appturs to be mo means of Lringing together those
responsible for the various branches of rural devolopment wnd ensuring
that their interests shouid be ¢omplementary rather than compotitive,

The need, for such co-ordinition in rural develupment is particularly
apparent in relation to cattle breeding and dairving, Caitie breeding
necessitates the closest co-operation between the veterinary, agricultaral
and forestry depariments(?). Dairying involves in addition a pumber of
problems ecormecied with marketing and eo-operation, as well as certain
public Leaith considerations, No authority at present exists through which
these varions interests can be co-ordinated. It mav e argued that zll
sueh activities gre under the eontrol of a single minister, This s not
true for all provinees. Morcover the respousible minister can seldom
give to the guestions at issue that detailed consideration whichk is e.semtial
i harmoenising conilweting interests,

Affer econsidering various altermatives, I fcel that the diffienlty could
best be met in most provinees by ecnstituting a Board of Rnral Develop-
ment(3), which would inelude the directors of the departments of agsi-
enlture, forestry, veterinary services and publie lhealth, a rervesent-otive
of the irrigation and of the revemne departmonts, and the Registrar of
Co-operative Societies. Fpecialist officers, namely, the provineial live
stock expert, the provineiai marketing offfeer, the provineial dairy develop-
ment offieer and the fodder speeinlist (if appointed) should a‘tend raect-
ings of the Board in an advisovy capacity. The Chairman of the Board
would hold a key position, and the sucecess of the Boaids work conld
depend largely on his tact and persona’ity. T cenzider it essential that
he should he a non-fechunical officer of the rank of Commissioner and with

(1) R. M. Gorrie. ¢ Noicg “orr the Comscrvation of Hill Graxings,””  Puper
presented ot the Second Animal ITusbandry Wing Meeting, Madras, 1936.

{2) The irrigation department ought also to be inclwled. Onr  several
oveasions T was informed that irrigution developments had adversely affected
the cuttle in what had previously been excellent breeding tracta.

(2) A proposal to constifute such a Board was considered Dy the Govern-
ment of Bombay in 1034, This propoeal included, however, the unifieation
of the departments of agriculture, veterinary services awd eo-operation into a
combined ddepartment, with the director of agriculture as head. The seheme
therefore differed fundamentally from that mow put forward, simee it imcluded
the appointment of a techmical cfficer ag head and the loss of administrative
independence by the departmenisz of  veterinary services and co-operation.
Tnder these circumstances it is not surprising that the proposal was abandouod.
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special knowledge of and interest in rural conditions. Whether the post
of Chairman should be a whole-time or a part-time one would depend on
individual eireumstances. Such a Board should, I believe, act solely as a
co-ordinating and advisory body, and should net eurb the initiative nor
limit the responsibilities of the directors of individual departments, nor
interfere with the internal administration of such departments. On the
other hand the Board might, on oecasion, have to recommend the abandon-
ment of projects which, though good in themselves, failed to fit in wiltk
the general scheme of rural development. It should, therefore, he in a
posilion to make direet representations to the responsible ministers in
regurd to any controversial questions relating to rural development and
the co-ordination of rural services. The Board could appoint committecs
to deal with speecific problems or with the development of sueh activities
as markeling or dairying. One of the first duties of such s Board would,
I suggest, be to earry ont a survey of the agricultural resocurces of the
provuce in order that any subsequent schemes could be properly related to
a long-range policy of rural development.

I am strongly of opinion that the constitution of sueh a Board would
do much towards ensuring inter-departmental co-operation and the diree-
tien of departmental work along the most productive lines,
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APPENDIX VII--Conversion Talles.

For these tables the following typieal analyses of mixed miltk of Indian
eows and buffaloes(2) have been used : for whole milk, 1545 per ent.
total solids containing 6.13 per cent, fat ; for skitnmed milk, approximaiely
9.3 per cent. total solids, The English equivalents have been taken tiom
the Report of the Reorganisation Commission for Milk, 1933,

Conversion Tables for Imported Milk Products.

To make one cwt. there are

required.
gallons of Eng- maunds of
lish milk, Indian milk ().
Butter ‘e o . .. 264 20-0
Cheese .. o e - 112 11-4
Condensed mijlk (whole) .. .. .. 27 2-8
Miik powder (whole} - o . 8 8-0
Condensed milk {skimmed) .. e 32 37
Milk powder (skimmed) .. .. .. 118 14:0
Cream .. . o . 68 7-0
Sterilised milk .. . . ‘s 11 1.0
Conversion Tables for Indigenons Milk Products,
Out-turn of Quantity of
product per Indian milk
100 1b. of required to

Indian milk. produce 1 1b.
of prodnet.

b, 1b.
(Thee s - e . G 16-0
* Country’ hutter - .- .. .- 7 14-0
Dahi .. e . .. 85 1-2
Khoa . .. . . 25 40
Channa ‘. . . .. 20 5-0
Mallai’ - . .. . 20 5-0

Rabree . .. .. .. 40 25

{1} Weighteil according to the relative quantitics of milk produced by -ows
and buffalees in India. The avernge vomposition of milk lirs heen taken s g
for eows, 13.0 per cent. total solids eontuining 5.2 per cent., fat, and for
Shuffadoes, 17.4 per cent. total sotids containing 7.8 per cent. fat. It iy estbuaved
thyt 578.7 million maunds of millc are produeed by ¢ows, and 300.1 million maunds
bz huffaloes,

{) One maund equals approximately 80 lb.



November, 1936 .-

4th .. .
6th .

Fth tg 11th ..
12th . .

13th and 14th .
15th, 16th and 19tk

17th . .

18th e

20th and 21at ..

22nd and 23rd ..

25th and 26th ..

27th ..
28th . .
209th . .
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AP2ENDIX VIIL.—ITINERARY.*

Landed at Bombay.
Arrived at Delhi.

Delhi.—TInterviews with H. E. the Viceroy, the Hon'ble Membet
for Kdueasion, Health and Lands, the Secretary of the
Departmont of Education, Health and Lands, the Public
Health Commissioner to the Government of India, the
Dircetor of Supplies and Transport, Army Headqguartors,
the Officiating Vieo-Chairman and the Amimal Husbandry
Expert of the Imperial Council of Agricultural Research,
the Agricultural Marketing Adviser o tho Government of
India, and other ofiicials.  Visits to the Imperial Agricul-
tursl Ressarch Institute, Edward Keventer's Dairy Farm,
the Dethi Cattle Breeding Farm, and the Delhi Pinjrapele,

Karnal.—Visita to the Nagloi, Bahadurgarh, Rohtak, Sonepat,
Sisana and Panipat Votorinary Hospitals and the Imperial
Cattle Breoding Farm, Karnal,

Hissar—Visits to the Governmont Cattle Breeding Farm.

Lahore.—Intorviews with H, E. the Governor of tho Punjab,
the Officiating Director of Agricufture and the Dircctor of
Veterinary Sorvices. Visits to Koventur's Sales Depot,
the Military Dairy Farm, the Public Analyst’s Laboratory,
the Univorsity Chemistry Laboratories, the Punjab Vote.
rinaiy Colicge, the Lahore Gowshals, and to gujar’s pre.
mises and milk shops.

Ferozepore-—Visits to the Military Dairy Farm and to the
Kahna-Kachha and Lilani Veterinary Hospitals,

Lyallpur—Visits to the Vegetable Ghee Factory and the
Agriculturai College and Dairy.

Khanewal, —Visits to (rantee Farms in the Montgomery
ATea.

Kurachki.—Interviews with H. E. the Governor of Sind, the
Officiating Director of Agriculture, the Director of Vete.
minary Scrvices, and the Director of the Tublic Health
Departinent.  Visits to the Military Dairy Farm, the
English Dairy, the Karchi Pinjrupole and cattle stables
and dairies.

Akmedabad.-—Visita to Lord’s Dairy, the Dudhia Dairy, the
Changodar herd, end local cattle stables and milk shops.

Chkarodi—Visit $o Government Cattle Breeding Farm.

Anand,—Visits to Polson's Dairy and separating stations,
and to the Government Creamery.

Baroda —Interviews with H. H. the Gaekwar of Baroda and
with the Commissioner for Agriculture. Visits to the
Palace Dairy, the Australian Dairy Co., the Niyampur.
Producer’s Uo-operative Socicty, and the Alembic Chemica
Works. ’

*Visits to local villagos are not detailed, but frequent opportunities were take:.
to imspect village eonditions in various parts of the country.
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30th Navemher to 4tk Bombwy.—Interviews with H. E. the (overnor of Bombay,

December, 1936.

5th and 6th

Tth to 12th

13th to I7th

18th

19th and 20th

21st to 27th
28th and 29th
30th Derember to 2nd

January, 1937.

3rd to 6th

Yth and 8th

the Secretary to Government, Revenue Department, the
Municipat Commissioner, the Pnbiie Health Offiecr and
others. Visits 1o the Byculla airy. the Parisian Dairy,
the Infants and Public Mk Supply Conepany, the Muni-
cipal Cold Stores, the Muuicipal fublic Lalaratorics, the
Bonihay Pirjrepole. the DBorivli, Wandivil and Mulund
Gowshalis, the Bandra shaghter howse, the Bonbay
Veterinary College, the Haffkine Institnte, and typical
huffalo stables and milk shops,

Poona ~— Tnterviews with the Thrector of Agriculture, the
Director of Veterinary Services. and the Provineial Live-
Stock Expert.  Visits to the Agricubtural College and Dairy,
the Government Houwse Dairy, and the Midtary Dairy
Farm.

Bangalore —Interviews with the Dewan of Mysore, the Di-
rector of Agireulture, the Director of Veterinary Services
and the Live-Stock Expert, Visits Lo the  Imperink
Dairy Institure, Hosur Cattle Breeding Farm, the Hebbal
Agricultural and Live-Stock Varm, the Indian Institute
of Seienee, the Civil Veterinary Hospital, the Mititary
Dairy Farm, the Lakeview Dairy. the City Milk Supply
Co.. and local cattle stables and miik shops.

Muodras.—Interviews with H. E. the Governor of .Madras,
the Director of Agriculture, and the Ofliciating Director
of Velerinary Bervices. Vigits to Madras University,
Madras Veterirary College, the Gerrison Dairy Farm, the
Madras Co-operntive Milk Supply Union, the loeal gow-
shrla, and cattle stables and wmilk shops.” Attended the
Second Animal Husbandry Wing Meeting.

Kadpodi.—Visit to the Mission Goat Breeding Farm,

Cotmbntore.—Visits to the Agricultural College and Dairy
and to the Pattagar of Palayankottai’s Farm.

Coonoor.— Visits to the Nutrition Laboratory at the Pasteur
Institute and to Wellington Tairy Farm.

Mysore.—TInterview with the President of the Municipal
Committee,  Visits to the Rayankere {lairy Herd, the
Chatanhalli Cattle Breeding Farm and the Ycllanchihalli
Sheep Breeding Farm.

Bangalore—Interviews with the Tmperial Dairy Expert.
Visits to the Irwin Canal Farm, the Mandya Sngar Factory,
the Devidan Farm, and the Laboratory of the Agricultural
Department,

Hyderabad,—Interviews with the Chicf Minister of H, E. H.
the Nizam’s Dominions, and with the Director of Agricul.
ture and the Direcior of Veterinary  Services. Visits
to the Himavatsagar Dairy and Pouliry Farm, the Secun-
derabad Military Dairy Farm, the Veterinary Hospital,
the Deccan Dairy, and 1vpical gowales’ premises.  Attend-
ed the Indian Science Congress.

Nagpur.—Interviews with H. E. the Governor of the Central
Provinees, the Director of Agriculture and the Dhrector of
Veterinary Services.  Visits to the Agricultural College
and Uairy, the Tulankberi Farm and Co-operative Dairy,
the Mcterimary Hoapital, and various gowndas’ premisos,



January, 1937—contd.

10th to 13th and 16th

to 19th.

14th and 15th

20th and 21st

23rd to 24th February

25th .
26th to 28th

18t March, 1937

2nd ..
4th .
bth to Tth

8th and 9th

12th e
E4th to 16th

17th .

13th to 23rd

23rd ..
25th

v

.w

» e
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Cadcutla.—Inkterviews with H. E. the Governor of Bengal, the
Director of Veterinary Serviees and the Public Heaifth
Officer.  Visits to Lhe Bengal Veterinary College, the Muni-
cipal Laboratories, the Co-operative Milk Union, Keventer’s
Dairy, the Express Dairy, the Milk Market and Hogg
Market, the Sodepur Gewshkala, and cattle stables and milk
shops.

Dacea.—Interviews with the Officiating Director of Agricul.
ture and the Provincial Live-Stock Expert. Visits to the
Agricultural Farm and Dairy, to Dacca University, and to
local milk shops.

Darjeeling.—Visite to the Ce-operative Milk Union’s premises,
Keventer's Dairy Farm and typical hill areas.

Delki,—Meetings of the Advisory Board of the Imperial
Council of Agricultural Research. CoHection of statistica
data and diseussions with officials of the Council and
others.

Aligarh.—Visit to Keventor's Dairy Farm.

Agta.—Visits to the Military Ghee Heating Centre and (hee
Tesfing Laboratory, the Dayalbagh Dairy, the Agricul
tural Farm at Bichpuri, Singhal's Dairy, and a typical
mandi at Kasta I'atehabad.

Etah,—Visit to the Mission Goat Breeding Farm.
Mutira.—Visit to the Government Cattle Breeding Farm.

Allahbad.—Visit to the Farm and Dairy of Allahabad Agri-
cultural Institute, the Katra Co-operative Dairy, Mahabir's
Dairy, the Ahow market, the Indalpul and Geneshgunj
milking stations, and local gowshelrs’ prenvises,

Tacknaw.—Interviews with H, E. the Governor of the United
Provinees, the Director of Agriculture, the Deputy
Dircetor in charge of Live-Stock Improvement, and the
Director of Veterinary Services.  Visits to the Parbatpur
Co-operative  developmeats,  the Makdumpur grazing
arcas, the Goverrment Cattle Breeding Farm at Kheri, the
Military Duiry Farm, and the Diumond Dairy.

Cawnpore,—Visits to the Agricuttural (ollege a-d Dairy, the
Military Dairy Farm, the Cawapove Gowshalu, the Ghee
Testing Lalxrratory of the Cawapore Pure Ghes Associa-
tion, and Messrs, Spencer's Dry Iec Factorg.

Meerut,—Visit to the Military Grass Farm.

. Simlr&.—\?isits 1o Keventer’s Dairy Farm, the Simla Veterinary

Hospital, and typical hill areas.

Kaseuli.—Visits to the Military Food Laboratory and the
Pasteur Institute,

Pelbi—Ipterviews with L. E. the Viceroy, the Hovhle Mem-
ber for Bdueation, Health and Lands, the Quartermaster
General, Army Headquarters, the Joint Secretary of the
Departmeat of Education, Health and Lands, the Education
Commissioner to the Government of India, the Vice-Chair-
man and other officials of the Tmperial Council of Agricul-
tural Research, the Public Health Officer of New Delhi,
and othera,

Left Delhi,
Bailed from Bombay.
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TapLe 1.—Estimated total production of wilk, and estimated production

and consumption per head of twenty countries (*).

Iotal produc. Buman Daily  pro- Thaily con-
Country. tion ot milk populition. | duclion per sumpt ont por

1830-34, fread of head of

population. population,

(M:llion gellons.} {Thousands,) (Oz.) {0z.)

New Zealand 870 1,559 244 56
Denmark 1,200 3,551 148 40

Finland 620 3,666 74 63/
Bweden 980 6,233 Gy ‘I;I
Australia ., 1,049 6,630 69 45
Canada .. 1,580 10,377 66 35
Bwitzerland 607 4,066 85 49
Netherlands 970 7,035 5¢ 35
Norway 200 2,814 45 43
U. 8 A . 10,380 122,775 37 85
Czeciwsiovakia 1,200 14,550 30 504
Belginm 651 8,092 35 35
Austria ., 545 6,760 35 30
Germany .. 5,046 €030 34 35
France . 3,150 141,335 33 30
Poland 1,990 31,048 27 22
Great Britain 1,474 45,266 14 39
Italy .. 1,050 41,177 11 10
Roumeania 382 19,033 b 9
India . 6.400% 352,838 8 7

* The first and fourth columns are taken from the Problem of Nutrition.

Yolume IV,

Statisties of Food production, Consumption and Prices {Loague of Nutions Publieation).
The second column is from latest Census figures. The third columa is ealculated from
the figures in the first and second columns.

1 Includes both lquid milk and milk products, expreased in milk equivalents.
1 Assuming India's total production to be 800 million maunds,

m 2
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TaBLE 2.—Milk production and consumption by provinces.

Province. Production Consumption

per head (a). pet head ().
Agsam . . . . 1-4 2-2
Bengal . . . . 3-1 1-9
Madras .. . 36 i-6
Bombay .- 4-7 40
United Provincea .. - . . 47 G6-@
Central Provinees .. . . 6-1 0-8
Bihar and Orissa . . G6-4 3-2
Punjab .. . e . 18-3 99

(@) Provincial Marketing Surveys. -

{b) Sir John Megaw's figures.

TABLE 3.—Milk conswmption in ceriain muntcipalities.

Consumption per head per day
(0z).
Province, Muzticipality. Other
Milk, Ghee. mill
products.

Bengsl .. Kharagpur 3-1 0-24 0-29
Madras . Madras .. 1-4 0-18 0-10
Bomlay .. Surat 61 0-75 0-33
United Provinees Lueknow 1-4 0-35 0-27
Agra 26 0-42 0-67
Central Provinces Jubbulpore 0-9 0-28 0-01
Bihar . Bhagalpur 05 0-08 0-19
Punjab . Lahore 2-0 0:40 0-01
Amritsar » 7-3 | 1-25 2-61
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TaBLE 4.—Effect of a supplement of whole milk on the growth of school

children.
On Milk. Control.
Average gain in threo Average gain in three
months, months.
Grou
ps- Boys. Gitls. Boys. Girls.
K B Q ‘g o Z K B
g lE @l | F @ | B | S
Lb. | In. Lb. | In. ib. { In. Lb. | In.
Group I (First Report) .. | 3-92 |08 [ 53078 |16 |06 |11 |018
Group I . 139 (07 [4-33)0:38|1-56|0-46 | 1-1 | Nil.
Group 11T . 2o | 37 [ 05330 {01929 (0-42]10 |0-07
Group IV . . v v 55 | 029 05 | Nil,
Average .. | 3:84 | 067 | 454 | 0-41 | 1-6 l 0-49 | 0-92 | 0-08

TasLe 5.—Effect of a supplement of skimmed milk on the growth of school

childern,
Avernge | Average
increase | increase
—_— in weight | in height
in three. in thres
months. | months.
Lhb. In.
Group A (receiving milk) .. 471 0-61
Group B (not receiving milk) . 2-13 0-35
Hostel 1 (Boys)
Group B (receiving milk) .. .. 3-07 0-69
Group A (not receiving milk) . I-10 0-43
Girlg receiving milk o e 4-8 0-80
Hostel 2 (Girks) .
Girls not receiving milk .. - 0-8 0-53
Boys receivitg milk - 4-57 0-61
. Hostel 3 {Poys)
Samc boys receiving no milk 0-84 N

\
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TaBLt 6.—Amount spent on food and proportion spent on nulk products
(per family per month).

Bombay { Bombay | Sholapur | Ahmeda-
Inquiry (1922). | (1932). | (1925} bued
: (1924).

Rs. & p.| Ra. a. p. I Rs. 8. p. | Re. & 1

Total expenditure on foed .. L0222 61071810 5313212 7
Expenditume on milk . .. 013 9/ 1 8 9} 015 7| 01310
Expenditure on ghee . .. 0D 91l] 05 0] 05 1] 283

Tu:al exenditure on milk produets .. 1 78] 189, 148|361

Pereentage of food expendlture spent;

on mikk products 549 729 6-9% 14-89
Number of families .. .. 2,473 1,469 1 655 872
Arvcrage size of family . o 4-8 4-4 47 3-9

TaBLE 7.—Influence of income level on milk consumption (Bombay 1922*).

Consumption of Expenditure on Pereentaret
Income Groups expeaditure
(Rs. per mensem), on milk
and ghee.

Milk, Ghee. Milk, Ghee.

{Lb.) (Lb) | Rs. a. p. | Ra. & .
Below 30 .. . .. 1-0 0:3 0 3 11 0 48 3-0
30to 40 .. . .. 2-0 0-2 06 7| 0 310 3-2
40to 50 ., .. .. 2.2 0-3 0 710 0 510 3-7
50 to 60 . .. 4-0 05 014 6, 6 9 8 5-8
B0 toT0 ., .. .. 52 08 1 2 9 012 % 83
T0to 80 .. . .- 73 1-1 1 910 1 6 9 81
80 to 90 ., . . 79 1:5 2 1 4} 110 7 6.1
90 and above .. 1 16l 2013202073 11-2
Altincomes . ..l 39 05 | 613 9l 0 911 54

A values riven per family pf‘l‘ month.
Thhese tgares refer to the prupurl,ma of tatal food expenditurs spent on milk ﬂmi

ghee,
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TanpLE 8.—Influence of tncome level on milk consumption (Lakore 1930).

Income groups. Daily consup-
tion per head.
{Rs. per mensem}. (Oz.)
Up to 25 .. e . . . .- e 2-8
26 to 50 .. e . e . . . 9-2
51 to 100 - . .. . . .- - 12-¢
101 to 200 . e . e . .- . 13-8
201 to 500 . . . . . .. . 16-0
501 t0 1,000 .. . .. . . .- . 20-0
1,001 to 1,500 .. . e o . . .. 31-2
1,601 to 2,000 .. . . . . . . 31-2
2,001 and more . e e . . . 3-2
Average for Lahore o .. .. . . .. 4-0
TaABLE 9.—Utilisation of milk in India.
Million '
Maunds.
Total production of milk . . 600*
Asg percentage
of total
milk
production,
Utilised—
(@} asliquid milk .. . .. 2150 31-2
{b) for manufacture .. .. 4750 68-8
Manufactured products s
Ag percentage
of total milk
manufactured.
Ghee . .. . . 364-0 52-7 76-5
Khog .e . e . 652:2 78 11-0
Other indigenous milk productsf . 16-7 2-4 35
Dahi (curdg) . . . 264-2 3-8 5-6
Butter} .. . . .. 16-3 1-5 2-2
Cresm .. .. . 2-8 0-4 0-6
Tce-cream . .. .. 2-8 04 08
Cheese .. . . .. (negligi- ‘e .
ble).

*While the total production of milk in India (including Burma) is estimated at about
690 million maunds, estimates of utilizalion are only available for areas producing about
460 million maunds. In the above table these utilization estimates have been arbitra ily
applied to the full produetion figures,

$This includes products such as * mallai,’ ‘ rabree * and © khurchan * which are obtain-
ed by evaporating the millk to a less degree than * khoa .

tIncluding both © country’ and * creamery’ batter.
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TanLe 10.—Total value of milk and milk products produced in India.

Maunds of .| Retail vale Value
Product. milk per maund (erores of
equivalent of milk, rupeea).
{millions).
Ra.
Liquid milk .. 215-90 i1 107-5
Chee .. .. - 364-0 23 100-0
Khoe .. . . 52-2 7 39-2
Other indigenous milk products 16-7 13 22-3
Dighi (curd) .. - 26-2 73 197
Butter .. .. . 103 3 3.0
Cream .. e .. 2-8 3 1-7
Ice-cream 2-8 3
6900 203-4

Nore.—Liquid mitk has been valued at 1 anna per b, the ¢ost of production work-
ing out at 9-10 pivs per tb. This may be too high a value to place on the milk. On the
other hand the ghee bas boen velned at its retail price, no allowance being made for the

value of the butter-mifk (fuss?) consumed by the cultivator and his family,

TasLk 11.—The urban and rural populations of India.

—— Number of Population Percentage
towne, (in miltions). | of population.
Total Population .. . . 352-8 100
Urban Aregs . . e 3g-0 11-0
Towns having :—

100,000 and over . 38 9-7 2-7
50,000 to 100,000 . 66 16 1-3
20,000 to 50,000 . 268 81 2-3
10,000 to 20,000 . 543 7-4 2-1

5,000 to 10,000 .. 687 7-0 20
" Under 5,000 . 674 22 08
Rural Areas . . . 313-8 89-0
Villages having :—
5,000 and over . 5-3 1-5
2,000 to 5,000 .. .. . 38-7 -0
600 to 2,000 .. e . 139-0 39-¢
Under 560 .. . 130-8 71
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TapLe 13.—Percentage of added water in typical samples of milk.

Percentage of water added. Number of
sam ples.
Q . . e e . . 22
6 to 15 . .e .e .e .e 29
18 to 25 . . ‘e . . 23
26 to 35 . . . . . . 16
36 to 43 . . . ki
48 to 65 . e . . . B 3
Total ve 100
TaBLE 14.—Acidities of sumples of ghee.
Number of Percentage
Reading point, samples of total
examined. examined.
2:0—-2-9 . . ‘e . 2 .
3-0—3-9 f N . . 144 3-1
4:0—49 ‘e ‘e .. .. . 154 35
50—5-9 . v ‘e 243 5-8
8:0—6-9 - . . .. . 567 13-0
7-0—-7-9 .e ‘e . .. . 997 228
8-0—8.9 .e - .- . . 1,600 366
9-0—90-9 . . .. . . 606 13-9
10-0—10-9 . . . .e .- 66 15
11-0—11-9 e . .. e . 2 .
Total .. 4,380 100-0
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TanLE 18.—Quantities and value of butter imported into India,

Year. Quautity. Value
(Cwt.) (Rs.)
1926.27 . . . 1,091 2,25,247
1927-28 . . 1,550 2,78,253
1928-29 . . 1,335 2,561,959
1929-30 .. . . . 2,255 4,038,360
1930-31 . . . 2,623 4,70,391
1931-32 . . 3,570 5,42,397
1932.33 . . . 3,772 5,23,500
1933-34 . . . 5,106 5,78,346
1934-35 . : . 6,265 6,23 '
1935-36 . 7,708 /‘M
TaBLE 19.—Returns from vartous milk products.
Out-turn Retail Gross return Relative
Product. pur LK) price per maund return per
b, milk, per lb. of milk. 100 tb, milk.
Lb. As. Rs. a8
Qhee . 8 9 2 11 54
‘ Country ' butter 7 9 3 2 63
Liguid milk 160 1 5 0 100
Dahi . 85 13 TT 149
Khoa . 25 6 7 8 150
Clanna .. 20 8 8 o 160
Mallas ., 20 10 1] 0 200
Rabree .. 40 8 16 0 320
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TasLE 20.—Imports of cheese into India.

Year. Quantity, Year. Quantity.,
{Cwt.) (Cwt.)
1926.27 . . 11,258 | 1931.32 . .- 7,349
1927-28 . . 11,507 ( 1932-33 . .. 8,828
1928-29 v .- 11,121 1933-34 . .o 9,871
1920-30 .. . 10,878 1934-35 . 10,924
1930-31 . . 10,443 1935-36 . 10,546
TapLe 21.—Fmporis of milk products.
Approximate Milk
Nature of Product, quantity equivalent
; imported. of imports.
(Cwt.) {Maunds.}

Unswoeetened condensed milk, whole .e . 25,000 70,000
Sweotened condensed milk, whole . 25,000 70,000
Bweetened condensed milk, skimmod e 150,000 650,000
Dried milk powder, whole [ .e 25 200
Dried milk powder, skimmed . . a 250 3,500
Preserved cream . . . . 50 350
Bterilised milk .. . . . . 150 150
Total v 200,000 694,200

Tavre 22.—Imports of condensed and dried milks into India,

Year. Quantity. VYear. Quantity,

(Cwt.) (Cwt.)
1926.27 - o 182,845 | 1931-32 . .. 185,025
1027.28 - . 224,036 | 1932-33 - . 172,332
1928.29 - . 245,153 | 1933-34 . . 171,870
192930 - . 242,611 | 1934-35 - . 180,942
1930-31 - . 226,853 | 1935-36 208,214
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TaBLE 23._Nu;nber of bulls issued annually from Government farms in
certain provinces {average figures).

1923.24 1929.30 1932.33
—_— to to to 1935.36.

1925-28. | 1931-32. | 1934-35.
Agsam .. . e . 7 15 38 42
Bengal .. - . . ] 13 30 33
Bombay .. . v . 30 17 28 23
Central Provinces .. . . 52 41 62 36
Madras .. . .. ‘e 20 T4 69 103
Punjab .. = .. . .| 82 336 551 616
United Provioces .. .. .e k] 145 142 141
. Total .. 609 641 918 094

TanLe 24.—Number of approved bulls at stud in cerlain provinces (average

Jrqures).

192%-30 1832-33
—_— to to 1935-36.

1931-32, 1934-35.
Asgam ., . .. . 52 115 C200
Bengal .. . .. . 79 360 487
Bombay . - . 102 227 289
Central Provinces .- . 73 104 132
Madras ., .s ve . 104 134 181
Punjab .. [ - - 3,679 4,323 5,025
United Provinces., - " 2,696 3,245 3,448
North-West Frontier Provinee - 170 233 234
Total 6,835 8,741 10,008
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TaBLE 25.— Number of castrations performed in veterinary hospitals and
dispensaries and during district work {British India).

Castrations Castrations Total number

performed performed of castrations
Year. in hospitals in distriet performed.

and work.
dispensaries.

1928-29., . . 206,041 303,958 510,899
1929.30.. 243,562 353,628 597,190
1930-31.. . .o 281 968 415,126 700,094
193132 ., - 337,957 468,297 801,254
1932.33.. - 380,880 512,184 893,064
193334, ' . 430,675 575,456 996,131
1934.35., 497,111 612,034 1,109,145

TABLE 26.—Bovine castrations performed in British India during

1934-35.
Total Total male Index*
Province: bovine bovine Pereentago number,
castrationa, population. castrated.
Assam  .: 21,843 8,069,042 0-69 10-8
Bengal 4,120 13,497,435 0-03 0-4
Bombay .. 35,379 4,868,561 0-72 11-3
Central Provinces 156,795 7,073,711 2.21 32-9
Madras .. . - Bl,812 11,650,103 0-45 7-8
Punjab 441,787 6,014,964 6-38 160-0
United Provincea 22,374 15,813,997 0-14 2:1
North-West Frontier 32,834 478,751 6-80 107-8
Province.

Bihar and Orizes 110,034 11,006,149 0-99 135
Bind .. . 2,968 990,192 0-29 4:5

H36ICAR

*In this the Punjab perdentage, f.¢., 6+38 is taken as equal to 100,



Tasre 2.7.——Inﬂ-ueme of milk wyield on cost of milk production.

170

Average. Feed cost Labour cost Total cost

Breed. lactation per 1b. per Lb. per 1b.

yicld. of milk, of milk. of milk.

(Pies.) {Ples.) {Pies.)

Half-bred .. . 8,600 3-55 083 6-48
Ferozepore Sahiwal 5,717 3-88 004 7-16
Beindi .. .- 4,150 4-48 1.51 942
Ordinary Sahiwal .. 3,864 4-45 1-29 9-18
Buffaloes ., e 4,000 5-68 1-29 11-14
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Tapie 99.—Progressive increase in milk yield shown by herds at Lyallpur,
Karnal, Pusa and ierozepore from the date of their establishinent,

Average daily yield in Ibs,
b | Eyallpur
Agricul- Qvarall.*
turel Karnal. Pusa. Ferozepore.

Colloge

Dairy.
First yea.f . . .. 5-60 8% a8 11:3 46
Becond yeat .. .l 54 71 7-8 11-6 50
Third year ve el 6-80 8.4 83 129 8-6
Fourth yeas P .. 7-18 8:6 6-6 29 9-Z
Fifth year ve .. 7:45 10-2 68 | 12-6 9-8
Bixth year ve Py 8-60 10-0 6-1 14-8 10-6
Seventh year .. .. 931 99 74 14-7 -3
Eight year . .. 7274 12-2 g2 150 11-1
Ninth year <. iy 910 | 129 8-0 16-2 -9
Tenth year . .. 9-30 i3-2 | 8-4 16-4 11-7
Eleventh year .. ‘e 9-03 13-2 10-8 17-4 12-5
Twetfth year .e .. 9-80 14-1 12-0 18-4 12-1
Thirteenth year .. . 11-28 . 12-3 15-3 9.9
Fourtcenth year .. .. 1073 | “ 1}-7 ;8-0 12-5
Fifteenth year .. ‘. 11-97 . 12-7 ¥7-0 12-5
Bixteenth year .. .- 11:40 .. 14-3 15-4 12.¢
Seventeenth year. . .e 11-87 . 12-4 16-9 12.9
Fighteenth ycar .. - 12-82 .. 13-0 17-7 12-8
Nineteenth year .. - 11-43 .. i3-6 20-3 170
Tweniieth year ., ‘e 15-05 o 185 22-6 16-8
Twenty-first year e 16-54 ve ve 18-3 i3-7
Twentysccond year . 17-15 e . 16-5 11-1

»  Note.—Karnal herd (ariana and Tharparkar] was started in 1923 and Pusa and
Ferozepore (8ahiwal} in about 1912, and the Lyallpur herd {Sahiwals) in 1914,

* These are overall averages, i.e., averages computed over milking and dry stock,
??h(’-rl‘:ls those shown in other coelumns are milking averages. Further the progressive
inercase of the Ferozepore herd is often masked by the influx of fresh cows which are
purchased in the market for meeting the requirements of trade. These arc not separa-
tely shown in administration reports. .

T Fall due to severe attack of Foot-and-mouth disease.
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TasLe 30.—Distribution of milk yields in three Sakiwal kerds.

Number of cows yielding.

Nawe of farm. 3000 | 4,000 | 5,000 | 8,000 | 7,000 | 8.000

. Below! to | to o to to Ibs.
3,006 | 4,000 | 5,000 | 6,600 | 7,000 | 8,000 | and
Ib. 1bs. | ibs. 1bs. 1bs. Ibs. | over.

3 5 0 0

=]

1. Montgomery Dairy Farm o322 4] j

2. Jebangirabad Cattle Farm .. | 48 82 95 37 11 t) 2

3. Allahdad’s Farmg Jehanian .. 17 a7 ‘l 45 44 20 10 3

Tasre 31.—Typical yields of improved cattle (average values).

— Pur- Farm- —m
chased. bred. :

Amrit Mahal e . .. . Ajjampur, Madras.
Hissar - .- .. ‘ .- . Hissar, Punjab.
Kangayam - e 1,493 1,615 | Hosur, Mudrus,
Kanlrej . o 932 1,936 | Charodi, Bombay.
Gir . .. 2,052 2,600} Charoedi, Bombay.
Ongole . co i 2874 | 3,526 | Chintaladevi, Madras,
Hariana S i 2379 3,634 | Karnal, Punjab.
Tharparker o .. 2,204 3,791 ‘ Karnal, Punjal,
Seindi .. o 3.572 4,137 | Hosur, Madras:.
Sahiwal ‘e .. . 7,000 | Ferozepur, Punjab.

t

TasLr 32.—Comparison of number of cows and she-buffaloes at successive
five-year periods.

Population She-Buffaloes | Pereentage

— Cows. (in thousands). changes.*
191518 . . 37,607 13,629, 00 | 1
) 1H20-2} . .. 37,083 13,312 25 g
1925-26 . . 37,9681 14,205 104 _ bt
1930.31 . .- 37,904 14,707 To2 108
1934.35 .. .. 35,696 15,438 108 ns

* 1915-16 taken as i00.

\
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TaBLE 35.-—Acreage under fodder erops.

Year. (millir:aacres). Year. (mﬂlﬁ;:icres).

1901 i 2:9 1920 81

1905 39 1925 8-

1010 48 1930 9-3

1915 71 1935 10-2

- .
TasLk 36.-—Distribulion of yields of certain fodder crops.
Percentage giving yields within limits shown in first column,
Yield
{muaunds per

acre), Juar. Maize. Oata. Borseem. | Lucerne, | Grasses.
0—199 37 61 35 22 26 17
200—3%9 . 52 36 56 35 40 24
400—399 7 3 9 19 23 36
600-—709 4 0 0 9 4 5
800—004 1] 0 1] 9 7 [i]
pver 1,000 0 0 0 6 1} 2
Total .. 100 100 100 100 100 100

TasLe 3T.—Distribution of costs of certain fodder crops.

Cost Percentage giving costs within limits shown in first cobumn,
{per maund), |__ I
Juar, Maize. Oats. Berseem. Lucerne. | (rasses.

;i\s. pies. As. pies, | 7
Below  1-11 .. 52 18 22 50 20 40
2-0 to 3-11 .. 34 40 43 18 a7 28
4-0 to 5-11 .. 8 18 14 16 7 17
60 {o T-11 .. 2 18 0 3 8

8-0 to 9-11..° 1] 3 0 @ 13 2
10-0to 11-14 ., ] 0 4 3 3 0
Over 120 4 3 7 3 | 13 3

Total Do | w00 100 100_J we | 100
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TaBLE 38.-—Density of cows and she-buffaloes and of human population
w various disiiicts n India.

i

Per syuare nmile,
Provinee. District. I
Wumber | Number of | Human
of bufialoes, |popudation.
cows,

[ Alakabad . . 64 41 : 524
Etawah . Ll a8 55 441
¢ Agra .. . .. 39 63 567
United Provinces ..< | Muttra . . 43 63 461
Etah .. e .. 42 81 20}
Aligarb . . 24 83 602
| | Bareilly .. .. 45 49 679
(| Hissar . . 23 | 17 172
Rohtak .- .. 35 37 328
Punjab .. ..< | Karnal e .. 45 49 . 273
Lahore .- . 26 55 514
| Lyalipar .. . 22 62 357
[| Purnea . .. 96 22 440
Bhagalpur .. . 85 28 529
Darbhanga . 96 41 848
Bikar ,, . ) Muzafiarpur .. “ 80 44 969
Champaran .. . 80 34 608
Ll Saran .. . . 67 &2 027
Ahmedabad .. . 19 25 259

Bombay .. , { .
Kaira (Anzand) .. . 16 79 458
{ Bangalore . . 69 18 1|

Bouth India .

Coimbatore . . 36 13 s
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TaBLE 38(a).—Lensity of cows and she-buffalves and of human popula-
tion in British Provinces,

Per square mijle.

Province, T T T
Number of Number of Human
COws, buffaloes. populatien.
United Provinces ‘. .- 60-1 42-8 508-2
Punjab .- . . 26-3 29-9 2437
Bihar and Orissa .. o 59-9 18-7 453-6
BMadras .- .. .. 30-0 168 3285
Bombay . .. .. 23-2 i4-9 232-9
North-West Frentier Provinee e 15-3 19-1 1793
Central Provinec and Berar .. 32-1 8:3 155-2
Sind . 164 7-3 83-8
Bongal oY . . 01-5 3-4 6464
Assam .. .. . 23-7 2.0 156-7
TaBLE 39.—FEzperimental, district and demonstration farms.
Exyieri- Distriet and Cattle-
Province or State. menital Demonstration | breeding
Farms, Farms. .{ Farms,
Ea.dras e . . .. . 2
Bombay “ .. . & 1 5
Sind . . . 1 6 ‘e
Bengal 3 22 1
United Provinces 4 18 4
Punjab . .. .. 8 14 . 1
Bihar and Orissa i) 18 2
Central Provinces 3 2 2
Assam e . .. 3 4
North-West Fronticr Province . 2 3
Indian States . . .. 23 16 11

Total . 50 109 < 39
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TaBLE 41.—The number of ngricultural and velerinary officers in Briish
provinces in 1936-37.

Agriculture. Yeterinary.

Provinces, Gazetted Non- Guzetted Non-
officers. gazetted officera. gavetted

officers, officers.
Central Provinees .. e 25 166 7 163
Bombay .. .. .. 38 208 9 143
Madras . 59 464 23 274
Punjab .. . .. 69 236 36 406
United Proviaces .. .. 44 274 4 226
Bengal . . 26 188 13 174
Bihar .. .- .. 18 iL3 11 139
Orissa .. .- .. 14 14 2 28
Assam ., o 9 54 2 60
North-West Fronticr Pruvince I 5 18 2 23

i

Total . | 307 1,735 109 1,646
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TABLE 43.—Number of catlle per veterinary assistant and expenditure
per velernary asst P
per head of cultle in Brilish provinces.

Expenditure on
Number of | veterinary sorvices
Provinces, cattle per and live-stock
veterinary | improvement per
assistant. head of cattle
{pics).

North-West Frontier Province 29,500 23-8
Punjab .. .. .. 36,000 16-3
Bombay .. v .. . 65,500 9-1
Central Provinces .. .- 81,500 67
Madras 82,300 8-4
Aggam 06,500 8.2
Bengal . . . . 135,000 4-1
United Provimces . 141,000 3-3
Bihar . e 142,000 5-1

i

TaBLE 44.—Amounts spent annvally on the gowshalas and pinjrapoles

at seven (ypleal cenfres.

Awmount
Total anmaally Per head
Town. population. | spent on annnal
pingragioles. | donation.
Ra. Ra. a. p
Karachi ‘e .. . 263,565 1,48,337 09 0
Cawnpore e e . 248,765 95,319 0 6 3
Bombay . 1,161,383 3,098,504 0 4 3
Delhi . . . . 447,442 | LILO19| 0 4 @
Muttra . . . . 60,590 4,200 011
Agra . .. 229,764 14,968 o1 0
Allahabad - . . 183,014 3,000 ¢ 0 3
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TABLE 46.—Relative demand for malk each month.

Month. Hit} Sf;tion Hill Slig;?.tion
January . . 100 127
February . . 130 100
March - 260 146
April . . . 492 181
May . . . 673 378
June . . 650 446
July . 547 490
August . . 544 500
Heptember . . 597 527
October . . 647 357
November .. . . , 318 179
December . . 183 160
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TABLE 46.—Relative demand for milk each month.

Hill Station Hill Station
Month. A. B.
Janusry .- . .- . . 190 127
February .- . o . .. 130 100
March .. .- . o . 260 146
April . . . e N 492 181
May .. .o . . .- 673 378
June . .. . . . 650 446
July . . . .. o 547 480
August .. .. - . .. 544 T 500
September . .. .. . . 597 527
Qctober . e . e . 647 357
November e ve . ‘e -, 318 199
December . .. e - . . 163 160
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To
The Honourable The Chairman of the Imperial Council
of Agricultural Research,
New Delhi.
Bir,

Herewith I beg to transmit my Report on the work of the
Imperial Council of Agricultural Research in promoting investiza-
tions on the science and practice of erop production in India.

The Report is in two parts,

In the First Part T have brought together the general results
oktained, and diseussed them in relation to the difficult problems
associnied with the improvement of agrieulture and the raising of
the stundard of life for the cultivator,

In the Second Part I have dealt with the individual sehemes
fostered by the Council, and set out various recommendations. This
patt s necessarily somewhat detailed, but I have endeavourcd to
keep it within manageable limits. During my visit to the Stations
I diseussed each man’s work at length with him and made nuwierous
rceommendations on points of detail or of experimental techniqua
which are not included-in this Report. Here I have confined myself
to thnse recommendations which the Council alone could implement,
shiouid they approve of them,

This method of presenting the Report in two parts involves &
certuin amount of repetition, hut it will, I hope, be found ¢uite
convenient in use.

1 wish to reeord-my thanks to all those who helped me in the
course of my enquiries : especially 4o Iis Excellency the Vieeroy,
who set out the problem with characteristic lucidity and discussed
possible solutions with great penetration and insight. T owe much
also to <¢he ITonourable Sir Jagdish Prasad for several important
discussions which proved most helpful in clearing up some of the
difiiovlties T had met during my work ; much also *o those Gavernors,
Ministers and Commissioners who received me on my journey and
gave me the benefit of their knowledge and wide experience of their
Provinces, 1 have to thank also Mr, N. C. Mehta and the Staffs of
the Seeretariat, of the Agricultural Departments, Collegey and
Esperiment Stations, for dealing with my numerous enquiries and
furnishing information which often took some time to collect. 1’arti-
culatly I wish to thank Sir Bryce Burt and Dr. Burns for mueh help
ungrandeingly given on innumerable occasions and for placing unre-
scrvediy at my disposal their extensive knowledge of Indian agvienl-
ture. T am much indebted also to the ‘‘ Review of the work on Crops
and Soils "—the ¢ Brief "'—prepared at the Secretariat, which
peoverd most helpful both on the journey and during the preparation
of the Report. Since my return to England I have received much
nsetw] help in resard to statistical matters from Mr, E. J. Turner
of 1i.» India Office. :

H30ICAR
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Finally 1 wish to thank my personal staff for their loyal and
devoted assistance during the whole of my period in India : especiaily
Mr. R. L. Sethi, my Secretary Adviser, who accompanied me on the
long tour which lasted with only two short breaks from the bexinning
of November, 1936 to nearly the end of March, 1937, during which
he was responsible for the travel arrangements and for reducing
thke programmes a¢ each centre to manageable dimensions, 1llis
knowledge of the schemes and of the men greatly facilitated the work
just as his kindly and indefatizable helpfulness lightened the journcy.
I record also my appreelation of the services of Mr. Kasturi Lal,
my stenographer, who, under the most trying circumstdnces, never
failed me.

I am Sir,

Yours obediently,

B. J. RUSSELL.
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Terms of Reference.

ST

1. Generally, to report as to the manner and extent to which
the Kesearch Council has discharged its primary duties of eo-ordi-
pnating and promoting agrieultural research in India so far as it
relates to plant industry, to comment on the value of what has been
accomplished and to suggest directions in which improvements may
be eficcted.

2, To, draw attention te any important lacunge in Council’s
present regearch programme and to any undesirable overlapping.

3. o advise on the most promising lines of future development
having repard to recent advanees in secience.

4. To advise on the policy to be followed regarding schemes
nov. in operation, and which of them should be renewed at the end
of their term.

5. To advise which of the schemes now on the ‘ wailing list’
should be financed and which should zive way to mew schemes
(Page 4 of introduction to ‘‘ Brief ).

6. To comment on the present working of individual schemes
(or groups of schemes) and to suggest improvements,

7. To report how far the dissemination of sciertific and teehni-
cal information, not only in regard to results of research, but also
with regard to agricultural matters in general can be improved in
order that the results of scientific work may be applied in ryots’
practice and to advise what further steps are desirable to thiy end.
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REPOPT ON THE WORK OF THE IMPERIAL COUNCIL OF
AGRICULTURAL RESEARCH IN APPLYING SCIENCE TO
CROP PRODUCOTION IN INDIA.

Introduction.

The improvement of Indian agriculture has been atiempted by
niany Governments over a long period of years and by a variety of
nmiliods, Inm the first instance Western methods were introdues: on
the assumaption that as they had succeeded in the countries of »heir
orizin they would also suceeed in India. Notable examples waia the
bEriaging in of twelve American co‘ton planters by the Bast lndia
.Cnmpany in 1839 to show how cotton should be erown, and the
importation of steam ploughs and a battery of implements by the
Madras Government in 1864 to show how the soif should be culti-
vated. In gencral these methods failed. Next followed a period
of scarching for some general policy or system of organisation :
Litle was actually accomplished, but there was much discussion
whieh no doubt paved the way for future action. Finally it was
recognised that Indian agrieulture constituted a problem of its
own ; it ecould not be modelled on  any ather system but mnst be
cgeveloped to aceord with the natural eonditions of the country und
the requirements of its people. The best hope for improvement lay
in the scientifie study of these conditions and in experiments 20
diseover agricultural practices that would best suit them.

This econclusion was reached only slowly and as the result of
pressure of evenis rather than of deliberate planning. The Famine
Cemmission of 1880, set up to find some practicable means of avoiding
fumines or at least of mitigating their worst effects, was the first
bhody seriously to study possible methods of improvement. Definite
action began a few years later: in 1889 Dr. Voeleker was invited to
India to advise on the steps to be taken ; in 1892 Mr. James Mollison
was appointed as Technical Deputy Director of Apricnlture for the
Bombay Presidency and hegan making field experiments; Dr. JJ, W.
Leather came out as agricultural chemist to the Government of India,
for the improvement of agriculture was then regarded as a matter
more for chemistry than for any other science. Meanwhile, however,
pressure of another kind was being exerted: sugar cane diseases were
causine much loss.to enltivators in Madras and in 1898 Dr. Barber
was bronghs from the West Tndies to Madras to deal with them; by
a stroke of genins he adopted the idea of seleetiny or prodneing
disense-resistant varieties and achieved such remarkable success that
the whole current of Indian agricultural science set for many yenrs
i the direction of plant breeding or geneties. These various activi-
ties rthewed that definite advancement eould bhe achieved op seienrifie
lines and when in 1901 another Famine Commission had to be set up,
it had more definite erounds than its predecessors for insisting o0 the
nocessity for the establishment of promerly organised agrienltnrel
departicents in the Provinces capahle of applying scientific methods
to {he improvement of arriewlture. and. as the principle had by this
time been widely accepted elsewhere, it is not surprising that Lord
Curzon’s Government speedily took action on the Report.
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The reorganisations that followed included the strengthening of
the Departments on the experimental and scientific sides, the cstab-
lishment of Agricultural Colleges, of the Central Research Station
at t'asa, and other organisations for the purpose of providing sound
mformation about Indian soils, crops and animals on the basis of
which the Departments might find solutions of the problems con-
fronting them. The position was made more definite by the Guvern-
ment of India Aet of 1919 which put upon the Provincial Depart-
menis the main responsibility for agricultural development bt
reserved to the Central Government the right to promote research by
means of Central Institutes and other agencies, and gave also to
the Central Government the power to deal with-animal and plant
diseuses,

Then came the Royal Commission on Agriculture in India
of 1926 which may fairly be said to have inaugurated a new era
in the life of the Indian countryside. The Commission recognised
clearly that the problem of improving Indian agrieulture was really
the problem of improving Imdian village life, and that this must be
studied as a whole. Its far-reaching conclusions, set out in iis
Report in 1928-—the most comprehensive account of Indian agri-
culture yet published—have not been allowed to remain in abeyance.
Roports are issued periodically showing *‘ the progress made in
giving effect to ths recommendations of the Royal Commission.”
More important still, the chairman of the Commission has becomne
the Viceroy with the declared intention of ameliorating the Tlot of
the present, a poliey, which as I found everywhere in my journeys
is warmly appreciated in the villages.

The conditions are thus extremely favourable for the applica-
tinn of science to the problems of Indian agriculture. The Provin.
¢inl Departments have already achieved valuable results and have
£ully justified the eonfidenee reposed in them from the outset. But
scicree knows no boundaries; its pursuit ig costly both in time and
in money ; and the more highly it is developed the greater becomes
the meed for co-ordination, The Royal Commission foresaw this
neeessity and set up an Imperial Counecil of Agrienltural Research,
whese duty it is to give the lead and to co-ordinate wherever this is
necessary but not to interveme in Departmental affairs. It derives
it~ authority from its personne], from the faet that it makes grants
for approved investigations, and from its record of successful
achievement.

One of the conditions }aid down was that the Council’s activi-
ties should periedically be reviewed by some disinterested expert
and the honour of being the first to do this has fallen to my eolleacne,
Dr. N. C. Wright, who is dealing with Animal Husbandry, and my-
self.
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CHAPTER 1.
~ The Stages in Agricultural Improvement.

The purpose of agriculture is to obtain food and raw produects
by the cultivation of land, and its distinctive feature is that the
process can go on indefinitely without deterioration, in contra-disiine-
tion to the exploitation of mineral resources which is possible only
onee.  The agricultural scientific services are set up with the double
purpose of educating the eultivator so that he may better understard
the natural forces with which he is dealing, and of increasing his
means of attacking the serious problems with which he is confronted.

The system of agriculture followed in large parts of India is
very ancient, and was formerly very wide spread : it is fundamentally
the same as that followed for centuries in England—indeed almost
until our own time. It is based on tie produetion of grain for human
fuod, fibre for eclothing and oil for burning, but it makes little provi-
gion for animal food except the straw or stalks of the grain erop and -
stich wild vegetation as may be available for grazing. In the east,
as in olden time in the west, the source of power 1s the bullock, whieh,
theretore has to be given the first choice when fodder is searce ; *he
supply of milk and of meat is consequently limited. The system has
two great advantages : permanence, for apart from actual removal
of the soil by {lood cr other ageney there is no reason why the system
should cver fail, and economy. Some eleven persons are sustained
per ten acres of land while on the modern western standards and
gystenis more than double this area is needed. Dut against this are
the prave disadvantages that the yields are low, comsequently the
villages remain poor ; and the standard of living is low ; the diet
provided is almost entirely grain, it lacks variety and is poor im
animal products.

The change from the angient to the modern system took some 70
years to accomplish in the west.

There i no oceasion to despair of its acecomplishment in India.

The Indian ryot compares favourably with any of the peasant
poprlations T have met in different parts of the world. T visitad
many indian villages and spoke with numbers of the inhabitants
both in their eottages and on their holdings. It is no mere form of
words, but a faet, that the weal‘h of India lies in the villages.
Repeatedly in my journeys I came across men and women doing
good, useful work in the towns or the Colleges, and on enguirings
their origin found that they had come from villages or were only
one generation away. ‘‘ In the keeping of village’’, as Tagore
reminds us, ‘‘ lies the eradle of the race ™.

The improvement of village life is probably the greatest nved
in India to-day. In this first part of the Report I deal with the
ways in which science has helped and can still further help in this
work, with special reference to the aetivitieg of the Imperial Couneil
for Agricultural Research. lLater on I shall refer to some of the

difficulties in the way.
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There are three stages in the application of science 4o the
problems of village life. In the first instance the science must be
well founded: the facts and principles must be elearly proved and
their consequences well thought out. This work is never-endine :
each generation seeks its ¢wn proofs and soon discovers that ile
gupposed facts and principles of its predecessors are only partly
true. Further work is dome, more discoveries are made and new
prineiples enunciated, enly to be displaced in their turn. Scientifie
investigation consists in making suecessive approximations to 1 Truth
that can never be attained by human heings.

But tbere is always a great deal in Science that ig sufficiently
nearly estahlished to be useful *o men and women in their ordinary
daily labours, end much work is dome in trying to find practicabie
means of applying the results of seience to the problems of viliage
life. This requires a different type of mind from that of tie dis-
coverer, and only rarely is the purely scientific investigator capable
of doing it effectively : frequently he has no desire whatsoever to
do it. The story of the professor. who at the end of a long intellee-
tual career thanked Heaven he had never done anyihing useful may
be apreryphal, but it embodies a great truth. There is no advantage
in attempting to ‘fuse scientific discovery with scientifie exploitatien :
separate staffsy und separate organisations are needed.

When the application has been worked out the eultivator stiil
has to be persnaded to adopt it. This often takes a long *ime and
the cultivator is abused as slow and conservative because he does
not change his methods more rapidly. But it is frequently impossi-
ble for him to do this. Ilis unit of time is a year ; *“ Safety First ”’
must always be his guiding prineiple, and methods known to give
subsistence to himself and his family cannot possibly be disearded
nnii] the superiority and practieability of the new ones are eslab-
lished beyond question. Even when he is convinced of their
advan*tare he may still lack the means fer adopting them. Further,
he thinks in terms of his entirve system of cultivation and an isolated
process, though good in itself, may not fit well in with his genecral
management. This extension work, therefore, requires something
more than eduecation and propaganda for the mew methods, it in-
volves much adjustment of the new methods to the actual condi-
tions and systems on the cultivators’ land.

The first stage—the gaining of knowledge.

This is so distinet from the other two that there is no advantace
in trying to eombine them. It is best done by men for whom the
search is itself the end and the reward, and who are surrounded
by voung helpers animated by the same spirit. A few can hLnve
their own Institntes, but in the main the Universities are the places
for the work. The Council has recognised this and has made crants
for investications of purely scientific interest but of some agricul-
tural bearing. This limitation is in my view unnsecessary : the
scope of the gran* should be widened to include all subjects funda-
mental to the seience or practice of agriculture, providedl always
that the Council ix satisfied as to the quality of the research work
done in the laboratory concerned and that the subject proposed for

Y
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a grant is the major study of the workers there. The uoility to
malke scientific discoveries is just as personal a matter as the ability
to pant a grea! piclure or to compose a great poem : it is quite as
rare a gift, and while it may Le fostered it cannot be created. The
best help that eould be given to the experiment stations would be
to ensure that some of the staff had had a period of serious iraiuing
n a laboratory where really good scientific work was being duvne, no
maiter on what subject. The vitally important thing is the train-
Ing, and for this it i1s the man and unot the subject that couuts.

Science is advancing all over the world, and it is certain that
the knowledge required for agricultural improvement will be obtained
somewhere and will be announced to all who are interested : the
great need in India is the better training of men. The advaniage of
removing the present limitation would be to bring ints the scheme
some of the best of the Indian laboratories, which at preseni 1aice
no part, such as those of Professor Sir Venkata Raman, Meghanad
1\_. Saha, Birbal Sahni and others where the scientific work is of a
ligh standard such as would bear comparison with any of the labo-
ratories of the West. A student taking part in some gvod work in
one of these laboratories would imbikte the true research spirit and
Incidently would learn 4o avoid the common but very serious faul's
of diffuseness of programme, uneritical aceeptance of methods and
conelusions, and frasmentation of publications.

I recommend, therefore, that the Council should allocate a defi-
nite sum annually for grants to +he Universities to be used for the
appointment of research assistants to men activeiv engaged in
scientifie research, and that there be no limitation to subjeefs of
agricultural bearing as at present. Any of the assistants who proved
snceessful eonld if they wished be absorbed in the service, but even
it they were mot the Counecil would still have the satisfaction of
knowing that it had contributed to the development of rescarch
schools in India.

The second stage—tbe Agricultural Experiment Stations,

The purpose of the experiment, station is to apply the methods
and results of science to the present day problems of the ecultivator.
Ltesponsibility to the present generation must be recognised : refare
should not be taken in the pious hope that practical results may some-
how and some day emerge from the work. This ig widely recognised
in ¢he Stations I visied and the programmes were in general on use-
ful lines though they were often too ambitious. Three weaknesses
are fairly common. The work is frequently too diffuse—a fault not
confined to experiment stations ; when this happens the results lagk
defini*eness. In many cases the work is confined too much o the
laboratory and the pot enlture house : the field and the growin: €rop
should be the centre. Almost always it is restricted to the experi-
ment station - test experiments should be earried out on other 50ilg
and at other centres not too far removed, so as to ensure that all
factors coming into play are recognised.

Tn view of the fact that Indian experiment stations have been
functioning for so many years it seems at first surprising that so
little of the work done has found its way into the general body of



6

agricultural science as expounded in the standard treaties. It is
comparatively rare to find references to Indian investigationy in books
published outside India. Probabiy the chief reason is the widespread
Indian praetice of publishing the results in a large number oi small
eonmmunications, many of which are uneritical and unimportant
having the characier ruther of journalism than of serious scientitie
literaiure. Research demands that a man shounld think long and care-
fully about it ; hurried and scrappy publication prevents him doing
this. it would undoubtedly enhance the dignity and reputalion of
Indian secience if the leaders would combine to stop this framgenta-
tion, and encourage only the publication of serious ecritical papers
where the work has been properly planned and the results fully con-
gidered. Good memoirs compel attention and gain recognition wher-
ever and by whomsoever they are published.

There is a considerable amount of good work in this vast mass
of publications and it would be unfortunate if it all passed into
oblivion. The best wuy of saving i would be the preparation of
critical monographs, each by a speecialist having thorough knowledge
of his subject and able to gssess the value of scientific evidenve, sum-
marising the results obtained, pointing out elearly where they difer
from those recognised in the regular treatisés and in what resj.ccts
they represent advaneces in knowledge. These monographs woull be
of preat value to teachers and to experimenters in India, and if well
preparcd they would be taken wzeriously by all agricultural research
institntes ; they would not only show what has been achieved in inidia
but would also eause other stations to examine any discrepancies
between the Indian results and their own.

- The third stage—extension of the resultz to the cultivator.

The great need at the present time, however, is the wider and
. fuller use of existing science rather than the development of new
scicnee. Repeatedly 1 was told at the Experiment Stations that their
yields were approximately 50 or even 100 per cent. greater than
those obtained by the surrounding cultivators. There remains a
great gap +o be bridged between what can on present knowleidgs he
accomplished, and what is actually being done by the cultivators
An enquiry should be made into methods of propaganda and some
of the more efficient of them should be more widely used.

The present method cons’sts largely of arranging demounstra-
tions on cultivators’ plots. A new variely is sown alongside of the
loeal variety so that the villagers may see how the new and the cld
compare ; or part of the land is cultivated with a new plough and
part with old one. TFer an individual comparison a single plot suffices
provided it is well enongh chesen and no _acci@an-ts happen. Bat
for a group of improvements such as distinguish the experiment
stations from ‘he rvot’s holding, the single plot is inadequate, and
an entire small holding would be better.

The two methods should be regarded as mutually @pplemeptary:
¢he single plot has the merits that it s easy q,nd inexpensive in
operation, while the holding gives much faller information but is

R
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CHAPTER 2.

The crops—(a) The Cash Crops.

~ The eommon erops of India fall into two groups : those grown
chiefly for sale, which we may cail the eash crops, ineluding cotton
and other fibres, sugar cane, some of the wheat and oil seeds : und
erops grown for food, especially riee, juar, ete. The two groups
need entirely distinet {reatment. For the cash crops quality is an
importants factor, but it is impossible to detine fully : the simplest
and surest way is to obtain valuations and comments from expert
buyers. For food crops, on the other hand, nu'ritive value is more
important, and this should be assessed in association with medical
experts.

The cash crops.

One of the most remarkable features in modern Indian agricul-
ture is the inerease in arca under cash erops compared with that
under food crops. The areas under cotion, sugar cane and wheat,
have risen, corresponding with the increased arca under irrigation,
and the increase has kept pace with the increase in population. (n
the other hand the acreage under food erops show much less rise,
and, it the figures can be accepted, the acreage per head of popula-
tion has actually fallen. India possesses two good examples of
research stgtions devoted to eash erops in each of which this im-
portant guestion of quality is in my opinion properly attacied :
the tea research station of the Indian Tea Associdtion at Tocklai,
and the Cotton research station at Matunga, near DBombay. The
Tocklai Station is the more complete in that it ineludes in ths one
orgarusafion both produacers and buyers, and it has devised special
means of keeping close toueh with both. The experimental samples
of tea are submitted to expert buyers in Caleutta and in Lendon
for valuation and report : while at the other end of the chain ¢on-
siderable efforts are made to discover and to studv the problems of
the growers. Thus the staff have authoritative information as to
the effect of the various practices on quality, and *hey can ensure
that all of their results are known fo, and can be used by, the whole
body of the growers. The station is described on page 150.

The Cotton laboratory at Matunga works closely with the
Bombay mill owners and experts, and is concerned chiefly with
reducing the mill owner’s rather undefined requirements to terms
and quantities that can be handled by plant breeders. Tt is closely
linked through the Indian Central Cotton Committee with all the
Departmental Cotton breeding stations ; the Direetor has a volee
in determining their programmes-—in so far ag they are financed
by the Committee-—and they have a volce in his. The eotton experi-
mental field station at Indore is rather far away, a disadvantaze,
hut one that ig entirely unavoidable. becanss tlhe conditions af. Indore
are suitable for field work while those at Matunga are not ; and on
the other hand, Matunga is near to Bombay where the staff can
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keep close touch with the mill owners. As cotton does not come
w;thn} my purview I am not deseribing this Station, but its genoval
organisation seemed to me to be very good.

The Council have endeavoured to make similar arrangements
for sugar cane. The breeding is done at Coimbatore and the selec-
tions <o suit the cultivator’s requirements are made at various sta-
tions in the provinees : but a Sugar Technological Research Institute
has been set up in the Harcourt-Butler Technological laboratories
at Cawnpore (p. 103) where guestions of quality, as the factory
understands the term, ean be stud’ed. A Sugar Committee is to be
set up, on somewhat similar lines to the Cotton Committes, which
can tuke cognisance of all problems, economie, seientifie and techni-
cal, associated with the growing of sugar cane and the production
and marketing of the sugar. As soon as this arrangement ligs had
time to settle down to good working order it should prove satisfac-

tory.

The arrangements in regard to barley grown for export are also
somnd. The samples are produced at various stations in Northern
India, and then submitted to the Institute of Drewing, Loudun,
where they are examined by experts having full knowledge of the
requirements of the malting, brewing and distilling industries, and
are reported upon in detail.

On the other hand, the arrangements for wheat and for rice do
not appear to me to be so satisfactory. Investigations into cquality
of rice are being made at several centres, but there is no delinition
of what is meant by quality : there is no refercnee to expert buyers
for market valuations or to medical authorities for grading accord-
ing to nutritional standards. If a chemist is given a scries of vices
placed in a definite order based on some specific properties he may
be able fo find relations between composition and grading though
it is always diffieult *o distinguish the true casnal relations from
merely fortuitous agreements. DBut if he has no guidance it is very
diffieult for him to get much out of his esxaminations. I'or a
complex product like a seed the chemist can institute comparisons
but he cannot so easily give absolute deseriptions. For both these
crops it is important 4o decide whether ‘ quality *” is to mean nutri-
tive value or desirability in the market ; if the latter, in which
mariet ; and to arrange the work accordingly. If market value
is intended then some arrangements shionld be made with the buyera
—an Indian group for the Indian market and a London group. ror
the English market—lo eontinue and extew] the help already gmiven

on oceasion to Sind and Punjab.

Sugar.

The Council can justly claim ecredit for great suceess in its
activities in connection with the produetion and utilisation of ihe
sugar cane erop. Since it began its work the area under eane has
increased considerably and the old native canes have been largely
surplanted by new varieties. The data are set out in Table 1.
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TasLe 1. .
Sugarcane Crop. '
Acreage and production during 1935-36(1).

! Area (in acres). Yield (in tonas) of

Raw sugar (Gur).

Provinces and States. — A v e —— .

» Current | Avcrage | Current | Average
year. of prece- year of preced-

1935-36. | ding five | 1935.36. | ing five

years. years.
Uns,l:»e:l )Provinces (including Rampur 2,249,000 | 1,597,000 | 3,336,000 | 2,083,000

ate).
Punjab .. . .. .. 473,000 446,000 368,000 336,000
Bibar and Orisea .. .. . 465,000 313,000 668,000 371,000
Bengal .. . . .. 325,000 224,000 560,000 330,000
Madras .. . .. - I3LU00 . 114,000 360,000 322,000
Bombay (including Sind and Indian 121,000 89,000 313,000 256,000
States).
North-Weat Frontier Province .. 58,000 49,000 63,000 55,000
Apsam .. . . . 35,000 32,000 35,000 33,000
Central Provinces and Berar .. 30,000 24,000 49,000 39,000
Delhi . .. - ‘. 3,000 4,000 3,000 2,000
Mysore .. .. . .. 50,000 38,000 53,000 36,000
Hyderabad o .. . 59,000 38,000 99,000 60,000
Baroda .. . . . 3,000 2,000 3,000 3,000
Bhopal (Central Indis) .. - 5,000 (3) 5,000 (@)

007,000 | 2950000 | 6,905,000 i 3906,00

(a) Not available,
(b} Exeluding Bhepal
The increased acreage is mainly in the old sugar growing dis-
tricts, there being but little opening up of new regions, and the
total area still remains relatively small, only 4 million acrex in
British India out of 227 million acres cultivated—nevertheless its
importance is out of all proportion to the area it occupies. So far
as the cultivator is concerned sugar cane has a valuable educational

(1) From Department of Commereial Intelligence and Statistics in Indian
Trade Journal Supplement, May 21st, 1936.

H3CICAR . c
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effect : he learns the advantages of modern varieties of crops. of
fertilizers, of proper cultivation ; the need to wateh for plant dis-
cases and to seek advice when he is in difficulties. The Agricultural
Officer has more chances of coming in touch with a sugar czane
grower than with an ordinary small cultivator. From the national
point of view India is a heavy consumer of sugar(!), standing
second among the nations of the world, and being surpassed only
by the United States (Table 2).

TapLE 2.
Consumption of sugar : in 1,000 metric tons : raw sugbr value.

1934-35.
United States .. .. .. o 5,870
British India . .- .. . 3,350
United Kingdom .. . .. . 2,283
' Total—World .. 25,192

(Tables 1, 2 and3 are from Indian Trade Journal : Supplenient,
May 21st, 1936. Gur is converted into sugar according to the ratio
100:60. Where, however, the gur is eaten as such, which is the usual
course in India, the conversion factor is more like 80 than 60 so that
the Indian consumption given above i3 actually too low.)

~ An assumed and abundant supply of sugar is essential to
[ndia’s happiness. Most of it—some 80 per cent—is eaten as gur
which is all produced in India. Much of the white sugar used tc be
imported : in 1929-30 the import was 939,600 tons ; but the Indian
production has risen so high that imports have fallen to 23,000 tons
only in 1936-37 (Table 3).

TaBLE 3.
Production in tons,

Production in tons. 1934-35. 1935-36. | 1936-37.

Tons. Tons. Tons
Estimated.

Sugar (from Cane) .. - .. 578,115 912,100 | 1,031,100
Bugsr (from Gur) ., .. .. .- 40,000 54,600 40,000
Khandsari sugar .. .. .. .. 160,000 125,000 125,000
Total sugar produced . . 768,115 | 1,091,700 | 1,196,100

Total sugar imported .. .. 222,900 201,200 23,000

Net production of Gur (estimated) .. .. 3,602,000 | 4,105,000 | 4,372,000

(*) Including gur.
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From its ineception the Council gave a prominent place in itz pro-
gramme to sugar and it was thus able to provide the technical in-
formation mnecessary for implementing the Government’s deeision to
foster the production of white sugar in India.

The programme was in three parts :

(1) The selection of canes better suited to the important sugar
growing districts than the existing loecal varieties, and
the improvement of their cultivation.

{2) The improvement of the local methods of making gur.

(3) The development of an advisory and research service for
the sugar factories,
fhe selection and breeding work has been very successfully
accomplished, The existing plant breeding station at Coimbatore
was strengthened, and the imvestigations on the breeding of sugar
cane so well started by Dr. Barber have been ably developed by Rao
Bahadur Venkataraman, who has invented many devices for over-
coming the numerous experimental difficulties. Provision was made
for eonsiderable experimental work to be done in all of {he Provinces
and several of the Indian States. Experimental farms were sel up
at Shahjabhanpur by (. Clarke and at Muzaffarnagar to serve the
United Provinces where about half ihe sugar cane of India is grown :
the Station at Karnal is so near the borders as to serve a considerable
area also ; while provision was made for experiments at Risalewella,
near Lyallpur and at Jullundur in the Punjab, which comes second
in importance with 0.46 million acres ; at Musheri in North Bihar,
Patna in South Bihar, which together have nearly as large an area
{0.44 million acres) ; at Dacea in Bengal {0.28 millon acres) and
Gudiyattam im Madras. The experimental scheme, however, was not
related to the area under erop in the provinece, for some of the most
interesting work is done at Padegaon in Bombay Presidency, which
has only a2 small area of sugar cane (79,000 acres) and at Hebbal
Farm, Bangalore, Mysore State, where area of cane is very small,
Beside the plant breeding on the classical lines proce:ding at
Coimbatore, a special methed involving mutilation or destruction of
some of the chromosomes by X-rays is being tried by Dr. Badami at
Bangalore, and whether this produces better sorts or not it promises
to give new material of possible value for the breeder. Ilis experi-
ments should certainly be continued.

Although the breeding of cane is usnally regarded as necessarily
restricted to the South it could if necessary be done to some extent in
parts of the North : viable seed has been produced at Musheri, near
Pusa (Bihar).

This breeding and selection of came is necessarily a slow busi-
mess : 7 years elapse between the production of the new seed and the
time when the new variety is fully tested and made availabls in suffi-
cient quantity for distribution to the recogmised farms from which
it can be spread far and wida

At present the selection is [argely mechanieal and it is poessible
that valuable new sorts may be overlooked and lost.” The risk is mini-
mised by making the test independently at a number of staiions, but

o2
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it eannot be avoided till the Central Institute is able to find a really
first elass geneticist who could substitute proper scientific tests for
the present mechanical ones. Meanwhile the work is being so well
done that I have no suggestion to offer for its improvement. The new
canes are so successful in praetice that they are rapidly ousting the
old ones(1). The improved varieties oceupy a large proportion—noe
less than 74 per cent—of the area under sugar cane : this being
larger than for any other e¢rop : out of the 4.14 million acres «f sugar
cane grown in British India in 1936-37, 3.07 million are stated to be
under improved varieties,

The experiments on cultivation, watering and manuring are near-
ing the completion of the first series. At an early period the results
should all be brought together, along with the analyses of the soils,
and examined by a small group of experts, including a statistician, a
501l specialist, a physiologist, and an agriculturist, to see what cunclu-
siuns ean legitimately be drawn and how far these agree with, or why
they differ from, conelusions deducible from other good experiments
made in the provinee. A new scheme of experiments should then be
proposed for the second series. These should include practicuable eom-
binations of variety, irrigation, manurial and cultivation treatments,
designed to give useful and trustworthy information without waking
the agricultural work and the recording too difficult. The statistician
Mr. Vaidyanathan, is now at Rothamsted studying this type of design
and full details will be discussed with him.

At an early stage a much simplified form of experiment should
be tried on eultivators’ land. Conclusions drawn from experiments
at a regearch station are greatly strengthened if they are confirmed
on other farms also ; and if they are not this shows the existence of
seme other factor playing an important part and needing investiga-
tion.

Considerable loss is caused by insect pests ; pyrilla and borers
are mentioned speeially in some of the recent reports. Investigations
are proceeding but the field work needs further developing ; at each
experimental centre close wateh should be kept of the inseets on the
eanes. This should not be confined to the bad attacks : it is at least
as important to observe the early stages and to record the attacks
that began and then died down. Knowledge of the conditions under
which attacks beeame more intense and of those under which thev Jdiad
down, would form a snlid foundation on which preventive or remedial
rucasures could be devised. In view of the seriousness of the losses

it is desirable to obtain the services of a visiting expert to discuss
methods of eontrol {page 219).

TUtilisation of Molasses.

Closely associated with the sugar cane problems is the untilisa-
tion of molasses, the amount of which has increased greatly during
recent  years. The Director of the Imperial TInstitute of Sucar
Technology, Cawnpore, has favoured me with figures showing the
production and imports of molasses into India (Table 4).

(1) Indian Trade Journal Supplement, May 21st, 1936,
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TasLm 4.
Production and Imports of Molasses into India.

Production. Available for Consumption.
4 - Bl s A Al
—_ Vacuum ! Exclud-
Pan Khkandsaerisy, Total. | Imports. Total. ing
Factories. Khand-
saris.
* Tons. Tons. Tons, Tons. Tons. Tons.

8 years preced- 30,000 50,000 80,000 93,354 | 173,354 123,354
ing war.

1930-31 .. 08,645 200,000 268,645 102,024 370,869 170,669
1931-32 .. 115,808 250,000 365,808 40,191 405,999 155,009
1932-33 .. 186,668 275,000 461,658 31,991 493,649 218,849
1933-34 .. 230,154 200,000 430,154 2,401 432,656 232,555
1934-35 .. 255,817 150,600 405,817 415 406,232 256,232
1935-36 .. @ 368,028 125,000 494,028 .. 404,028 369,028

A substantial part of the Khandsari molasses is converted info lew
grade gur hy reboiling with sugar cane juice and somethine. like
175,000 tons of the factory molasses is either converted into alcohol,
used for tobacco curing, or direefly consumed. But there 1cmains
the problem of finding some way of utilising the remaining 200,000
tons.

Various possibilities are discussed on page 109, they fall inte
three groups : conversion into food (ineluding yeast) for ‘human
beings or for animals ; the making of fermentation produets such as
industrial aleohol(1), acetic aecid ; and industrial utilisation as fuel,
road surfacing material, fertilizer, ete. Of these I regard the first
and seeond as the most important and the third as least important :
it scems unfortunaie to divert so much potential foed to other pur-
poses. The problems will become less vrgent when the Indian sugar
factories have attained the same high level of sugar recovery as the
Java factories.

(1) The quantities of low proof alechol produced in India during 1936-37
are cstimated to he (—
Million gallons.

Potable .. . .. ‘e v 6-8
Rectified e . .- .. 0-4
Denatured .. .. e .. .. 2.3
Beer and stout 1.2

Total . 10-7

For purposes of comparison it is interesting te note that the quantity of peirol
roduced in India and Burmah is 91 million gallens, most of whick js consumed in
ndia,

v
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The Making of Gur.

Progress has also been made with the improvement of manufae-
sure of gur in the villages though this task presents greater difficnlties
than the introduction of new varieties. 'The plant is usually hired
out by the banya to the cultivators, or if the crop is new to the dis-
trict the enterprising individual who introduced it may set up to
make the gur. Many ol the village mills are very inefficient, leaving
behind in the bagasse a considerable amount of sugar—often as much
as 20 per cent. of the total quantity('}. The evaporation of the
juice in an open pan is inefiicient, but as the trash and bagasse are
both available as fuel the loss is not particularly Important. -The
gkimming of the concentrated juice varies greatly in effectiveness,
resulting in a wide range of guality of the gur, and there is little
attempt at clarification, except in a few regions where hibiscus is
used for this purpose. Improvement in the mills would be perhaps
the easiest to effect, and wounld result in considerable economy.
Special attention is being given to this. 8Still greater improvement,
if it eould be brought about, would be to set up village factories with
efficient mills for extracting the juice, vacuum pans for evaporation,
and arrangements for clarification by filtering through charcoal : in
this way higher yields and better qualities would be obtained. The
banyaes are usnally good business men with some eapital, and it is pos-
gible that, if suitable plants ‘were available, they would purchase
them. The problem appears to be one for a good firm of cngineers.
but in the meantime experiments aided by grants from the Counecil
are being made at the Sugar Research Institute, in the Punjab.
Bihar and Orissa, and in Bengal, with the purpose of trying to
improve the making of gur.

The SBugar Factories.

The Couneil from the beginning recognised the necessity for a
good rescarch and advisory serviee to assist the factories in the pro-
duction of white sugar and they set up an Imperial Sugar Research
Institute at Cawnpore, housing it in the Harcourt Butler Technologi-
cal Tnstitute. Here a semi-ecommercial factory unit was established
to furnish the staff with information and with opportunities to design
or to test technieal processes ; the expert in charge acts also as
adviser to the factories. This section is evidently succecding. The
need for the work is shown by the wide variation in recovery of
sugar at the different factories—from 4.4 to 11 per cent. of the cane,
the general average being 9.5 per cent.{2),

The proposed Sugar Committee could appropriately fake over
the Sugar Rescarch Tnstitute.

(1) The difference in efficiency between the village process and a good
factory ir shown by the fact that from a given weight of eanc the factory obtains
as mueh sugar (994 per eent, purity) as the villaper obtains gur (80 per cent.
purity). Tn both cases the amount of product obtained is about 10 per cent. the
weight of the cane (page 102). The figures are :—

Per cent.
Gar .. . .. ‘. ..
Factory Sugar .. .. .. e %.5
Khandsari Sugar .. 5.5

2 (2) This compares with 5.5 per cent. recovery where Khandsari sugar is
made. - '
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TasLe 5.
Areas of land under different crops in British India.
Thousand acres—British India,

ij 1915-16— | 1920-21— 1925-26—; 1930-31—
1919-20, | 1924-25. | 1929-30. | 1934-35,
Net area gown . e .- 220,691 221,971 226,410 1 229,051
Irrigated arew .. .. .. 47,391 46,969 47,889 49,870
Area under— ‘
Rice o .. .- 79,331 78,981 79,167 80,367
Wheat . . o 23,604 23,264 24,477 25,677
Jowar .. s .. 21,817 22,669 21,352 | 21,826
Bajra o . .. 13,611 13,454 13,275 ‘I 13,677
Gram . e .. 13,314 14,457 13,609 14,756
Sugar .. . .. 2,797 2,767 2,830 3,233
All food crops including sugar (b) .. 210,614 209,494 208,668 }[ 214,746
Cotton .. .. .. 14,087 | 14,433 | 16,260 14,158
|
Torar—non-food crops .. 42,687 43,776 49,362 i 47,661
Summary.
Thousand acres,

Increase in net area sown .. .- .. 8,360

Inecrease in food erops o .. .- 4,132

Increase in non-food crops .. - ‘e 4,960

TaBLE 6.

Areas per head of population. British India.

_ 1903-04—| 1908-09—- 1913-14—] 1918-19—! 1923-24-| 1928-20—
1907-08. | 1912-13. | 1917-18. | 1922-23. 1927-28.| 1932-33.

\
Net aroa sown, acres per 0-883 0006 0-018 0-879 0-868 |
head. |

Acres under food crope per 0-820 0862 0-873 0-833 0-803 0-786
head.

0-841

Acres under food crope omit- 0-818 0-852 (-862 0-822 0-792 0-774
ting sugar, per head. '

Acres under non-food crope 0-053 0043 0-045 0-045 0085 0-087
per head.

Populationn: Millions .. 237-6 243-8 245-3 2469 2592 271-5
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(5) TaE Foop Crops.
The quantity of food produced in India.

In no eountry is it easy to estimate the amount of food produced
and in India the difficulties are particularly great. The areas under
crops are fairly accurately known in most of the British Provinces
but unfortunately considerable unecertainty exists as regards the
Indian States and the permanently settled districts of the north east,
Bengal, Bihar, Orissa and Assam which amount to about 20 per cent.
of British India. There is now the possibility of an accurate survey
of the areas under crop in Bengal. ,

The guantities of food produced, however, are not nearly so
well known as the acreages. The published figures are obtained by
the use of an old equafion : Production area X standard outturn X
seasonal condition factor. The standard outturn is not the average
vield over a number of years, but the model value over a long period
and so is unaffected by high or low ylelds of particular years. Un-
{fortunately the standard outturn has not been redetermined for a
long while, and it is very desirable that this should be done again :
it involves & mumber of sample weighings. The seasonal condition
faetor can never be muech more than a guess, though if it is um-
biassed and done year after vear by the same officer, and particularly
if he has the opportunity of periodieally checking his estimates, the
results may not be unsatisfactory.

Professors Bowley and Robertson in their Report (page 39)
peint out that methods based on direet cstimates ‘would really be
better.

It seems desirable to make a sample survey to test as far as pos-
gible the accuracy of the present methods and the possibility of
improving them. Professor Mahalanobis has suggested a scheme for
doing this which deserves serious attention.

The official figures as they stand show that the acreage under
food crops, unlike that under ecash crops, has not kept pace with the
growth of population ; on the eontrary there is an actual fall in the
acreage per head. (Table 6). During the period 1908-09 to 1917-18
0.8% acres per head of population were devoted to food erops while
during the period 1328-29 to 1932-33 the acreage had sunk to 0.79
per head. The population had increased by 28.7 millions but the
area under feod erops went up only by 2.6 millions acres, only 0.09
acres per head. The non-food crops, on the other hand, have kept
pace with the population, the aereage per head being 0.044 in the
earlier and 0.057 in the later of the two periods.

The statisties are not good enough to show how muech the total
production of food has varied and whether it has kept up with the
population. TUnless we assume (as some assert) that the villager has
less food than formerly, we can only suppose that the yields have
mereased, and reports from the staffs of the Agricultural Depart-
ments confirm this view,

Almost the whole of the food crops are grain. They are con-
sumed in the country and there is no important export so that
*“ quality ' in the sense in which it exists for the eash crops does not
come into account here. But as they form the dietary of the people
their nutritive value is of the greatest importance.
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The recorded figures for production of all food grains are given
in Table 7(*). These figures in so far as they are valid represent
the amounts of all grains including oilseeds produced in the various
provinces : they can be deseribed as the amounts potentially avail-
able for eonsumption, and while not necessarily the same as the
figures for actual human consumption, they may not in fact he far
out. Some grain is exported from each province, and some is im-
ported. If it is assumed that, on balanee, the total may not be much
affected ; and if, further, the figures aceurately represented the
actual production, they would need to be decreased by the amounts
of husk (iff any}, the quantities lost on storage, and in transport and
saved for next year’s seed : no estimate of these can be made but the
total is not likely to be less than 25—40 per cent. It is, however,
safe to assume that the figures under-estimate the production. Culti-
vators all over the world under-estimate their erops in presence of
an official, and the Indian ryot is not likely to be an exception.
When a direct check was made on the production of cotton the esti-
mates were found to have been 25 per cent. too low. For the food
crops the difference may be of the same or even greater order (2),
This under-estimate offsets the deduction necessary on account of
seed and wastage, and if we assume they balance we obtain the
average quantities of grain available per head per day set out in
Table 7.

TABLE 7.

Production in oz, of all grains, including pulses and oil seeds per head
per day. Cotton seed is not included.

Total grain Population | Total grain ! Nitrogen grams
Provinee. million milliona. oz. perhead ! per head per
tonas. i per day. \L day,

| ! |
Assam .. . -6 | 86 18 | 7

. ! ‘
Bengal .. . 9-3 : 489 19 ; 7

i ‘
Biharand Orissa .. 9-0 | 367 24 1 11

. ]
Bombay .. o 61 20-6 ! 29 16
Central Provinces .. 4-R ! 155 30 i 15

| | |
Madrasg* .. e 10-4 i 46-7 ; 22 11

i : |
Punjab .. o] 5-0 | 236 21 1 12
United Provinces 10-6 6.7 ! 29 ; 13

*Includes groundnuts which forms 20 per cent. of the whaole.

(t) The quantities were supplied to me by the staff of the Imperial Couneil
of Agricultural Research and by Sir Bryce Burt, and the data for composmtion
are quoted from Dr, Avkroyvd’s publieations.

(2) An interesting passage occurs in the Punjub Season and Crop Report
of 1022-23 : ¢¢ The principal exporting firms get fairly good results by assuming
that the wheat outturn is 33 per eent. greater than the official estimate ’’. The
Punjabh Marketing Report, 1935-36, refers to t{his statement and secs mo reason
for supposing that conditions are different now. (Quoted from Report on the
Marketing of Wheat in India, 1937.)

!
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For what they are worth these figures suggest for most Provinces a
production per head per day of about 20-22 oz. of all grains including
pulses and oil seeds whether used for food or not : this would give a
daily calorie value of about 2,000 or 2,500 according to the pro-
portions of oil seeds taken ; and a nitrogen supply of about 12 grams
daily. Bombay and the Central Provinees, however, come out
higher, and -Assam and Bengal lower, especially in nitrogen. The
figures include no vegetables or milk products,

Unfortunately the figures are only very rough. In view of the
supreme importance of this question of food production it is very
desirable that better data should be available and I recommend. that
periodical estimates should be drawn up showing the amount of food
produced.

Another means of approaching the subject is afforded by the
numerous surveys of village dietaries that have been made.

The Punjab Board of Economic Enquiry in 1934 and 1935(%)
made surveys of certain villages and the total quantity of grain eaten
per head per day varies round abount 1520 oz, but for men only
was 20 to 28 according to occupation. Lucas(?) put it 1024
chhataks (about 20.5 ozs.) per head per day. Mrs. Wiser(3) found
about 16 oz. per head was normally consumed in her village. In
south-east Madras Dr. Aykroyd and his staff at Coonoor have made
a survey in considerable physiological detail and caleylated (he
results on the basis not of heads of population but of ** consumption
units ', i.e, the equivalent number of adult men, using the seale
adopted by the League of Nations Health Organisation in 1932.
thongh Dr. Aykroyd points out that there is no evidenee to show
whether their scale is valid for India.*

Taking the ‘‘ cross section ’’ of a village in south-east Madras
bhe arrived at the following dietary per °° consumption unit’'' per

day (4) —
lPercenbage ot i
Protein. Fat. Carbohyd- | Calories. | total calories | Calcium. Phos- Iron.
rates. dorived from phorus.
caroala, :
S | I—
| | | |
' g | g ! : g : £ mgm.,
i | ! |
62-7* 26-0 | 488-9 . 2400 | 87 l 0-31 i 151 | 32-8
| '

*Containing nitrogen 10 grams (conversion factor 6-25),

(1) Punjab Board of Economic Enquiry, Pub. 6 (C. B. Barry), Pub. 40, 1534
(8. K. Singh), Pub. 44, 1935,

(2) Economie life of the Punjab village. The figure of 15 ozs. gquoted
above i3 from C. B, Barry. Rates of Food Comsumption by Non-Zemindars,
Publication 6, Board of Economic Enqguiry.

(8) The foods of a Hindu village of North India, Charlotte Viall Wiser,
Bull. 2, Bureau Statisties and Eeconomie Research, U. P., Allahabad, 1936.

(4) Diet surveys in South Indian villages, W. R..Aykroyd and B. Q.
Krigshnan, Indian J1. Medieal Research, 1937, Vol. 24, pp. 667—688,
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In order to compare these fizures with those in Table 7, it is meces<
sary to raise the latter by approximately one third : the figures are
not good enough to justify a more elaborate coefficient.

It is highly imporiant that these dietary surveys should be ex-
tended so that the actual facts may be known more definitely. The
surveys should be really ‘' sample surveys '’ and not ‘‘ spot sur-
veys "', i.e., there should be some definite method of selecting the
villages to be studied. Professor Mahalanobis is studying this prob-
lem. Two independent sets of data ean be collected :

(1) statements showing the aetual dietaries, which can then
*  be compared with the physiological requlrements as set
out by the medical authorities ;
{2) records of the prevalence of various diseases caused by .
deficiencies of essential nutrients.

1t is unfortunate that the data for food production in India are
somewhat uncertain, but in the meantime if we take the figure: in
Table 7 as a rough approximation of the average quantities avail-
able the question arises : are they sufficient ¥ Dr, Aykroyd is not
yet prepared to lay! down Indian standards but he inclines for the
present to 2,600 calories as the averawe daily requirement of a man,
a value which falls between the 2,200 suggested by Nicholls for an
agrienltural labourer belonging to the smaller races of the Tropies,
and the 3,000 calories deemed necessary in Europe and America for
the average man at average work. It seems a reasonable figure when
allowance is made for differences in climate and in ‘* average work ’’
‘Whether it is really adequate is of eourse a question for the medical
authorities to decide, but the agriculturist, at anv rate, must accent
it till they rule otherwise. Dr, Aykroyd(!) further suggests, as an
average man's daily requirement in India, 65 grams of protein (1o,
104 gramg nitrogen) probably _ f fat, 20 mems. iron, -
some (L6 grams caletum and 1 gram of phosphorus ; but there are
no Indian data as to these elements. He emphasises the importance
of biologieal valne of the proteing and points ont that animal proteins
are biologically more efficient than vegetable proteins ; he suggests
that they should form at least one-fifth of the total protein. Milk,
even skim milk, is the best for growing children, but eggs, fish, liver
and meat are all rood sonrces.

It is possible that the average supplies available approximately
satisfy both the nitrogen and the calorie requirements when allow-
ance 15 made for the fats and gur taken. A more serious defect is
the lack of vitamins, especially of A and B and this is confirmed by
the prevalence of the ** deficiency diseases '’ associsted therewith, e.g.,
keratomalacia eaused by deficieney of Vitamin A ; stomatitis due to
vitamin B defieiency ; low hmmoglobin content due to iron defi-
eiency. Calecium deficiency is also common. These missing elements
can only be supplied by widening the diet and making it include
more milk, vecetables, and frnit. Plantains are among the common-
est fruits eaten, but they have low nutritive value. Tomatces.
oranges and other juicy fruits are much better. 0il obtained from
the fruit of the Red palm (Elaets guineensis), a West African tree.

(1) Health Bulletin No. 23, 1937,
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that could apparently be grown in India, proved to be a valaable
source of Vitamin A, and was therapeutically as effective as ecod liver
oil besides being much cheaper. It is clearly desirable to experjment
with the growth of this tree in India so that the oil may be available
n quantity. Dr. Aykroyd has drawn up an instructive table showing
‘wo dietaries : a common ill-balanced one, and a ‘well-balanced diet
which should be substituted for it(1). The data per consumpticn
unit in ounees per day are :—

—_— Ili-balanced diet. Well-balanced diet,

a

Cereals . .. .. .. 20 15
Pulse .. .. . .- . 1 3
Vegetables—

Green-leafy .. .. . . 2 4

Non-leafy .. . . . 2 6
Fats and oils .. . .. o 05 2
Fruits .. . L . . 2
Milk .. S . . 2 8

The well-balanced diet dees not require more but less cereals
than at present, but it includes more of everything else, especially of
vegetables fruit and milk, and one great need for the food supply is
to inercase the produetion of these three. It is essential, therefore,
tc increase the yield of the staple erops s0 as to liberate land for the
cultivation of these supplementary foods. No  improvement in

‘ quality ’’ of the cercals or pulses will convert the ill-balanced into
a well-balanced dict. T am strongly of opinion that in dealing with
food erops intended for home consumption the agrieulturist should
aim at seenring the largest and healthiest crops possible, but that he
need not concern himself with trying to change their composition.
The amount of alteration possible is too small to justify the expendi-
ture of time and resources that ean hetter be spent in other ways.

The first need in my view is to make a nuirition survey in each
Province 30 as to diseover what are the chief defietencles in dietary :
the medieal authorities should then meet the agrieultural experts to
decide what crops, including fruits and vegetables, should be grown
1o supply the missing elements. The approximate quantities nceded
should be indicated, and the agricultural staffs acting along with the
rural development authorities would then encourage by all means in
their power the growth of these erops.

The nutritiongl survey should not in the first instance be over-
elaborate : in most Provinees there is already a fair amount of mate-
rial, probably sufficient as a first approximation, to allow the agricul-
tural problems to be put in hand. More detailed studies could con-
tinue as part of the Public Health work of the Provinee in relation
to nutrition of children, deficieney diseases. ete.

(1) W. R. Aykroyd and B. G. Krishnan, Indian Journ. Med. Res., 1936,
Vol. 24, p. 731
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The ‘‘ well-balanced diet *’ set out above costs about Hs. o per
month for a growing adult and very little less for growing children :
it is therefore out of the question in many households, but others,
cheaper though not so good, have been suggested(!). The figures
do not suggest marked protein deficieney but Dr. Aykroyd points
out that it is greater than it appears because of the lower efficiency
of the vegetable proteins as compared with those of apimal origin.
From time to thme it is suggested that soya bean would be a valuuble
addition to the Indian dietary, but there is no evidence that it has
any special value and until any is forthcoming there is no point in
trying to develop its cultivation.

These nutritional deficiencies have been studied most fully in
Madras but they probably hold also for most of India including the
Bombay Presidency, Bengal, Bihar and Orissa. In the Punjab and
the United Provinces, ‘where more wheat and milk are consumed, the
problems are probably different.

Dr. Aykroyd has pointed out that the deficiencies of the diet
could most easily be remedied by the inclusion of animal produefs :
milk, eges, fish and meat. It Is diffieult to exaggerate the importance
of increasing the milk supply : Dr. Wright is dealing with this.
From the agricultural point of view the production of meat is the
most costly of these foods, but supplies of fish could probably be in-
creased. The Council already subsidises schemes of fish research at
Calcutta and Madras and there is a strong ease for further develop-
ment.

Much more work should he done on the cultivation of the green
leaf vegetables and demonstration fruit and vegetable gardens should
be set up adjacent to the village where they can receive manure and
water.

The new nutrition officer at Delhi.

Recently a nutrition officer has been appointed to act as liaigson
officer between the work of the nutrition laboratory at Coonocor and
the Apricultural Research Stations at Delhi and in the provinees
This is an admirable development which cannot be too heartily coru-
mended. Where there is so mueh to do 1t is important that he should
begin straight away ‘with the essential problems, leaving the minor
ones to later occasions.

His first duty should be to collect the evidenece obtained by the
medical authorities and other public health workers as to the sfafe
of the nutrition of the villagers and townspeople, and diseuss wiik: the
agricultural experts the best ways of remedying the observed defecta.

It has been suggested that he should study the nutritive vaiues
of the new varieties of cereals and the relation of deficiencies to soil
conditions. 1 do not agree with this view. There are of course diiier-
ences in composition and in nutritive value of different varietizs of
cereals and of cereals grown under varyine soil conditions. These
may be of considerable importanee in techmical processes such as

(1) W. R. Aykroyd and B. G. Krishnan, Indian Journ. Med. Res,, 1937,
Vol. 24, p. 707. ’

5
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brewing, baking, ete., but they are probably of far less importance
in human nutrition. I am very strongly of opinion that the best
varieties fort home supply of food are those that give the largest
yields per acre. The really vital matter is the food value per acre,
not per ton, of produce.

It is particularly importani that the work on human nutrition
should not become diffuse : everything else should be subordinated to
the two vital problems ; what are the deficiencies in the village die-
tary and how best they can be overcome ¢

With the greater part of the Report of the Nutritiona! Advisory
Committee(!) T am in entire agreement.

Rice.

Riee is by tar the most important crop in British India, occupy-
ing 67 million acres out of the 186 million devoted to foml erops :
it is the chief erop in Bengal, Bihar and Orissa, the Central Pro-
vinces and Madras, and it is surpassed ounly by w heat in the Punjab,
the United Provinces and the North-West Frontier Province, and
by jowar and to a less extent by bajra in Bombay. It is also one of
ithe most interesting of Indian grain erops, for being indigenous to
India it occurs in a large number of varieties which differ greatly
among themselves, Among its most remarkable forms are the long
stemmed paddies which grow in deep ‘water so rapidly that they keep
pace with the rising flood during the monscon period.

fome very good work has been done in India on the classifica-
iion and breeding of rice : the foundations were laid from 1913 on-
wards by G. P. Ilector in Bengal and by F. R. Parnell in Madras,
Hector showed that self-pollination was the rule but eross-pellination
also occurred through the agency of the wind : he studied colour
inheritance and worked out methods for artificially crossing riee.
Parnell worked on somewhat similar lines, and ineidentally studied
the errors of experiment in field trials. These investigations have
been developed, and the Council has organised a co-ordinated scheme
of rice research in the Provinces, but especially at Coimbatore
(Madras) under Mr. K. Ramiah ; at Nagina in the United Pro-
vinces ; Chinsnra, Bankura and Dacea in Bengal ; Habiganj in
Assam : Sabour in Bihar ; Raipur in the Central Provinces ; Enrnal
in the Punjab, and on farms elsewhere.

At these stations new strains or varieties are selected to suit the
widely varying conditions of the provinces. The labour involved is
ardonons and is perhaps the most disagreeable that falls to the lot of
any agrienltural experimenter ; it necessitates paddling about in
gum boots in water or deep mud in the hottest part of the year with
no shelter ; leeches and snakes are frequent pests while the stations
are commonly in mosquito infested regions. But in spite of the
difficulties the selection work is well done, large numbers of varieties
and pure lines are examined, and vast masses of data are collected
about their botanical and agricultural properties. The experiments
on cultivation are also good and calculated to give the kind of in-.-
formation the cultivator needs.

(1) Juge 1936,
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The work on manuring, however, is not always up to the same
standard. At some centres it is satisfactory, and properly designed
experiments show how different varieties react to differences In
manuring. But at other centres the experiments are less well
designed and the results are less definite. IFew of the experiments
give really useful information about the effect of fertilizers on the
growth of rice. Yet there is great need for experiments, for by com-
mon consent an increase in yield is very desirable. The rice erop is
peculiar among grain crops in its requirements and conditions of
good growth. A uniform but simple scheme carried out at the
various stalions would give valuable information ; it should include
nitrogenous and phosphatie fertilizers alone and in combination with
and without green manure. I suggest thai the statistician should
colleet the results of the firsi five-year period and set them out in a
form in which they can be fully discussed by the proper sub-com-
mittee with a view to the adoption of a more definite scheme,

There is need also for more work on the water requirements of
the different varieties of paddy in different cnvironmental conditions,
The possibility of making ecomplex experiments including the eflect
of different watering and manuring on two or three varieties, simi-
lar in general type to that suggested for sugar, should be considered.
The diseases problems are important, and 1 recommend that a eriti-
eal summary of the position be prepared so as to puide the Councll in
the allocation of its funds between the various groups of rice problems.

In addition various problems connected with the physiclogy of
the riee plant, and the sourees from which it derives its mitrogen
have been investigated. This work is deseribed on page 178 ; while
it may not lead to practical results it is a good subject for college
investigation, and serves a useful purpose ip the training of students.
It should be kept to the University seetion of the Council’s activities
as suggested on page 5.

*y

At several centres work has been undertaken on ‘‘ quality '’ in
riee. As already pointed out the term is ambiguous and has at least
two meanings ; market quality, which is really commereial desir-
ability ; and wputritive guality, ‘'which relates to value as a human
tfood. The cxport of rice from India proper is so small that con-
siderations of market quality hardly count so far as the export markat
is concerned, though there is an important home market for high
quality table rice which the Marketing Branch is investigating : and
if it sueceeds in defining the grades by some system of marks the
chemist may be able to discover some connection hetween composi-
tion and grading, By far the most important properties, bowever,
are those assoeiated with putritive value,

I recommend, therefore, that the chemical investigations on
¢ quality ”’ of rice be examined by the nutrition experts, and eithes
brought within their ambit or discontinued.

__Some definite actlon seems desirable in relation to the wse of
milled and polished rice which is so strongly deprecated by the nutri-
ticn experts.

The rice crop is peculiar in thdt there are very few possible
alternatives : on the lighter rice soils ground nut, sunn hemp, arhar,
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juar, bajra and maize might to some extent be grown, but on the
heavy soils there are usually no other possibiiities but rice.

The acreage under rice is apparently deeclining. If this means
that other gralns are taking its place as food so that the dietary is
becoming more varied, the change is probably to the good. 1 was on
several oceasions informed, however, that the yields are declining.
No good figures seem to be available but if further enquiry indicated
any basis for the belief jt would be desirable for the Couneil to
arrange for sample surveys to be taken in a region where the decline
is said to be going on in order to obtfain definite informaition on the
matter(1).

Wheat.

The total area under wheat in India during the past five years
averaged 32.1 million acres, of whieh 25.6 million acres are im
British India. It iy concentrated almost entirely in the
North and towards the west. No fewer than 16.7 milion acres
are in the Punjab and the United Provinces (9.0 millicng in the
former and 7.7 millions in the latter, about half in each case being
irrigated, rather more in the Punjab and rather less in the United
Provinees), the rest is in Central Provinees (3.6 million), Bombay
and Sind (2.8 million) Bihar and Orissa (1.2 million) and the North
‘West Frontier Provinee (nearly 1 million acres). Several of the
Indian States, however, have important areas under wheat : the
Central India States, Gwalior, Hyderabad and the Punjab Agency
States, and Rajputana States have nearly 6 million acres between
them, the first four groups each exceeding one million acres. The
total area in British India has increased during the last 20 years
from 23.6 million to 25.7 million, the increase being both on the
irrigated and on the unirrigated land.

The average yields reported for the period 1925-26 to 1934-
35 are given in Table 9.

Table 8. —Average yield of wheat and seed rate (2).

(1 Ib, per acre).
J— Seed Yield. —_ Seed Yield.
rate. rate,

Punjab . .. 50 738 Sind .. .. .o 100 593
United Provincea .. .. 103* 78¢ Hyderabad .- . 66 231
Central Provinces .. .. « B6 444 Gwalior . .. 85 458
Bihar and Orissa .. .. 100 882 (entralIndia .. .. 85 382
Bombay .. .- . 82 447

*1} mraunds per acre,

(1) In the examination of the 38 years’ records of a Bengal rice farm
there was no evidence of deterioration of yield.

(Haskimn Amir Ali, Vishva Bharati Rural Studies, 1934, No. 1.}
. (2) Quoted from Report on Marketing of Wheat in India, 1937, pp. 11,
320,
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The great difference between the sced rates of the Punjab and the
United Provinces requires investigation.

The return varies from less than 4-fold in Hyderabad to more
than 14-fold in the Punjab : in the other regions it varies from
5 to 8fold. The vields on irrigated land are naturally higher
than on unirrigated ; thus in the Punjab, the only FProvince
recording the yields separately, the figures are :(—

Average yield on both types of land in the Punjab(}). ;
5 years 1927/28 to 1931732,

Minimam Maximam
—_ Average. District District
figures. Figures,
Trrigated .. . .. - 0967 510 1,250
Unirrigated - .. .. 572 400 720
Average for Province .- .. 791 .-

The total produetion for British India is reported to be about
7.5 million tons and for the whole of india 9.3 toms.
TasLE 10,
Million tons : average for 1925-26 to 1934-35.

British India, Indian States.(%)

Punjab 2-9 Central India States 3
United Provinces 2.6 Gwalior . -3
Central Provinces -7 Hyderabad -1
Bombay -3 Punjab States 4
Sind . .. . 2 Qthers -7
Others . ' . -8 ’

Total British Provinces .. 75 Total Indian States .. 1-8

All India 9-3. .
(¥rom Report on the Marketing of Wheat in India, 1937, pp. 13 and 14.)

Of the total wheat area in British India nearly one half is
irrigated (11.2 million acres) : the rice erop alone has a greater
irrigated area (184 million acres), It is a rabi crop and from
the irrigation point of view one of the-best of all crops because it
requires so little water : while rice may require 7 to 8 ft. (includ-
ing rain) cotton may require only about 24 ft. and wheat only
about 14 ft. (3).

(1) Published by the Director of Land Records.

(2} The figures for the Indian States are not complete and also they are
far less accurate than those for British India. The total area of the Indian
States iz about 461 million acres, with a population according to the 1931 cengus
of 81 million, but the Statistics for 1934-35, for example, relate only to 70
Btates with an area of 2588 million acres and a population of 55 million, i.c.,
56 per cent. of the total area and 68 per cemt, of the total populatior only.
Even for purposes of comparison the statistics are incomplete, ag the number of
reporting States has increased from time to time,

(3) For examples of amounts of water supplied see ‘¢ Btatistica of Irriga-
tion Water Distribution and Working of Distributaries of the Canals in the
Punjab for the year 1932-33 /°. (Government of the Punjab, Public Works
Department, Irrigation Branch, Lahore, 1934.)

H301CAR D
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The possibility of combining wheat and cotton into omne
gystem is therefore very alluring ; wheat being the rabi and cotton
the kharif erop.  Unfortunately the difficulties are very great and
have not everywhere been overcome : they are more fully discussed
on page 137, :

Formerly there was a large export trade in wheat : for some
years past it has been very small. The area of wheat grown, how-
ever, shows no corresponding diminution, suggesting that muech
more wheat is eaten in India than formerly :—

—— 1910-11 1915-16 1920-21 192626 | 1930-31
1914-15. | 1919-20, | 1924-25. | 1929-30, | 1934-35,

Area under wheat thovsand
BCTes—

British Indja . 24,284 23,604 23,264 24,477 25,682

Indian States (1) . 4,087 4,440 5,387 5,921 6,459

All India .. . 28,371 28,044 28,651 30,398 32,141
Exports, thousand tons ., 1,239 668 453 163 | 46

The latest figure available for area is 33.6 million acres. Further increases
in wheat area seem probable ae the irrigated areas inerease.

‘When the Liloyd Barrage scheme was set up in Sind it was
intended that the arca under wheat should finally attain 2 million
acres. The present acreage is about 1 million : it remains to be
seen how far the initial plan can be realised, but further expansion
is almost certain to come in one or other of the Provinces especially
in the Punjab now that the Sutlej valley scheme is sanctioned. The
possibility of over-production was discussed by the Crop Planning
Sub-Committee of the Advisory Board of the Imperial Council of
Agricultural Research in June 1934 but no clear evidence was
forthcoming. It was deeided not to stimulate further production,
but also not to diseourage it. A steady demand for wheat will in-
evitably eall forth the supply.

Experimental work on wheat in India,

The foundation for the experimental work on wheat was laid
by Mr. W. I. Moreland, for many years Director of Land Records
and Agrienlture in the United Provinces who cellected various
wheats and sowed them so that they might be studied. J. Hayman,
the first Deputy Director of Agrieulture, carried out the work, and
Mr. B. C. Burt (now Sir Bryee Burt) grew the collection on the
Cawnpore experimental farm-—the first experimental farm to be
set up in India(?) and showed them to Mr. Howard (now Sir
‘Albert Howard) and Dr. Martin Leake who at ouce recognised

(1) Bee Note 2 on page 25,
(2) It was started by Mr. (later 8ir) Edward Buck about 1880,

Y
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the importance and value of some of the varieties and used them
in their later work. 'The aectual founders of the modern Indian
wheats are unquestionably the Howards, who had the artist’s eye
for picking out the varieties likely to do well and those that would
not ; in consequence the selections and crosses finally made have
proved remarkably suceessful.  Their work began in 1905 and
Pusa 4 and Pusa 12 soon proved valuable in the United Provinces
and the North West Frontier Province.

Mr. David Milne carried out systematic selection of the Punjab
wheats Wt Lyallpur from 1907 onwards, and multiplied the best
strains for distribution. In consequence of all this work a con-
siderable area is now sown with the improved Pusa and Punjab
wheats ; over all India an area of about 7 million acres, or 20 per
cent. of the total was in 1934-35 sown with improved wheats(!).
Of these Punjab 8-A, bred at Lyallpur, is said to be one of the
most popular, accounting for about 23 million acres—nearly one
half of all the area under improved wheats, The Central Provinces
and Central India, however, have not benefited so greatly from
the improvements as they grow a good deal of durum wheat, which
have not yet heen so fully studied as the others.

From the papers and the close touch with the English millers,
it seems clear that the Howards had always in view the require-
ment of the English market and they enlisted the assistance of
Mr. (later Sir) Albert Humphries, a well-known miller, in assessing
the quality of the wheuts they bred. The ZEnglish value for
‘“strength ’ was adopted. This purpose was justified by the
considerable export of wheat to England in those days. Several
factors contributed to the ready saleability of Indian wheat on the
English market. It was certainly dirty, but it was cheap and it
contained less monisture than some of its competitors so that its
real price was even lower than ils market price. In pre-war days
it made a useful combination with the Russian wheat, because while
Russian wheats vielded rather soft and runny doughs, Indian
wheats gave *‘ short 7" and elay-like doughs, and the two together
gave satisfactory results, Modern Russian wheats no longer show
this defeet. English millers still, however, find use for Indian
wheats when the priee is sufficiently low, and in point of fact they
are now using the not dissimilar ’ersian and Irag wheats,

The modern improved Indian wheat is very different from the
ordinary Karachi wheat and compares favourably with good Austra-
Han, Canadian and South American samples ; if ever it became the
predominant wheat exported from India it would readily compete
with them in England provided it were clean and properly graded.
This would mean the setting up of proper cleaning machinery and
elevators at the Indian ports as well as adequate arrangments for
grading and eontrol of shipments-—altogether a bhig business.

The important guestion of policy arises : should the Agricul- -
tural Departments in India aim at seeuring a place in the English
market or should they develop the home demand * If the aim is
the English market then vigorous steps should be taken to export

(2) 34,5 million acres of wheat were sown in that year. o
H30ICAR -
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only graded improved wheats, which should therefore be produced
on such a scale that they can displace the old varieties on the
English market. If, on the other hand, it is proposed to develop
the home market then English standards of *‘ strength ’’ should
no longer dominate “the investigations but close study should be
made of Indian requirements, which are almost certainly different.
By far the greatest part of the wheat used in India is ground in
hand mills or small power mills and made into chapatis : there is
not much demand for the whiie flour produced by roller mills which
is the most popular kind of flour in England(!). Instead c2 study-
ing the milling and baking qualities of Indian wheats only from the
standpoint of the roller mill it would be far better to study their
behaviour in the chakki and for making ehapatis.

On the question of poliey I express no opinion. Two important
factors must be taken into acecount. In favour of the export
market is the consideration that a large export trade in normal
years affords the hest guarantee against famine In years of low
yield. In favour of developing the home consumption is the faet
that Western nations having a ehoice of cereals always choose
wheat, maintaining that it is the most suitable to the normal
man’s life.  PPhysiologists may point out that other grains are
richer in various constituents : that bajra eontains more fat and
has a higher calorie value : that ragi confains more -ecalcium :
nevertheless people who have the choice take wheat. Against this
it has been argued that wheat being a rabi erop is less suitable aa
a food than the kharif erops, bajra, cholam, ragi, maize, ete., beeause
it takes water that might be given to more luerative cash erops;
further, that these kharif erops give higher yields than wheat ;
in the Punjab, for instance, 20 to 25 maunds per acre against only
about 12 of wheat. In spite of all this, however, if one may judge
from what is happening elsewhere it seems probable that the con-
sumption of wheat in India will still furiher increase and investi-
gations as to quality should therefore be directed mainly to Indian
requirements.

The Counelil should form some estimate as to the extent to which
an export trade is desirable so as to guide the Departments in
regard to the sowings. The export trade and the Indian roller
mills will require improved strong wheats and enough should at
least be sown to provide these: the home trade may prefer some
other variety in which ease the necessary multiplication of seed
would need to be done.

Meanwhile a new factor has come Into prominence : the neces-
sity in resistance to rust, which by common consent iz the most
serious disease of wheat in India, One of the Pusa wheats—No.
114—is fairly rust resistant and so is spreading in Sind : a wateh
for other varieties is being kept by all wheat breeders. Professor.
K. C. Mehta, of Agra, is studying this question of rust resistance
and in conjunction with Dr. Pal of the Imperial Research Institute,

. (1) In 1936-37 about half a million tons of wheat were taken by the roller
mills, leaving about 9 million toms for the hand or small power mills. '
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Delhi, is breeding rust resistant varieties from which it is hoped
to seleet some possessing high yield and vigour,

The worl is described on pages 98 and 148, where also
Professor Mchta’s recommendations are given. These should be
seriously considered with a view to giving practical effect to the
underlying relationships whieh he has worked out.

Barley.

Bamgy oecupies only about 6} million aeres in British India,
two-thirds of the ncreage (4.17 million) being grown in the United
Provinces, and the rest in Bihar and Orissa (1.2 million aéres) and
the Punjab (0.61 million acres). But since good malting samples
eommand a price far above that ruling for ordinary ecereals it may
have special value as a potential cash crop,

For many years now Indian barleys have been exported to
England and some have been taken by maltsters, though never at
a high price. Numerous attempts have been made to produce
improved varieties that would obtain a betfer price and a more
secure position in the market.

Two types of barley are used by English brewers : two-rowed
and six-rowed : they serve somewhat different purposes in the brew-
ing processes and they are not altogether interchangeable, There
is no evidence that India eould produce the two-rowed barleys,
but some of the recent siz-rowed varieties eompare favourably
with the Californian barleys at present used.

1t Californian harley were indefinitely obtainable in its present
quantity the Indian barleys would have difficulty in supplanting
them. Two new factors have, however, recently come into the
gituation.  [i seems probable that the snpplies from California will
fall oit.  The United States are no longer ““ dry >’ : the manu-
facture of Leer has recommenced. and necessitates the wse of mueb
of the Californian barley that used to be exported.  Further, the
preference given at the Ottawa Confercuce confers a price advan-
tage on Indian barley as against Californian. TFor these two
reasons, therefore, the impraved varieiies may be expecled to sell
in Eneland as soon as they are obtainable in commercial quantities,
provided always, and this is extremely important, that they can
be shipped elean and free from the Khapra bectles {hat have in
recent years so much damaged the reputation of Indian barley
abroad. This would probably mean the setting up of some large
scale cleaning plant at the port, and shipment under the Certifi-
cate of a Government ingpector.

The millets : Juar, Bajra and Ragi.

These three crops oceupy nearly 40 million aecres in British
India and about 63 million aeres in the whole of India: Juar
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(Andropogon serghum) is the most important, Bajra (Psﬂn.isetum
typhoideum) comes next, and Ragi (Eleusine corang) third :—
Miilion acres 1934-35,

—_— British Iudia, Indian States, All India.

Juar .. .. . 2148 145 36-3
Bajra .. .. o 13-1 7-1 202
Ragi . . N 3-7 2-8 6:5

Total .. 386 24-4 443.0

The acreages are far below those for rice but they exceed those for
wheat or any other erop, The special feature of the millefs is that
they are kharif crops sown just about the time when the monsoon
breaks : and they may receive little or no water beyond what the
rain brings, though if water is available it is of course given when
necessary. They are, however, associated with dry rather thanm
with wet conditions : they are the chief crops in the nom-irrigated
and dry farmed areas ; usually they are more or less complementary
to rice, ¢.e., in distriets where there is a large area of rice the area
under the millets is small and wvice versa.  Hyderabad State has
the largest juar areax (8.8 million acres) ; Bombay has a little less
(8.4 million aeres) but it has the largest acreage of bajra (4.8 million
acres). Madras and the Central Provinces have respectively 5.1 and
4.3 million acres of juar : the Punjab, Madras, Hyderabad State
and the United Provinces have also eonsiderable areas of bajra,
while Mysore has the larrest area under ragi (2.3 million acres)
followed by Madras (2.15 million acres).

The millets serve a dual purpose : the grain is used for human
food though there is a eertain social distinetion involved ; the millets
being associated with the lower rather than with the upper grades
of society('). The stalks form, in many distriets, the chief food
of the cattle for some six months in the year.

A certain amount of work has been done on  these crops in
several of the Provineces bui none of the seleeted varieties have
spread far, and there are no successes comparable with those cbtained
with sugar cane, wheat, or riee, to which the older plant breeders
had confined their attention.  There has, however, hardly been
time to find improved sorts, and certainly no time for them to spread.
Moreover these erops are indigenous : they have been grown for
hundreds, if not thousands, of yecars, and considerable selection has
already gone on in the villages. There is no indication of any
possibility of drastie change comparable with that made by Dr. Barber

. (1) ** Many of the hostel superintendents told us that they had the greatest
difficulty in persuading the children fo eat ragi and other kinds of millct, even
when millet is the staple food of the distriet from which they come. Adolescent
country boys and girls, who are hoping to raisc themselves above the status of
their parents, feel entitled to consume the cereal of the townsman and the
educated classes—milled rice.” W. R. Aykroyd and B. G. Krishnar, Indian
J1. Med, Res, 1937, Vol. 24, p. 723.
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in sugar cane when he succeeded in ecrossing it with the wild
Saccharum. Finally, these crops have definite taste, and the peasant
sccustomed to one variety is not likely o change if the taste is
different.

With the establishment of a millet section at Coimbatore and at
Indore, and experimental schemes im Nagpur, Lyallpur, and in
Bombay in conneetion with the dry farming scheme in the Punjab
and the Central Provinces, one may hope for improved strains,
giving higher yields or being more resistant to drought, pests and
diseases, g‘nd to the troublesome parasitic plant Striga (page 179).

More work is, however, needed, in view of the importance which
the nutrition experts attach to the millets, In particular some of the
humbler varieties such as Kodon, the poor man’s crop, shouid be
more studied and either improved or replaced by something better.

The Pulses.

The Counecil has no schemes for studying the pulses but in view
of their importance as sourees of protein I suggest that a conference
should be held with the nutrition experts to discover whether more
work could usefully be done, and, if so, on what lines.

Vegetables.

A considerable amount of good work is belng dome on potatoes,
one of the most useful vegetable erops ; it is described on page 147.
In view of their importance more attention should be paid to other
vegetables, particularly the cheaper and more easily cultivated of
those commended by the medical authorities as supplying vitamins
or mineral constituents defieient in the ordinary diet. The peasants
in Northern India can grow very good vegetables, aud at some of the
shows T have scen speeimens that could have been exhibited with
satigfaction anywhere, A marked extension of vegetable growing,
as of fruit, is very desirable.

Fruit.

Althougb fraits of various kinds have been grown all over India
from time immemorial it is only in recent years that efforts have
have been made to put froit production on an organised basis. The
natural inclinations of the people to eat more fruit have been stimu-
lated by the medical adviee that fruit and vegetables are amoug the
best sources of the vitamins and other substances missing from the
ordinary Indian dietaries, Consumption appears to be greater than
production, for there is a considerable import of apples from the
United States and Japan, and of grapes and oranges from the
United States. In consequence every Department has taken up the
question of friit erowing within its province and some very useful
work has been hegun at Ganeshkhind and elsewhere which deserves
every encouragement.
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The range of fruits that can be grown in India is unusually wide.
All the ordinary European varieties can be grown in the high country
in the North of India ; while the tropical fruits can be grown in the
plains and in Seuthern India(?).

The North West Frontier Provinee, Baluchistan and Kashmir
all produee fruits familiar in Europe : apples, plums, apricots,
peaches, grapes, ete.  Other hill distriets in the Punjab, the United
Provinces and the Nilgivis produce strawberries and apples. The
possibilities of development in the hills seem considerable.  The
plains preduce mangoes, leitehis, papayas and oranges, while Bengal
and the Peninsula preduce bananas and in the wetter regions, pine-
apples. Mysore is remarkable in being able to produce two crops of
apples in 12—15 months, which is I bhelieve a unique achievement,
in addition to the grapes, mangoes and bananas which do very well
there.

There are two aspects to the problems of fruit and vegetable
production : supplies to the towns and supplies to the villages.

The town supply involves difficult questions of quality, frans-
port, storage and marketing ; they can be solved but usually require
some speeial machinery.  Transport is sp important and liable to
be so difficult that no area should be put into fruit unless it seems
clear that adequate transport arrangements ean be made. The
prodaction problems are fairly straightforward and a good start has

(i);Mr. L ¢ J avaraya has furnished me with the following list of common
fruits in the various provinees :—

Baluchistan - grape, peach, apricot, plum, melon,

N.-W. Frontier .. the above and also quinee, apricot, pear,

orange, sweet lime.

Kashmir . .. apple, pear, cherry, plum, apricot,
Punjab .e orange.
Kulu Valley .. anple.

apple, strawherry,
mango, loquat, leitchis, melon, pineapyple.

United Provinees : Nainital
elsewhere and on plains

Assam pineapple, orange.

Bengal

Bihar and Orissa

Central Provineea
Hyderabad-Deecan

Bombay
Madras .

Nilgiris
Mysore .

Travancore

pineapple, hanana, mango, orange, melon.
mango, leitehis,

orange, hanana,

grape, crange,

mange, orange, banana, atrawberry, fig,

grape.

mango, orange, banana, grape, pear, pine-
apple.

strawberry,
apple, grape, mango, banana,

banana, pineapple.
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been made with them. The first essential is to clear up the rather
considerable confusion in regard to the wvarieties : the indigenous
fruits—mangoes, bananas, ete~—oecur in large numbers of varieties,
some of which, however, have different names in different places.

Good stocks must be selected and produced in quantity for bud-
ding or grafting and having done this perhaps the most difficult task
is to arrange for distribution of stocks and trees true to type : this
must be done c¢ither from Government farms or from commercial
nurseries which are rigidly inspected and certified.

The ®xtension of fruit entture will almost certainly be accompanied
by an estension of fruit pests. The San Jose scale has already
appeared in Nprthern India and may do mueh damage unless it can
be checked. The Imperial Rescarch Institute should be empowered
to keep a close watch on all potentially harmful pests and advise as
to the proper precauntions and remedies.

A special feature of large seale fruit growing, and one which
makes it very attractive to men who like the organisation of an estate
and the possibility of doing well, is that it requires for full suecess
and development in each important fruit growing centre of certain
subsidiary industries. The most important of these is the preserving of
fruit and vegetables by various means and the making of fruit produects,
50 that unmarketed fruit can be converted into some marketuble form
and potential waste material can be used to good purpose, Ib-
vestigations on these lines are belng made at Lyalipur.  Other
industries, smaller but also important, are the keeping of bees, which
beside giving honey play an important part in the fertilizing of
the blossom and the setting of the fruit ; and the making of baskets
or boxes as containers : this in turn necessitates the collection or
cultivation of suifable shrubs or trees to furnish the necessary
material.

Thus the cultivation of fruit leads to the employment of far
more labour than the eultivation of other crops, and it is admirably
suited for graduates of agricultural colleges who may wish to become
something better than ordinary farmers.

The problem of frnit and vegetahle supplies for the villages is,
bowever, on a different footing. Here the need is for cheap hardy
fruits and vegetables, which ean be grown around the village and
which require nothing in the way of costly management. The
problems are those of action rather than of research. Finality in
fruit and vegetable culture can never be attained, and there will
always be mneed for more experiments on selection, propagation,
cultivation and general management. But in the meantime a
great deal more is known at the Experiment Stations than is prac-
tised in the villages, and the chief need at the present is to spread
the culiivation of fruit and vegetables as widely and as speedily as
possible.  Adequate place should be given at the experiment
stations to easily cultivated and inexpensive fruits and vegetables
g0 as to keep them prominently before all interested in the develop-
ment of the countryside. DBut the work must be carried into the
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villages. The planting of mango trees along the roadway leading
to the village ; of vegetables on any available site near the village,
e.g., the slopes of the nullahs where these are cultivable, and where
possible the planting of orchards, are really urgent matters. At
most of the experiment stations where fruit is grown I found men
sufficiently skilled in the art of fruit and vegetable produection to
be able to render great help to the villages.  Still more important,
the help of the village teaeher, where there is one, should be enlisted.
This extension of fruit and vegetable growing is so important that
it should be pushed forward as rapidly as possible.

»”

Reference has been made to the inereased interest in fruit grow-
ing but the sfatistics reveal a rather remarkabie trend. The fruit
areas arc not shown separately but are included with vegetables and
root erops ; the total areas have declined since 1914-15 (Table 11)
in spite of the increase in population, particularly on the eastern
side : Madras, Bihar and Orissa, Bengal and also DBombay : the
decline is less marked in the United Provinces and the Punjab and
there has heen an actnal inerease in the Central Provinces and the
North West Irimtier Provinee.  From the reports of the Market-
ing (Mficers, it appears, however, that the areas under fruit have
inereased (1),

Tagrr 11,

Area  of Frut oand T'egeta-bleé (including root crops),
growing in India since 1914-15 : average 5 year periods.

Five year period. Million acres Average,
1914-15—1918-19 .. .- .. .. 670
18919-20—3923-24 .. . . .. 5-42
1924-25—1928-29 .. .- . . 506
1929-30—1933-34 .. o .- .. 500
1934-35 .. .- . .. .- 4-82

Oilseeds.

Oilaeeds oecupy about 5 per cent, of the total sown area in
British India (144 million cut of 259 million acres) : but the precise
acreage is difficult to aseertain beeause they are often sown in rows
among other crops. They are concentrated chiefly in Madras (28
per vent. of the totz]l area grown), the Central Provinees (13 per
eent.), Bihar and Orissa (12 per cent.) and Bombay (11 per cent.).
Cottonseed is not included in these acreages : practically all that
is not wanted for sowing is fed direet to eattle, a rather wasteful
process.

(1) T am indebted to Mr. H. C. Javaraya for a summary of all the avail-
able data om this point.
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There has been a marked change in the fate of the oil seed crop
jn recent years. Prior to the war there was a large export, but
this has fallen considerably and exzeept in the case of linseed, still
geems to be falling. Much of the ground nuts, and most of the
rape, mustard, sesamum, safflower and niger are now used in India
as food : about a guarter of the ground nuts are exported, and a
large proportion of the castor and linseed (Table 13). These are
sent out mostly as seed, but there is a substantial export of ground
nut and linseed cake and some rape cake and castor oil—uged as
lubricant.  The export of cake finds some explanation in the fact
that in absence of a cattle fattening industry linseed %ake is not
much in demand in India, while some of the ground nut cake goes
to Ceylon as manure. Of the cakes that remain in India, castor
and neem cakes are used as manure, and the others as foods for live-
stock.
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Oilseeds are of great importance in human nutrition and as
erops they have many agricultural advantages : they fit well with
irrigation schemes ; and the chief of them, the ground nut, has the
further advantage that it is a leguminous crop and so improves the
productiveness of the soil : indeed advantage is taken of this pro-
perty in parts of Bombay and the Central Provinces and Berar,
where groundnut precedes cotton in the rotation to an increasing
extent.

It is therefore very desirable to encourage their cultivation, and
a co-ordinated scheme of research has been set up with the view of
improving both yield and quality of the crop. The necessary
selection and breeding work has been put in hand on a properly
organised plan at Delhi, Coimbatore, Lyallpur, and other centres.
The brassica oilseeds are likely to give some trouble but the work
is proceeding satisfactorily : it would be improved if a first class
geneticist could supervise the procedure and the classification.

Search for rust resistant varieties of linseed is made and at
the Harcourt Bulter Technological Institute the various oils are
studied chemically and physically.

The programme of work is good and it is being satisfactorily
carried out. :

Mized Cropping.

The agrieunitural economic aspects of mixed cropping should
be studicd in view of the widespread use of this practice and the
probability that some erops mix better than others.

Fodder crops and grazing for livestock.

Under present conditions the amount of food produced is in-
sufficient for the large number of apimals in India and in conse-
quence many of them are mmadequately fed. 8o long as this con-
tinues the efforls now being made to improve the quality of the live-
gtock by disiributing better bulls cannot aitain wide suceess. The
bullock, as the source of power, usually comes off best, but the cow
is not so well fed and in consequence of a low diet gives only poor
vields of milk. I¥ it were feasible the best eourse would be a large
reduction in numbers of animals so as to bring the livestock popu-
lation more into line with the supplies of food, but this eannot be
done rapidly. Some gradual reduction will no doubt come about
by economic pressnre as the grazing grounds become more closely
settled for cultivation, and as the castration of serub bulls becomes
more commnonly practised. Improvements in the farm implements,
and particularly in the bullock cart, would reduce the need for so
many bullocks in the village. It is commonly stated that the
cultivator must have large numbers of animals in order to obtain
sufficient farmyard manure : this is only partially true. The
quantity of manure produced depends on the amount of food eaten,
‘and a given quantity of food produces more manure if fed to one
animal than if fed to two. For the present, however, the only prac-
ticable solution is to incerease the production of animal food.
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Over a large part of India the only focd for the animals consists
of the stalks or straw of the grain erops : rice, wheat, juar or millets
and suech grazing as is obtainable. A few Provinees, however, grow
definite fodder crops, especially the Punjab, Bombay and the United
Provinces :—

Million acres, Fodder Fodder crop

—_ Total area cropa, as per cent,
. s0WTL, of total,

"l-u.
-

Punjab .. . . .- 29-8 4-8 1641
Bombay .. .. .. - 34-1 2.6 76
United Provinces . .. .. 43-4 1-4 3.2
Central Provinces .. .- .- 27-5 0-46 1-7

The others have a smaller proportion of fodder erops.
Grazing.

The grazing areas fall roughly into two groups associated res-
pectively with forest and with cultivable wastes : the latter are
much more important. Only about 10 per cent. of the cattle of
the five Provinees possessing much forest have access to forest
grazing : the figures are given in Table 14 (p. 40). The acreage of
forest grazing available per head is only an average figure and it
includes considerable areas that are almost inaecessible : the density
of livestock ig much greater on the areas actually used,

Where the grazing is under the control of the Forest Depart-
ment, or where, as in part of Madras, it is leased in blocks for sub-
letting subjeet to cartain condiions, the pasturage remains good
and there are possibilities of improvenient. But where the Forest
Department has no control the losses have been greater.  Consider-
able areas of wooded pasture—marginal land between grass and
forest—in the regions of low rainfall have been taken out of the
Forest department control and handed over to a non-technieal de-
partment or to the panchayats : here grazing has heen more or less
unrestricted and losses have resulted. In the Punjab foothills
where unrestricted grazing has been given as a right, the vegetation
is denuded and soil erosion has set in : some really appalling losses
have already occurred and more can be expected.

The improvement necessitates two regulations :

(1) restrietion of the period during which grazing is permit-
ted : all animals being excluded during the first 3 or
4 months of the monsoon so as to give the herbage a
chance of developing ;

(2) rigid restriction of the numbers of animals finally admit-
ted ; the restriction being either by regulation or by
increasing the grazing fees. ‘There are no set rules
about acreage but 2 acres per head is recognised as a
suitable standard for cattle, subject of eourse to
variation aceording to conditions.
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Instances conld be multiplied of suceessful results obtained in this
way. .
The great majority of the livestocks—90 per cent. aceording to
the above figures—have access only to noun-forest grazing and this
includes a considerable amount of very variable land much in need
of fuller classification and study : it mostly tails within the category
of ‘‘ cultivable waste land not available for cultivation ”’ of wuich
~there are large aress in all provinees. Much of it could be utilised
assgrass combined with plantations for the provision of fuel and
fodder “the Forest Department in the United Provinces have planted
up, at but little cost, some thousands of acres in the Sabaranpur and
Bahraich distriets and hope to obtain about 600 tons of green leaf
fodder and 1,500 tons of fire wood per square mile of plantation per
annum.

Sir C. Q. Trevor’s Committee recommended the formation in
every Province of a Standing Fodder and Grazing Committee com-
posed of officers deputed by the VForest and Revenue Departments
and an Animal Husbandry officer to study these waste soils and advise
as to their development. 1 entirely agree and would only recom-
mend the addition of an agricultural officer having special know-
ledge of soils and who could suggest suitable fodder crops fur any
areas where they might grow.

Besides these °* eultivable wastes ’’ there are better grazing lands
some of which are in private hands, and others more or less communal.

So long as the grazing lands remain open and unfenced it is
diffienlt to effect much improvement : the animals wander freely and
can eat ount the best of the herbage, leaving it no opportunity to
recover,

Enclosure and rotational grazing are the most effective improve-
ments.  Division of the area into fields which are grazed one by one
In rotation gives the vezetation a chance to recover, and, there being
more of it, the znimals need not wander far in search of food, and
some of the enclosed grass may be spared for conversion into hay.

The chief practieal difficulty is of conrse the problem of fencing :
eattle-proof fences of the ordinary kind being costly ().
. The time at which the animals are allowed to graze the herbage
is important : indeed in Encland one can change the character of
the herbage entirely by merely altering the incidence of the grazing :
heavy autumn grazing changing the flora in a different direction to
the change produced by heavy spring grazing,

Dr. Bumns® investigations en the improvement of grasslands in
Bombay are well-known (%),

{1) An =alternative and much cheaper method might succeed : a gingle
strand of barbed wire in cireuit with small induetion coil eharged by an ordinary
motor ear batterv suffices to keen tne tame British eattle from straying : they
greatly dialike the slight shock received when they explore the wire with their
noses.

(2) Pusa Memoirs, Bot, Series, 1025, Vol. 14 and 1929, Vol 16 ; Bombay
Department of Agriculture Bulletin,

HICAR -
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Further investigations are needed on the manuring of the land :
open grazing lands in the dry parts of Australia and New Zealand
have greatly benefited from phosphatic fertilizer. An experiment on
these {ines is being organised on the barani grazing area of the Hissar
Farm in the Punjab. Heavily grazed enclosed land may respond to
manurial treatment where the open land did not.

Closely associated with mannring is the provision of ‘* licks "’ to
give the animals any mineral nutrients that may be deficient in ths
* herbage. Clemical analysis of the herbage from various hil] nostures
is being earried out at Liyallpur gnd other centres (page 133).

Enclosed land can aleo be improved by reseeding with mixtures
of grasses and leguminous plants as has been done iu the Central Pro-
vinces, and this gives an opportunity of introduecing better or more
drought resistant grasses.  Some excellent work on this subject
is being dene by Dr. Pole Evans of Pretoria, who has searched the
highlands of Bast Afries and the deserts of South-West Afriea for
drought resistant grasses and found a family of Wooly Finger grasses
some members of which, notably Digitaric Seriafe and Digitarie
Pentzii are proving remarkably successful. It is desirable to experi-
ment with these and with other drought resistant grasses. 1 gatier
from Mr. C. C. Calder of the Botanie (Gardens, Calcutta, that certain
Central American plants thrive very well in India, evidently finding
the conditions suitable, and some of the grasses might prove useful
as fodder. Introduction of exotie species, however, demands very
great care and close botanical supervision,

Some of the indigenous grasses are very good : lists of the kinds
best snited for hay are given in the Military Grass Farm Manual
More experiments should be made on the indigenous grasses at the
Stations : 4 few selections are being made at Hebbal Farm, Bangalore
and at the Kxperimental Farm, Nagpur, and this type of work should
be extended ; there may be possibilities of considerable improvement.

The grazing lands aronnd the village may in the monsoon give
more vegetation than can be consumed at the time. Ensilage seems
the best way of utilising this temporary excess and experimenty should
be underfalken to find the relative advaniages of pit and of stack
silage ; and of one eut of full grown herbage as against two cuts of
less mature material.  The effect of molasses on the making of
" gilage should be examined, .

Fodder Crops.

A wider introduction of fodder cerops into Indian agrieulture
would probably effect great improvement in yields and in total out-
put. More food for the animals would mean more manure and en-
hanced fertility of the soil, This was the prime factor in the im-
provement of British agriculture and the additional yields of grain
more than eompensated for the area taken from grain and put into
fadder erons. Teguminous fodder crops in addition to ineveasing
the quantity of farmyard manure also enrich the ground on which

thew grow ; they cannot usually be fed alone, however, and generally
are mised with non-leguminoug Crops,
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In the Punjab considerable areas of fodder erops are grown
without irrigation but in many parts of India this is not possible,
and water must be supplied ; considerable guantities of food per
gere can then be obtained.  Berseem ({vifolium Alerandrinum) is
one of the best fodder crops : it is a native of Egypt but it grows well
in Northern India {(North-West IFrontier Provinee, Sind, Punjab,
® United Provinces, Bihar ) under irrigation,  Some striking results
imye heen obtained with it in Sind (page 188) . it can be sown in
thekct}t-tgg L‘j‘u.st alter the last picking., Une of its great advantagen
is that it Increases the fertility of the land oo which it grows and
hence it furnishes not only its own weight of food but additional
yvield of the suceeeding crops. In Sind it has the added advantage
of being Kalar resistant and useful in the reclamation of saline land.
Mr. C. H. Parr of the Meerut division has experimented with berseem
as a catch crop, feeding it to bulfaloes for milk and obtaining also
additional yield of the succeeding erops : this type of work should
be extended. One difficulty in regard to berseem is the supply of
seed which was reported {o me to be both insufficient and bad owing
to a wmixture of weed seeds., I’eshawar is at present the chief source,
but a wider area of supply could no doubt be developed. Two local
leguminous crops seem to deserve further investization and seleetion :
Sengi (Mellilotus parveflora) and Shaftal (Trifolivm resupintum) or
Persian clover,

Various exotic grasses grow well as fodder crops : Napier grass
(Ponnisetum pwrpurewm), Guinea grass, Sudan grass (Andropegon
sorghum), var. Sudonensis : under irrigation and manuring these
ean give several euts a year to be fed ereen or made into hay or silage.

One of the Australian grasses, Paspalum dilqtatum, has given
promising results in Assam, and it would be worth while trying a
successful Australian elover, subterranean clover,

The faet that fodder crops are used to supplement to grass pro-
bably explains why some of the best developed cattle in India are
produced in dry areas where the growth of grass is sparse, The
cattle reared on coarse rank prass in the wetter parts of India are
of poor quality and of litile use either for milk or for work,

In the event of a dairy industry developing there wounld be great
scope for these fodder crops.

Fodder trees.

If any extensive planting of the *“ eultivable waste *’ were done
it would be necessary to study the fodder trees more fully so as to
know which to choose for the plantations. In addition te the naiive
trees the Carob tree, cultivated in Palestine, a legumninous tree provid-
ing pods of nutritious secd, might he worth investigation.

Tobaceo.

One of the most striking changes in personal habits sinee the war
has been the increased swwking of tobaceo, Large quantities are
grown in Tndia, most of it for home eonsumption, but an increasing
amount, of increasingly good quality, iy exported. 'Tobaceo has
many advantazes as a cash erop and it$ cuitivation deserves cautious
encouragement,

HI0ICAR ' 2
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Tt grows best under conditions of good natural rainfall, and there
13 no evidence that it would develop any high degree of quahty under
irrigation.  The most important tebacco growing area in India is
the Guntur district of Madras where some 120 000 acres of cigarette
tobacco were ‘grown in 1936, of which 42,000 acres were Virginia
tobacco of the best quahty—mostlv Harubon s Special.  Tobaceo
intended for the higher quality markets is flue Cured most of this

is Virginian :—

Production of Fius cured tobacco, e
M?ﬂi(m 1b,
Flue cured Virginia tobacco . . ‘e . 29
Fiue cured country tobacco . . . o 36
Totl, Guntur distrlct .. .. .. 326

The total production of tobacco of all grades in India in 1936 was
1643 million Ib. but of this otily about 110 million lb. were up to
export guality, and only about 29 million Ib. were in fact exported :
the United Kingdom fook necarly half. The total quantity exported
has not varied much in the last ten years and of course the values
are less than they were, but so far as the United Kingdom is concern-
ed there has been a shift in the direction of higher quality, so that
not only are its imports higher but also the values :—

Tobacco, . Total exports,
To all Countries, To United Kingdom.
Ih, £ 1b, £
Average 3 yoara, (thonsands), | (thousinds), | (thousands). | (thousands;,
1927.28 to 192930 .. 20,071 855 9,977 238
1933-34 to0 1935-36 .. 28,978 a70 11,460 320

!

Both dark tobaceo and cigarette tobaceo are exported from India to
England, the iatter in increasing quantities -

Million Ib,
Imports into the U, K,
1934, 1935, 1936.
Indian dark tobaccos .. . . . 1] 6-4 6-2
Flue cured Virginia .. . . . 48 5-2 7-5
Total . g-8 11-8 13-7
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The production of good quality tebacco requires & good deal of
skill at all stages The crop has to be well grown, adequately
manured, earefully harvested, dried and cured in flue barns. A
cultivator who can preduce tobacco well is equal to any type of crop
production. It is unfortunate that the regions of good tobacco pro-
duction are so restricted, for a leaven of successful tobacco growers
would go far to raise the level of agricultural education in the country,

wag informed by representatives of the fertilizer industry that the
Guntit™ehacco. growers have a better appreciation of the proper
use of fertilizers than almost any other Indian cultivators. The
Council has organised a comprehensive scheme of research on the sub-
ject the results of which ecannot fail to be of value.

These investigations should be done in consultation with the
bayers’ experts. The principal purchasers are said to be the Indian
Tobacco leaf Development Company, a subsidiary of Imperial

Tobaceo Co., who are In a position to give information about the
buyers’ requirements.
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CHAPTER 3.
Factors improving the yields of crops.

Seven great factors capable of improving the yield of crops im
India are :— e

{1) Better varieties of crops.
(2) Better control of pests and diseases.
(3) Better controi of water supply for crops.

{4} Prevention ¢of soi! erosion.
(5) Better uge of manures and fertilizers,

(6) Better implements and cultivations.

(T} Better systems of cropping, in particular hetter rotations
and the use of more fodder erops with the view of
ohtaining more farmyard manure,

(1) BErTER VARIETIES.

As already stated, the search for better varieties is being vigor-
ously and effectively pushed forward, 'The work has reached a
stage when persons selected for new appoiutments in connectiom
‘with it shonld be expected to have had specialised genetical and eyto-
logieal training in addition to a sound sctentific education, but this
presents ne difficulty. A eytologieal assistant has been appointed
to the Sugar Cane Station, Coimbatore, and a good case has been
presented for appointing another at Lyallpar in connection with
the investigations on the very difficult group wf Brassica oilseeds.
The results of this eytological collaberation should be elosely watched
and if it appears that the work is aided therehy i can be extended to
other crops,

The whole of the plant breeding work in India would gain if
it could be associated with a first class genetieist of sufficient scientifie
. distinction to “win the respect of the officers in charge of the various
erops. They are, however, doing their work so well that ne one of
less than the recognised first rank would be of any mse,

.In spite of t_he'gr merit the new varieties are not as yet in general
wenltivation. Tt is irapossible to says with certainty what proportions
ghey occupy of the areas sown, but the figures are greater for the
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obtain them they are as follows :—

S0 far as I have been able to

TanLe 15,
Approzimate Proportion of areq sown with emproved seed.
Total acreage Acreage under :
... Crop. Million acres, improved seed. Percentage.
T Million acres,
Suger Cane ., .. 4:00 3.22 80-0
Jute ‘e .. 2-18 1-12 50-0
Wheat . .. 33-61 6-06 20-6
Cotton .. .. 28-00 504 19.2
Rice .- .. 83.43 3:58 4-3
Ground Nuts .. 5-86 0-22 3-4
Millets . .. 38-69* 0-34% Not culeulated as
figures are in-
Gram . . 16-90 0-33% complete.

]

*Including Juar, Bajra and Ragi only.
tNot separately reported by some provinces,

Probably the chief reason for the slow adoption of the improved
varietics is the difficulty of obtaining adequate supplies of certified
seed, which in turn may be attributed to the lack of an honest and
effective seed trade to take up the new varieties, to multiply them
and distribute them to the eultivators at a reasonable price.

At present this work is left to the Agricultural Departments
which are already overburdened with duties. Several methods have
been devised, e.g., in the United Provinces by Mr, P. B. Richards,
and in Sind by Mr. W, J. Jenkins : these deserve close attention.

The Couneil should at an early date enquire into the methods
of seed distribution with a view to discovering what improvements
might be adopted, and it should econsider the advisability of setting
up some central organisation in each Province for the multiplication
and distribution of seed of approved varieties of erops, sets of sugar
cane, named varieties of fruit trees, etc.

(2} CoONTROL OF INSECT PESTS AND PLANT DISRASES.

Insect pests and plant discases cause serions losves to Indian
agricuiture and the trouble 15 likely to hecome worse with every
improvemeni in transport. If a pest or disease appears on a crop
in any part of the world it is only a matter of time belore it has
travelled to all other parts where the crop is grown, and although
quarantine regulations may eause delay they are rarely effective
enough to keep the pest out altogether.
H30ICAR
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Conditions in sugar cane fields are partieularly favourable te
insect and fungus life and large numbers of pests are known to oceur
there : only few are serious, but they do great damage. Among the
worst at the present time are the borers, which reduce not only the
yield but also the pereentage of saleable cane and its _1mlhng value,
and the trouble seems to be increasing. An instructive survey of
the cane delivered to five factories in Bihar(!) shows that 37 to 58
per cent. of the cane was infested in 1937 as against 20—30 per
cent. in 1935. More surveys of this kind are needed so as‘t_n_.ﬂkow
which pests are inereasing and which, if any, are decreasing.

The inecrease in arca under sugar cane is almost certain to be
aceompanied by an increase in inseet and fungus attack and an
accumnulation of the pests, and the problems eoncerned are more
serious than those of enltivation and manuring, becanse they are less
definite and more spasmodie in their incidence. In particular more
information is wanted as to the extent 1o whieh ratooning, which
has obvious economic advanfages, is sufficiently favourable to the
carrying ever of pests and diseises to cause serious difficulties later
on.  Also it is important to ascertain the effects on subseguent pest
amd disease attack, of destroving the fops, leaves, and trash imme-
diately the crop is harvested : or of making them into eompost, or
simply leaving them to be disposed of at some later date. The
information should be ecollected by means of surveys, the results of
which should be worked up at the Imperial Rescarch Tuastitute.

Diseases are, as a rule, best studied by a group of workers keep-
ing to one erop : e.g., a cotton group : a sugar eane group, ete. : the
organisation of research work on a erop basis adopted by the Conneil
18 a very sound proesdure. Much of the work, usually the most
important part, must be carried ont in the regions where the diseases
oceur : arrangements for co-operation must alwavs exist between the
Central bady and the Provineial Departments and the Couneil should
always be prepared to send, if possibie a research officer to a station
where a pest or disease is doing serious damage. both with the purpose
of obtaining more information about it and of helping in ifs eontrol.
Co-ordinating investigations and detailed studies of collected records
should be carried out by the Imperial Research Institute at Delhi.

It is very desirable to produce at an early date a handbook giving
the various diseases of sugar cane and deseribing the methods foun
iz India and other countries to be effective against them. :

Three methods for control are in general use :—

(1) Avoiding the trouble altogether by finding resistant
varieties of erops ;

(2) Obviating the attack of the pest by some change in soil
conditions or in methods of cultivation, e.g. by better
drainage, by earlier or later sowing ;

(3) Desiroying the inseet or fungus by chemical or biological
means.

(1) Carried out by Dr. L. H. Haldane, Chi i
Sutherland and Co. % C‘“ff Chemm_t te Mesars. Begg,
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A

The search for resistant varvieties is going on vigorously : e.g.,
for rust resistant wheat by Professor Mehta : for varieties of linseed
resistant’ to wilt.. The method is very useful but not final because
the. resistance of the plant may break down and the inseet—though
not as a rule the fungns—may change its habits. The usual method
of selection i$ to grow varieties side by side and observe which are.
least. attacked. FEscape from attack, however, does not necessarily
ixply actual resistanee : it means only that some other varieties
are peferred ; it does not show that the so-called resistant variety
would escape attack if grown by itself. The search therefore must
he continuous, and when a ‘‘ resistant variety 7’ comes into cultiva-
tion selection must still continue in hopes of finding a more resistant
form. The final stage, immunity, is hardly likely to be reached :
true immunity is very rare.

The causes of resistance and immunity are of great seientific
_interest and would form a very suitable theme for the main work of
a large University Department but they are outside the scope of an
agrienltural experiment station,

The obviation of inseet and fungus attack hy changes in methods
of cultivation or im soil conditions is in some cases very effective.
A good Instance of work on these lines is at the Toceklal Tea Research
Station where Mr. Andrews has followed in detail the waxing and
the waning of attack of eertain important insects and so discovered
the eondiiions favourable and unfavenrable to their multiplication.
Mr. . B. Richards is attacking the problem of sugar cane pesis in
the 1'nited Provinees in a similar way : he lays special stress on the
education of tlie eultivator to ensure that only suitable so0il is chosen
for the growth-of the cane and that proper rotations and good
agricultural methods are adopted. While entomologists eannot
prevent inseet atfacks they can estimate the relative intensities of
atlack under different conditions and so guide the agriculturist in the
ehoiea of praetieal measures for control.

- The destruetion of the pesl or fuingus by chemical means is
suitable only for fruit or vegetables, but in some instances it is the
only practicable methed, and spraying is being taken up by certain
groups of cultivators. The making up of the spray mixture always
presents some diffienlty, particularly when poisonous substances are
used, and the search for vegetable insecticides now being made by
the Agricultural Department in Mysore and by the Foresiry Depart-
ment at Debkra Dun is entirely commendable. I suggest on page 196
certain medifications of the programme for the purpose of bringing
the direct biological tests more into prominence, and of ascertaining
whether the selected plants lose tlieir value on eultivation. 1t is
Important to have available in India safe effective vegetable insecti-

cides.
Biological control.

The insect pests that prey upom erops are themselves preyed
upon by smaller insccts and it has long been realised that these
parasites might be utilised for keeping them 1in check, The
possibility “is extremely attractive : in principle one has cnly fo
find the parasite, breed it in sufficient numbers and let it toose in the
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field, when it proceeds to prey upon the pest, reducing it to impotence.
A vast smount of experimental work has been done on the subject
by some of the ablest entomologists in the world, and some striking
suitceesses have been obtained, nrtably in the Hawaiian islands, by
introducing the parasites of a2 pest, but elsewhere there have been
numerons failures. :

In 8t. Kitts the sugar cane horer appears to have been consider-
ably reduced by the parasite Lizophaga digdraeae, and pests of other
crops have been suceessfully eontrolled in New Zealand, Calj,ﬁo-rrﬁi
and Cuba, In Canada the lareh saw fly and another saw fly
{Diprion frutetorum), the oriental Peach Moth, and, on the Pacifie
slope, the Hawthorn Seale (Lecansum coryly), all accidentally
introduced from other eountries, have been successfully controlled by
parasites,

On the other hand in the United States the Gypsey Moth and
the European corn borer, both introduced pests, remain major pests
even after years of work and the expenditure of millions of dollars
on introdueing parasites. And in Mauriting the parasites Tiphig
paralella introduced from Barbadoes, while redueing the intensity of
attack of the root pest of sugar cane (Phytalus Smithi), still left it
& serious problem,

Generally speaking the successes have been obtained in islands
or, if on Continents, with introduced pests. I have failed to find
any good instance of a mative pest being satisfacterily controlled
by an introduced parasite in a Continental region. The problem of
the sagar cana borer in India falls within this last category : it is an
indigenous pest of an indigenous erop and India is a Continental
region. (1)

Of course this does not mean that no suceess ever will be attained.
but simply that suecess cannot be comfidently ecounted upon, and
the work if begun must be eontinned over a period of years without
expecting speedy results ; meanwhile efforts in other directions should
continue.

No good direct method of conirel for borers, however, is known
and in view of the heavy loss they cause it is very desirable that an
expert should visit India and report on {he question whether biological
eontrol should be attempted ; if so, on what lines, and whether any
pther methods would offer any better chance of snecess.

Control of insect and fungus pests is not simply a matter of
scientific  investigation : it involves difficult edueational and
administrative problems. Some degree of compulsion is necessary ;
and since there must be speedy and uniform action it is essential
to have some central control in addition to that exercised by the
Provineial Departments. Pests spread regardless of political
boundaries and rapid action against them may have to be taken.

(1) A full account of the present position of the subject is pgiven in a
recent book ‘‘ The Biological Control of Insects ', Harvey I. Sweetman,
Cornstock, Pub. Co., Ithaca, N. Y., 1936.

. Accounts of outstanding successes are given by T. H. C. Taylor, ** Theo
BmloglcallControl of an Iuseet in Fiji '’, Imp. ngst., Entom., 1937, Also =z
8. D. Tothill, T. H. C. Taylor and R. W, Paine, ‘¢ The Coconut Moll in Fiji *’,
Ymp. Inst, Eotom., 1930.
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Locusts bred in Baluchistan fly into Sind and Rajputana and breed
again ; they may fly into the Panjab, United Provinces and.Bengal
and breed, and the boppers may do great damage. Control in these
provinees, Lowever, is ¢umbersome and expensive ; it should if
possible be effected at an ecarlier stage. The rust of wheat comes
from the hills of Nepal and the Nilgiris ; its minute sj.ores blow
down into the plains where tliey greatly damage the wheat. But
~- gontrol is possible only in the hills. The San Jose scale, a deadly
Foredgn pest of frudt trees, got into Kashmir where energetic steps
shouled at onee have been tal.en against it : it is now spreading through
Northern Tndia. These pests ofter do more harm in the Province
to whieh they pass than ip that from whieh they have come and it
is of course far more economical to coutrol themn before they arrivy
than to wait till they are in.

Two methods seem suitable for obtaining the technieal informa-
tion needed by the Central Control body :—

(1) The Council could continue to make grants as at present
for studying plant pests and diseases in the Provineces ;
it eould organise teams of specialists for particular
erops, e.g., cotton, suzar cane, ete., and it eould arrange
for the Imperial Research Institute fo cvo.ordinate the
results and to colleet imformaiicn showing whether the
diseases and pesis are inereasing or decreasing. When
the necessity for gencral action seemed indicated the
Conneil cowld eall together their experts and those of
the Provinees concerned to draw up a statement show.
ing what steps should be taken to limit the damage
done,

(2) Alternatively the Couneil eould hand over the study of
pests and diseases to the Tmperial Beseareh Institute,
leaving that body to keep toucn with the Provinees and
to draw up from time to time statements showing what
action should be taken in regard to particular pests or
disenses,

In view of the eircumstances that pests and diseases have to be
wtudied in the areas where they oceur it seems better to adopt the
first of these mlternatives and to keep the technical problems in the
Jhands of the Counctl but using the Research Institute as the agency
for caollecting and eellating the information aegumulated.

In any case executive aclion in regard to pest and disease control
:ghonld be entirely out of the hands of the Ceunecil. The Central
1Government should include it with infectious animal and human
«lizeases, ‘s Teguiring on occasion more gepneral megsures on uniform
Iines than is possible Tor the Provineial (overnments to adopt.

The adviee of the Couneil can, however, quite properly be sought
by the Government as to ‘the measures to he taken.
"Weed :contral,
Various weeds are spreading and need serious attention : experi-

smmental work is required in the first instanee to discover suitable
wcantrol measures ; and then administrative action to see that the
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preseribed methods are properly carried out. Among the worst
weeds 1 saw were the water hyacinth, lantana, Kans grass, and, in
Mysore, Touch-me-not (Mimosa pudica). ‘

(3) THE BETTER CONTROL OF WATER SUPPLY FOR THE CROFS.

The water supply to the crops is of supreme importance in
Indian agriculture and I recommend that the work in this direction
ghould be strenpthened, -

Two types of problems are involved ;: dry farming and ifriga-
tion.

The dry farming problems are studied at a group of stations in
Central India respectively under the Bombay, Hyderabad and Madras
Governments. The fact that they are all engaged on one co-ordinated
scheme in spite of the diversity of their forms of administration is a
striking tribute to the unifying influence of the Council’s activities.

The work would gain considerably if a good soil physicist could
be brought into it and also an engineer, in view of the close associa-
tion of dry farming with soil erosion. The possibility should be
considered of linking the work of these Stations not only with the
Poona Agricultural College as at present but also with the Bombay
Irrigation Research Station, which would mean of course a widening
of the scope of the latter. The needs are two fold : better ways of
satisfying the requirements of the present approved dry farming
zmethods ; and a fresh set of ideas on the subject. The workers at
present are rather isolated, and if they could form part of a larger
group their chaneces of finding new methods and ideas would be
increased, '

An ANl.Indis Irrigation Research Station, '

~ The development of irrigation is one of the most remarkahle
features of modern India. Three sources of water are used :—

(1) canals from the great rivers—either snow fed rivers, or
rain fed, and therefore requiring storage arrange-
ments ;

(2) wells from the underground supplies in the plaing ;
(3) tanks filled by rain or streams trained down into them..

The area now irrigated is very large. Out of 227 million acres
sown in British India in 1934-35, 50.5 million were irrigated ;
practically half (26 million acres) from canals, and one quarter
(12.5 million acres) from wells ; further schemes are being dis-
cussed. A striking development is the combination of irrigation
works with the gencration of electricity which. promises to effect
inal‘ke(c})ehanges in the life of the larger villages and smaller
WL

(1) The Meerut tube well scheme under the supervision of Sir Williaml
Btumpe i3 a mntable example of a well planned effort to combing water supply
With olectricivy and with such amenities as bathing and washing facilities.
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The supplying of water to the cultivator is the business of the
irrigation engineer, and is usually well done in India. Tweo of the
large provinces where irrigation is important, the Punjab and
Bombay, (1} have Research organisations and other provinees Ilz_we
Research Officers who, however, are not infrequently charged with
other duties also.

- But the supplying of the water is only a part of the problem.
A much more difficult matter is to usé it advantageously so as to
ensure permanent benefit to the district, and repayment of the heavy
capital costs, When a great dam or barrage has been opencd with
much eceremony and flourish of trumpets it must always be
remembered that the problems still remaining are gréater than those
already overcome becAuse they are more eontinuous, more subtle, and
much less under the control of the experimenter.

Three great groups of agricultural problems arise.

(1) Selection or if necessary production of new varieties of
crops suited to the new conditions. New gelections and hybrids are
produced in many parts of India and interchange should be freely
arranged between the various staffs concerned. The final selection
must necessarily be made in the region where the erop is to be grown,

{2) The designing of new eropping schemes. Usually the water
supply is not entirely continuons but more I8 available at gsome seasons
than at others. The eropping has to be so arranged that the best
use can be made of the water and of the man and bulloek labour
available, Much more attention should be paid to this troublesome
problem of arranging & sequence of crops at once profitable to the
grower and permitting the hest use to be made of the water. The
potential improvement is shown by the fact thit even now some
cultivators sueceed in making the water go much faurther than
others : some of the Punjab sequences are admirable : while some of
the larger cultivators have worked out methods that deserve detailed
study and trial elsewhere.

In eanal irrigation the water must be taken when it is given
and the cropping scheme adjusted to the supply available. In
planning a new canal irrigation project, therefore, the proposed
cropping scheme should be as fully and as carefully considered as the
engineering details.

Where the water is supplied from tube wells greater control of
the supply on the individual farms is possible, and therefore greater
flexibility in the cropping scheme, Another set of problems then
arises : the best times to supply the water to each crop and the
optimum quantities to give.

These problems are fairly straightforward and present no special
peculiarity.

The soil problems, however, are much more difficult, especially
in regions of canal irrigation. Waterlogring and neutral salts can
be dealt with, though the treatment may be very costly, but behind
every large irrigation scheme there lurks the spectre of the alkali

(1) Trrigaticn is chiefly by canals in the Panjab and from tanks in Bombay,
The Bombay schemecs are largely concerned with prevention of famine,
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problem, for which in its final stages no economic solution has yet
been found. Well designed experiments would no doubt suggest
methods of dealing with the inciplent stages when actipn ig possible,
and these should certainly be undertaken as early as possible. Constant
watch should also be maintained to ascertain whether the salted and
waterlogezed areas are increasing or decreasing. Photographic aerial
surveys would probably be the speediest and most effective means of
doing this.

It may be laid down &s an sbsolute rule that no irrigation scheme
should ever be carried out until a proper soil survey of the region
has been made. Areas containing salt or liable to serious water-
logging should only be brought into the scheme after considerat_mn.
This may necessitate a survey of the floor of the region, as described
on page 128. A good preliminary survey reduces the risk of
trouble to & minimum : but it is always there and on some of the
existing schemes it is considerable.

All the vgrious problems concerned are being studied at some
or other of the research Institutions, but the work is scattered, it is
uneven in quality and in scale, and it lacks unified direction. I
strongly recommend the establishment of a Central Irrigation
Research Station to undertake investigations on all  agrieultural
problems associated with irrigation, and to supervise or be closely
linked up with other irrigation investigations supported by the
Couneil. The Station must be situated in the heart of a large
irrigated ares : the Punjab or Sind are obvious possibilities, probably
the Punjab would be better as it ecould there be closely associated with
the existing Institution at Lahore and with the college at Lyallpur.

But I cannot too strongly emphasise the diffieulty of the work
and the necessity for choosing the staff solely on the ground of their
ability to do it. Suitable men are extremely secarce, and any
restriction on the choice is likely to prove fatal to the scheme.

The Lahore Institute would remain as at present the centre for
engineering research. It is so well staffed that it could probably
widen its scope and undertake research on the surfacing of earth
roads in rural distriets, a subjeet which is not so remote from its
present work as might at first sight appear. I suggest that the
Couneil consider the advisability of discussing this possibility with
the Irrigation Department.

(4) PREVENTION OF S0IL FROSION.

In natural conditions the soil is usually covered with & growth
of vegetation which protects it against the disintegrating effects of
wind and rain and so enables it to remain permanently in position.
In gencral the higher the rainfall the denser the eover, and in wet
r;afgiotl;s where forest or grassland develops well the protection is very
eifeclive.

. . As soon, however, as the protecting cover is removed the soil is
liable to be earried away by wind or by water—usually in India by
water—and damage is caused in three distinet Ways t—

(1) the removal of the soil makes the affected area useless and
it may lead to the scooping out of great ravines ;

v
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(2) the soil that is washed away may injure the land on which
it is deposited, or it may silt up canals and rivers, and
80 lead to the washing away of river banks or even to
floods ;

(8) while the vegetation cover is intaet the rain water soaks
in, accumulating as underground storves or breaking out
in springs and steadily flowing streams. With the
removal of the vegetation cover it is no longer able to
do this and instead runs off as flood water. The stores
of underground water are therefore mno longer
replenished : wells, springs and lit:le streams may all
run dry. Floods take their place.

The removal of the vegetation cover usually results from an
inerease in nnmbers of human Leings or of animals. Erosion is
particularly liable to happen on sloping ground either in moderately
wet or in dry regions. The ususl causes of removal are ;—

(1) Deforestation.

(2) Heavy grazing.

(3) Sessonal concentration of migrant flooks on the alpine
migration routes,

{4) Ploughing or clean enltivation of sloping land,

(5) Fire, ar in jhuming.

The forest officers are so thoroughly familiar with the dangers
of deforestalion that they are not likely to allow improper cutting
of timber where they have authority to stop it. Uncontrolled grazing,
however, i a much more serious matter because the mischiet is not
at first obvious : it may become a grave danger and wider powers
of control should be given to the officers in the interests of the villagers
themselves, (1) Goats are in general regarded as the most destructive
of all animals, ruining vegetation and soil alike, but buffaloes and
cattle may be as bad or worse, especially in damaging trees. Rota-
tional grazing can be 0 monaged as to provide at least as mueh fodder
ns unrestricted grazing, without deterioration of herbagre or erosion
of soil,

Cultivating up and down the slope of a hill, or setting the lines
of erops, e.g., potatoes in this divection, renders the soil liable to very
serious erosion. So also does the clean cultivation of tea or coffee
plantations on sloping ground. Green cover erops are, from this
point of view, much hetter ; they can be dug in for manure and so
help the bushes to grow till they themselves cover the ground.

Jhuming as practised in Assam is liable to lead to erosionm, and
experiments could usefully be undertaken io reduce the risk.

Erosion is not eonfined to regions of high rainfall : it occurs
also in dry regmns The rainfall when it comes is apt to be torrential
and the proteutmg cover is only light so that once erosion begins it
may become serious.

(1) Bir €. G. Trevor reports that in the Etawah region 8o good a erass eovar
developed after closing to grazing that erosion eniirely ceased. Many other
ingtances are on record.
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Both in wet and in dry regions the remedy for erosion is based
on the same principle ; the reduction of the velocity and the amount
of water running off the surface. The crueial area is at the top of
the slope : if water can collect here and start ruaning down it is very
difficult to check.” Several methods can be adopted :—

(1) Afforestation of the top slopes : one of the surest methods
where this is practicable.

(2) Putting the upper slopes into grass, or, if cropping is
necessary, atternate grass and arable strips. This devieo
has also served to prevent sheet or wind erosion. The
grass affords effective protection provided -excessive
grazing is prohibited.

(3) Ploughing along the contour lines instead of across them.

(4) Bunding or terracing.

Bunding is in practice the most usual way of overcoming the

difficulty and it has the advantage not merely of protecting the land
against erosion but also of increasing the water supply to the erop.
' Mueh bunding is already done in the erosion areas but a good
deal more is necessary. In the United Provinces the eonstruction of
bunds is 8 regular famine relief measure ; it is indeed almost ideal for
thils purpose, being a capital improvement of great and permanent
value,

In dry regions the tendency is for the peasants to put the bund
up only at the bottom of the slope, but this is insufficient : small
bunds should be set up at suitable and not too great distances ; in
the North Central division of the Bombay Presidency this has been
done by means of a traetor. For bunding, and more particularly
for the construetion of large embankments, the Bombay Agricultural
Department has given advice and the Revenue Department has
advanced money at moderate rates of interest in the Southern district
sinee 1921.(1)

Cases are, however, recorded where bunding has done harm by
causing the water to stand too long on the soil. Here some additional
measure, sieh as eontour ploughing, seems needed.

So far as funds have allowed, the Forestry Department has for
many years been setting up embankments in the ravines within their
control in the foothills of the Punjab so as to colleet the silt and
make approximately level surfaces on which trees can be planted,
Large areas have been closed to grazing and left undisturbed in grass
and some of them give revenue of as much as 16 annag per acre for
grass eutting compared with 14 annas per acre for grazing., These
reclaimed areas absorb much of the rain water falling on them and
so reduce greatly the violence of the floods. This of course greatly
benefits the plains, for the canals are no longer so badly silted up
and the rivers no longer erode the fields on their banks.

Only about one-tenth of the foothill region of the Punjab, how-
ever, is under control of the Forestry Department. On this a
vegetation cover is maintained. but the rest is partly under some

(1) An acconnt of the Bombay work on the subject is given in a Reporl
to the Crop and Soil Wing of the Board of Agrieulture in 1935, p. 259,
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form of eultivation and partly used as hill grazing. No Government
Department exercises much eontrol, and mismanagement is common.

In dealing with soil erosion the need is for more action rather than
more research. In sgpite of numerous and protracted investigations
by competent workers in the United States and elsewhere it has not
been found possible to disecover anything more than very general
relationships between erodability of soil and chemieal or physieal
composition. The environmental factors are extremely important as
also are the ways in which the soil constituents are built up into
crumbs and the distribution of root residues in the soil. I see no
point in spending time and money on approaching the subjeet from
the laboratory end ; the problem is in the field and there it should be
worked out. ‘

The measurements of the amount of soil lost by erosion in India
are only few and very variable : they range from 1 ton to 115 tons
per acre, depending on the amount of cover and other conditions.

Prolection against erosion should be a State responsibility and
not left entirely to the individual. The cultivators in the critical
positions may be unable or unwilling to spend money on the neces-
sary protective works. In all Provinces where erosion is likely to
occur an Erosion Conference should be held annually at which
forestry, animal husbandry, and soil experts should meet the agricul-
tural staffs and, after receiving from them reports on the districts
where erosion is liable to oecur, should discuss with them modes of
checking or remedying it, dealing with each erosion area as a whole.
The Minister should then have the power to earry out the recom-
mendations, levying a rate on all land thus protected. The Tennessee
Valley Authority in the United States is an example of the way in
which a statutory body of this kind funetions. It is achieving results
hitherto regarded as impossible,

(5) BETTER USE OF MANURES AND FERTILIZERS.

Every writer on Indian agriculture has commented on the waste-
ful practice of making manure into cakes and burning it, but it goes
on unabated for the simple reason that no other equally useful fuel
is available : the manure cakes need no cutting up, like wood ; and
they burn slowly. The only way of stopping the praetice is to pro-
vide an alternative supply of fuel

The rapid and almost eomplete change from the old village-
made lamp to the machine-produced hurrieane or bracket oi! lamp
raises the gquestion whether oil stoves are ever likely fo come into
such general use for cooking in the villazes as they have in the
towns. We may best leave this to the future : in the meantime the
most hopeful method is to plant quick growing trees near the viliage.
preferably on the side from which shelter would be an advantage as
protection against discomfort or soil erosgion.

Castor and neem cakes are also much used as manure especially
for sugar cane and this is justified sinee they are unsuitable for feed-
ing to live stock.

H30ICAR r
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(Composting of wasie materials is now a recognised part of the
activity both of the experiment stations and of the village improve-
ment associations, and we may expect some addition to the manurial
resources of the eountry as a result. [ could find liftle direet
evidenee as to the fertilizer value of compost as compared with oil
cakes or artificial fertilizers, but from the low content of Indian soils
in nitrogen and organic carbon. averaging about (.05 and 0.6 per
cent. respectively—abont one-third the wvalues in arable =oils in
England-—it is inferred that organie manures are greatly needed. 1In
any case, however, composting is to be encouraged in the villages on
sanitary grounds even apart from any fertilizer value.

N P .
Green manuring is included in the schemes at several of the

stations and should be tried wherever paddy is grown,

Until about ten vears ago there was little systematic experimental
work on artificial fertilizers, the relatively small amounts used being
taken almost entirely by tea growers, From 1926 onwards, however,
the large fertilizer organisations dealing with India have attempted
with some promise of suecess to develop the use of fertilizers for
general agriculture : the South, I am informed, is more ‘¢ fertilizer
minded *’ than the North,

The results given by fertilizers depend almost entirely on the
water supply. In regions of precarious rainfall or inadequate irriga-
tion, artifieial fertilizers usually fail and organic manures are erratic
in their action. With good moisture supply artificial fertilizers are
more effective. Nitrogenous fertilizers usually give the largest
returns. In some of the experiments one maund of sulphate of
ammonia in addition to the normal light manuring gave the follow-
ing additional maunds of produce :—

55 sugar cane, 1 tea.

5 sugar. 45 paddy.
15 potatoes. 3 wheat.

1.2 leaf tobacco. 1.6 seed cotton.

Concentrated organic manures. oileakes, fish manures, hoof meal
also gave good returns. Phosphatic fertilizers (superphosphate)
usually aeted well especially in the erystalline tracts of Peninsular
india, but only when in eombination with nitrogenous {fertilizer.
Potassie fertilizers are effective for certain special erops such as
tobaceo.

Little is known as to the most suitable time of application of the
fertilizer : at the time of planting appears to be best except for
sugar cane for whieh two instalments are given. Little information
is available about the proportions of nitrogen, phosphorus and
potassinm required for different soils and erops or the proportions
in which organi¢ manure should be used. .

Speaking generally the fertilizer and manurial trials at the
experiment stations need to be more systematic so as to show the
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relative value of different forms of nitrogen and of different dressings
per acre. They should not, however, be confiued to the station but
some simplified form should be tried as widely as praeticable on
cultivators ficlds and the chemist should receive samnples of the soils
so that he may see if any relation exists between the field results and
the data given by the reeognised methods of soil analysis. [t wm_ﬂd
be of considerable advantage if this work could be done in association
with the large fertilizer organisations who have already collected con-
siderable information on the subject and who have a wide experience
of the types of experiment possible,

Some provinces, e.g., Madras have already effected a certain
degree of co-operation. .

{6) BETTER IMPLEMENTS AND CULTIVATION,

Considerable efforts have been made in recent years to improve
the implements, but there is seope for much more work on this subjeet
especially on the developmental side. The new implements are not
always more effective than the old when these are worked in the best
way pessible, but they are lighter, require less labour of man and of
bullocks, and they do their work more rapidly. It is difficult to
over estimate the value of these advantages. Economy of buillock
power means that the large cultivator need not possess so many
bulloeks and so can better feed his milch catle ; and speed of work
means that operations can be done just when neeessary, and when
therefore they are most beneficial., This more rapid ecultivation
would be of advantage in keeping down weeds and in improving the
moisture supply in dry regions.

Numerous experiments have been made in the technique of
demeonstrating the value of the new implements : references to some of
these are made in Part II.

So far the new ploughs seem to have been taken up more rapidly
than anything else. 1 saw various improved water lifts demonstrated
but not in ordinary use. The greatest task of all, however, is the
improvement of the bulloek eart, at present a cause of strain on the
road, the bulloeck and the other travellers. Ball bearines and
subsidised rubber tyres are being tried, but the problem may be much
diminished by the development of motor transport.

Co-operative societies where they funection are probably the best
means of spreading improved implements.

(7) BEITER SYSTEMS OF CROPPING,
These are discussed in Part IL

1 was muech impressed by some of the good sequences of crops
n the Punjab and the United Provinces : experience generally is in
‘avour of rotations rather than single eropping. Rice is of eourse
he great diffieulty : alternative crops and sequences are easier to
irrange on light than on heavy soils, especially those lable to be
looded.

130ICAR F 9
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‘ CHAPTER 4 :
‘Bpecial difficulties confronting Indian agriculture.
{1) THE ABSENCE OF AN EDUCATED CLASS FROM THE VILLAGE.

As compared with other countries India suffers specially great
diffieulties in the speeding up of agricultural improvements :
illiteracy : debt : the inertia that "ecomes of malnotrition and
illhealth : the excessive numbers of livestock : the efforts of social
customs (using the term ipn its widest sense) and of social structure
and the fact that there are something of the order of 700,000 villages ;
and it cannot be expeeted that these difficulties will easily be
overcome.

Perhaps the most serious of all the diffienlties confronting
Indian agriculiure is the lack of an agricultural aristocracy and of
an educated agricultural middle class. Many of the great advances
in Western agriculiure are due o men of this type : highly com-
petent. agriculturists. rooted in the soil. with a thorough knowledge
of crops and livestock and a shrewd idea of how to get the most out
of their land. Tt is quite certain tha: without them the West would
have beeu in a far poorer position than it now holds. In Great
Britain an improvement effeeted in the experiment stations cap be at
onee put out into oractice : some large farmer is prepared to try it
_at his own expense as soon as he is satisfled as to its value, and he
almost invariably finds some simpler or better way of using it.
But these good furmers also themmelves devise improvements, whieh
are sometimes better than those of the experiment stations. Indeed
the experiment statinug think themselves fortunate if they can
obtain yields as good as those of the best farmers, and their best
‘hopes of sueeess are to overcome some special difficulty or to develop
alternative methods of achieving some desired end. The staffs of
the experiment stations are ecompelled to keep in touch with practieal
men or they would find themselves outelassed in the struggle for
agricultural dmprovement.

The existenee of these educated class gives a soeial attractive-
ness to life in the country. _—

Unfortunately Tndia has nothing cotresponding with this
educated elass. The landowners are largelvy town dwellers and many
of those who reside in the village are not themselves farming on any
important scale. There are of course exceptions : T met some enter-
prising large farmers(!) and energetic Zemindars who were
practising agricuMure well and servine as models for the surround-
ing cultivators. Men of this kind deserve ecommendation and recog-
nition and efforts should be made to inerease their number,

Equally important iz the need for inereasing the number of
edueated farmers Tt is unfortunate that the ecolleges have been
able to do so little in this direction. Perhaps the greatest difference

(1} Especially in the irrii_gi.-'\ted regions of Sind and the Punjab and al

in North Bihar : a number of these are European. The tea and coffeo plant.erg
are of course in a different eategory.



61

between the agrieultural eolleges in [ndia and those of the West is
that most of the western students go back to the land to do practical
farming while the Indian agricultural graduates seek sowe nop-
practical post. where their influence on practical farming is very
small. An old Hindu proverb states that agriculture is the best life
and serviee the worst : the modern tendency is to reverse this and to
ravk Government service as the besi [ife and agriculture as the
worst. This explains the relatively small effects exerted by the
indian colleges on the cultivator’s praetice.  Unfil good students
from the agricultural eclleges selile on the land as farmers the
Colleges cannet be expected to exert much influence on village life.
At each centre I visited I enquired how many College students
were farming : cceasionally figures were given tu me aud T enquired
for names and addresses, so that I wight write for infurmation, but
my letters were mostly either velurned or unanswered, and in all
my journeys ! met only two or three college trained farmers. Per
contra, the few young Zemindars whom I found (aking pains with
their farming had in general not been to an Agricultural College.

Yet ihe College trained farmer should be a great asset in a
district : indeed ome of them told me that as a non-official he had
special advantages in introducing better varieties of seeds, green
manure crops, proper rotation. manuring, more economiecal utiliza-
tien of water, fruit culture. beekeeping, and co-operative marketing.
He had suceeeded with his farming and desired to extend the area
of his land, but met with the difficuliy that only common grazing
land was available and the villagers objected to giving this up. Tt is
possible that my experience was exceptional. The subject is, how-
ever, so important that an enguiry should be made as to why so few
agricultural students settle on the land, and to suggest ways of
inercasing the numbers. '

Lack of facilities is undoubiedly one reason and indeed 1 was
informed that in Oudb some of the large landowners who are pre-
pared to empley gradustes as farm managers have no difficulty in
obtaining them. But this outlet is insufficient to solve the problem.

Several experiments in land settlement are heineg tried. An
‘¢ Auxiliary Farm 77 has been set up at Daduv in Sind for agrienl-
tural students who wish to take uwp practical farming : two men are
given a holding of 32 acres for two vears : they must themselves do
the eunltivation under the tnition of the staf. At the end of that
time. however, they must find other land. :

In Bombay a scheme is in operation under the Forestry Depart-
ment whereby a cultivator is allotted land for a definite period of
vears on eondition that he plants it with trees, and. at the end of his
period, quits the holding. This scheme is applied to the poor land-
less classes buf it seems possible that something on similar lines but
of longer period might be set up for agricultural students.

While the settling of individual trained men in villages would
be of advantage to the villagers it might be very dull for the mer
themselves owing to the lack of social life. An experiment made i
the Punjab deserves special mention wecause it avoids this difficulty
it eonsists in settling literate young men in newly created villages
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It began in 1927 when the late Sir Fazl-i-llusain returned from a
visit to Switzerland and France wuch impressed by the high standard
of living on the small farms there ; and feeling that village life in
the Punjab offered no attraetion to an edueated young man, he pro-
posed to establish two model villages in the canal colony for educated
young men prepared to live there, to cultivate the land themselves
and to set better standards of farming and of living. This was done.
Each village had 22 settlers selected by the colleges—20 from the
Luhore Art Colleges, 2 from Lyallpur Agricultural College, and each
settler was to have two squares of land (554 acres). Rights of
occupancy were granted after 5 years provided all conditions were
fulfilled, but no proprietory rights. One square (27.8 acres) was
reserved for the village site, and 3 squares to provide a common
income for the village,

In 1935 the Government extended the scheme to another 60
settlers, 18 ordinary and 42 agricultural graduates. 28 retrenched
agrienltural assistants have also been settled.

As an inducement to better farming 2 half rectangles (12§
acres) are granted to the two cultivators who in the opinion of the
Agricultural Department deserve it best ; each one holds his
rectangle for 3 vears.

I had the privilege of discussing these schemes with His Exeel-
lency Sir H. W. Emerson, Governor of the Punjub, who informed
me that they are working well, and it seems desirable to extend
them.

None of these sehemes is more than a small scale preliminary
trial : yet if ome of them succeeded in its object there would be
possibilities of considerable development. IProbably the best chance
of sueceess would be in the direetion of specialised farming such as
dairying, fruit growing, ete.

{2) THE BURDEN OF DEBT : TUE BANIA.

In many of the villages that I visited where rural uplift was
being done T was shown balanee sheets purporting to represent the
income and expenditure of various seleeted families. Almest in-
variably there was a defieit which I was informed was made up by
borrowing from the bamia and this process has been going on for
many years. The Central Banking Enquiry Committee of 1930
estima‘ed the total rural indebtedness of India at reughly 900 crores
(roughly £675,000,000) and ihe Reserve Bank considers that the
figure has incereased since then. Whether the debt ean ever be repaid
is a question that lies outside my province : I am eoncerned only
with the effects on agricultural output.

It is freely stated that the eultivator feels so depressed by his
burden of debt and he is unwilling to bestir himself to adopt new
methods as he will gain no advantage theretrom. There may be
some:hing in this : on the other hand the bania would in bis own
interest be expected {o see that the land is made to yield its utmost so
as to be sure of preserving his capital and the continuity of interest
payment. The bania could be, and in some districts is, a potent
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factor in the introduction of seed of new varieties. In the Reserve
Bank Report for 1936 he is described as playing an important und
indispensible part in the economy of the couniryside, and the only
agency for supplying the eredil necessary for farm produetion, co.
operative societies having failed to do this. If e could be enlisted
in the eause of agricultural unprovemen! he might be able to
expeditc matters.
{3) TiE SLOW PROORESS OF THE CO-UPERATIVE MOVEMENT,

In view of the enormous success of co-operation in improving
village life in the west. hopes were naturally entertained that
similar results would follow in India and aceordingly great efforts
have been made to introdnce it. Unfortunately it has not in general/
suceeeded. Tt usually took the form of credit socicties. financed
from a central bank, and while these societies had ng difficulty in
lending the money, they were generally unable to get it back again.|
Money that should have been restricted to short term eredit for pro-:
ductive purposes was used for long term and non-productive pur-j
poses and so became immobilised. A large part of it will probably]
have to be written off as irrecoverable. Some non-credit societies
were formed, but these attracted less interest and usually had but
little success.

Yet it is no fault of the system : the conditions were not quite
suitable. The outstanding instance of suecess in co-operation is
Denmark, a land of small farmers : and it has given them a standard
of living that is the envy of the civilised world. Four essential con-
ditions of suceess are all present in Denmark —

{1} The village population iz homogencous : there is nothing
corresponding with the easte distinetions ;

13

The eultivators are all literate ;

e
0
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From the omtset People’s ITigh 8«hools were set up where
the cultivators were laught betfer living, both in the
home and the village, and where ideas of corporate
responsibility in village and national life were ineul
eated.

(4) The Co-operative Rocieties are mostly trading societies,
taking over the produce from the culiivator, working
it up into marketable form and seliing it for him.  Also
thiey supply him with all materials for use in the home
ani! on the farm., They are mainly finaneed by the
Joral savines institutes and banks, and the members
are jointly and severally liable for the loan. In their
caparily of depositors at the local savines bhank the
memhers of  the Co-operative  Socicties  themselves
provide a smbstantia} part of the funds : it iz their own
meoner that iz lent to members. and in consequence each
borrower {eels himself under the nccessity of repay-
ment,

Unfortunately none of these eonditions is satisfied in Tndia and
80 long as this is so the Co-operative movement is under great
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difficulties. Something has, however, been achieved and the case
is Iy no means hopeless, A certain measure of success has been
obtained in the Punjab as a result of strict official supervision and
in tiie ombay Presidency where a number of publie spirited busi-
ness men took an interest in the Soeieties and saw that they were
kept on scund lines. The Bombay Provincial Co-operative Bank is
under thi guidance of Sir Chunilal V. Mehta ant Mz, V. L. Mehta,
and some of the non.eredit societies have succeeded, notably the
Cotton fules Soeleties. 1 was informed also that the Visva-Bharati
Societies  are working satisfactorily ; here the leadership is from
Sriniketa::. So far as one can see there is still some chance for the
co-operative movement provided strong external management 1s
available und the credit activities can be associated with a thrift
movemen!. the village savings going in to the society. Probably
these conditions are only rarely obtainable(!), and excepting where,
as in Boinbay aud the Punjab, a firm business directorate takes
control, it seems unlikely that much can be expected from co-opera-
tive enterprises.

{4) THE FRAGMENTATION AND SCATTERING OF HOLDINGS,

Another very serious weakness in Indian agriculture is the
fragmeniation and seattering of holdings. The laws of inheritance
lead to numerous ownerships and thus tend to make the holdings
small, and custorn scatters them over a wide range so that a eultivator
may lose considerable time in going from one of his plots to another.
Consolidation of the scattered holdings into one piece is extremely
desirable, but the difficulties are very great. The problem is not
peenliar in India : other eountries have had to solve it but it has
never heen easy. In England eonsolidation was effected in the 17th
and 18th centuries but only after serious trouble. In Poland it is
being brought about now but with much objection from the peasantry.
But it has to he done, Some officers appear to be more successful
than others In persuading the cultivators to agree to exchange of
land : men like this shonld be kept at the work and not transferred
to other dutles.

Speeial mention mmst be made of the good work being done
by the Punjab Co-operative Land Consolidation Societies.

Where consolidation of holdings eannot be achieved it may be
possible to earry out the next best improvement and consolidate the
cropping, straightening also the boundaries, This has been done
in the tubhe well irrigation districts of the United Provinces (Meerut
Division) and eropping has been greatly facilitated in consequence.

The fragmentation of holdings, however, is a more deep-seated
matter and may he incapable of remedy. Yet unless some solution
is found the rate of progress must be extremely slow.

. (1) A good discession of the position of Co-operation in India is eontained
ﬁaghe Report of the Reserve Bank of India, Agrieultural Credit Department,
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Subinfeundaiion—In the premanently settled districts another
difficulty arises. The tenant does not hold his land direct from the
landlord who pays revenue to the Government : in between these
may be a long ehain of intermediate holders, each of whom takes &
little profit as his share.(!) It is not casy Tto estimate the gffepts
on agriculiure of a series of rent recetvers who feel no responsibility
either 1o the land or the tenant,

(5 THE LAUK OF TECHNICAL EDUCATION FOR THUE CHILDREN AND YOUNG
PEOPLE.

The sehool garden is widely recognised as the best way of
imparting technical knowledge to young people in the villages. A
school without a garden is very apt to become an agency for taking
young people out of the villages : with a garden it becomes a means
of helping them to improve their life there. A few schools have
gardens and at the Lyallpur College | saw a group of rural feachers
working mn the College garden with a view to introducing new
material mmto their own courses. i3ut in the main the schools are
without gardens and it should be part of the rural uplifi movement
to establish one wherever this may be possible.

(6) THEF LACK OF SUBSIDIARY INDUSTRIES.

The cultivator frequently cannot maintain himself anda his
family on the procceds of his farming. ITe must either borrow or
take on other work. During long periods of the year he has ample
time for tbis, his farming Iabours being very unevenly distributed
over the different menths. In scme plaees he may be able to earn
money by earting, but this is bound to hecoine more precarious as
motor transport develops.  (Clasmal Iabour on the roads or in towns
is also possible hut a mueh better way if it could be developed wounld
be the development of subsidiary imdustries in  the village. The
areat diffienlty i the marketing of the produce and T confess I see
no way of overenming this : nutside of the village itself the demand
for village-made things 13 largely sentimental. Agencies that make
an appeal decper than that of the salesman, sneh as the Visva-
Bharati or Dyal Bagh. are able to keep their groups going, but in
the ordinary wav of business village industries cannot easily stand
up againsi mass production.  The solution of the problem is really in
the hands of the women of India, for if they insisted on purchasing
village-made articles the whole difficulty would disappear. The
Vgomen’s Council of Bombay have, T understand. adopted this line
of action. ‘

) Therq is,_ however, an important exeeption. The hand-loom
industry is widespread and vigorous and appears to be extending,
though not as rapidiv as the power loom industry of the mills. Both

(1} For a remarkable example, sec the Final Report on the Survey and
Settlement Operation in the Bakerganj district, 1900—1908. In this distriet
there are normally 8 and sometimes as many as 20 intermediate holders.
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home and export trades seem to be well organised. The figures
are —

Handlooms Mills
Millions of yurds{?) Miiliona of yarug
Cotton cloth, Piece goods.
1930-31 .. .. .. . .. 1,390 2,561
1631-32 .. . . .. .. 1,500 2,990
1432-33 .. .. .. . .o 1,700 3,170
1933-34 .. .. .. . ..o 1,440 2,945
1934-35 .. . .. .. .. 1,460 3,397
1935-36 .. .- .- . .. 1,840 (provisional) 3,567 (provisionsl)

Anpother village industry, though much more localised is lac : this
also is said to be well organised.

Poultry keeping is a promising way of supplementing the
earnings from the holding. 1 heard good accounts of the work done
by Mr. A. E. Slater, of the Mission Poultry Farm, FEtah, U, P., who
informed me that interest in poultry keeping is growing ; the demand
for good poultry is increasing, and more Ilindus are eating eggs than
formerly. He thinks there are good prospeects of success for poultry
in the villages of the United Provinces. The success of poultry
keeping turns on Lhe marketing where transport facilities exist or
could be ereated there would be the possibility of setting up of col-
lecting stations such as the one organised by Dr. Hateh at
Martandam, Travancore.

Beckeeping also offers possibilities which. however, are probably
somewhat limited. It appears to be more promising in the hills than
in the plaius : e.g., in the submontane region south of the Himalayas
running from Assam to the northwest frontier : also in the Nilgiris.
It generally goes well with fruit culiure. Several of the Provineial
Entomologists and others are studying bees.

{(7) TrE LACK Ov LEADERSHIP IN THE VILLAGES.

Many of these diffieulties would automatically disappear if there
were effective leadership in the village ; one sees fewer signs of them
in those villages—unfortnnateiy few In number—where the chief
owner is also resident and aetively interested in the development of
the place. Mr. Darling yguotes Sir Daniel Ilamilton in the
Sunderbans as an example of a landiord. who organises for his
tenants : he has formed them-—they number several hundreds—into
eredit and marketing co-operative societies, the latter heing authorised
to pay to the former whatever the member owes. A similar lead
could be given in other resions where they are large landowners
provided they would devote the necessary time and trouble to the
work. The village panchayat would be a means of carrying through
any agreed proposals, and under an effective leader could render

(1) From the method of ecaleulation adopted, which is based on yarn
produced in mills and not exported or woven in factories, it is probable that the
variations from year tc year ar: exaggerated.
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useful service. Dut we are always brought back to. the same funda-
mental troable : the absence of an agricultural aristocraey or educaied
agricultural middle class recognising responsibility towards the com-
munity, and so long as that continues the villages must continue to

sutfer. .
The Improvement of the village.

The absence of the educaied middle class agriculturist is
intimately bound up with the unattractiveness of the villages : "che
malnutrition and unhealthiness, and the inertia engendered thereby.
As things stand few educated men or women will veluntarily live in
the village if they can find posts in the town.

The improvement of the village should therefore be an integral
part of the programme for the improvement of agriculture.

Thanks to the persomal interest of the Vieeroy, the movement
for village uplift is spreading widely and is attracting large numbers
of workers of different kinds. This is one of the most hopefal
things in modern India and much experience has now been gained
as to the different methods of procedure. I rccommend that at an
early date a conference of seleected workers be called for the purpose
of putting their experience on record for the guidance of others.
It is extremely easy for village welfare work to degenerate into
sloppy sentimentality from which the villagers gain nothing what-
soever, The only safe foundation on which to work is accurate
knowledge of the facts and careful studies of the probable effects of
proposed remedial measures. The only hope of permanenee is to
implant in the villagers the wish and the readiness to do the work
themselves. So leng as the improvements are done or paid for by
someone outside the village ecommunity it is more than likely that
they will cease altogether when the help is withdrawn. Model
villages set up by henevolent patrons are rarely permancent unless the
spirit of improvement has been deeply inculeated into the people, and
then {lhere is hope for the future, Villagers have cousiderable leisure
in which to do something for the community and omce the eustom
starts they can achieve a great deal. Mr. Darling recently instanced
a distriet in the Punjab where in the last three years the pecple had
spent a comsiderable sum of money in improving the water supply
and the santitation. The progress already made shows what ean be
done, and it is very desirable that the work should be suitably
organised ; always, however, preserving its essentially voluntary
basis and retaining as far as possible the help of those generous and
enthusiastic people who have done so wueh for it already.

The village school.

Now that interest in village life is spreading and schools are
becoming more numerous it is essential that the edueation should from
the outset be on sound lines, A purely literary method is not
suitable : it tends to take boys off the land rather than to show them
how they may lead a fuller life in the village. Reading about nature

study or about the parts of a plant is of little use unless it be done in
the field or the garden where the plant is before the pupil’s eves and
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the things can be seen as well as read about. This Is not the place
for a discussion of methods of rural education, and indeed it must
be admitted that they have been far less fully worked out than
methods suitable for cities, but, as pointed out on page 65, it is
widely agreed that a garden forms an indispensible part of a viliage
school and that the gardens of the district should supply the
material for the teaching of the scholars. Although this problem
lies outside my terms of reference I cannot refrain from pointing
out the desirability of enquiring into practicable metheds for giving
Indian village boys an education that will make them better men and
betier cultivators.(*} It would be a tragedy if the efforts now being
made to educate the children should lead to the depopulation rather
than the betterment of the village,

Bridging the gap between the Experiment Station and the
: Cultivator.

Reference has been made to the fact that the yields at the ex-
periment stations and on the farms of Ruropean cultivators(®) are
not infrequently 50 to 100 per cent. higher than those obtained by
surreunding cultivators : and also to the eireumstance that the new
selections and varieties which represent the highest achievement of
Indian agricultural science are used only to a very limited extent.
The ryvot continues largely unaffected by the enormous efforts made
on his behalf.

Once an improvement starts to come into practice it has some
chanee of spreading : the difficulty is to ensure the beginning.

The present method consists in setting up local demonstration
farms and in doing plot experiments on the enltivator’s land. Sue-
cesses in the demonstration farm tend to be discounted by the eir-
‘eumsfance that Government Departments can do things which

cultivators eannot : and the plot method is limited to trials of new
varieties, new ploughs, ete.

Better resnits would T think be obtained if instead of plots of
an entire holding were used for demonstration, supervised by a
cultivator andd not by a paid Government servant. The best culti-
vator could be selected and reguired to run his holding on a plan that
comprised 211 the improvements which the experimental staff con-
sidered rine for introduction : in return for this he could he furnished

(1% The Achimota methods might be studied.

{2) Colonel Bruce of Brucepur, Lyallpur, has favoured me with the follow-
ing fignres showing his yields as compared with those of his predecessor :—

Maunds per acre.

Col, Bruce’s yields. Previous yields.
Wheat .. .. .. .. 8--24 1
Cotton American 4F .. .. 75 6
Other varieties . . . 13-5 5 .
Gram . . . - 8-—24 11 !

Toria not grown




69

free of charge or at a considerable rebate with the seed, and the loan
of the implement to be demonstrated. A demonstration of this sort
would have a vitality that is at present lacking.

1 attach great importance to requiring the staffs of the experi-
mental farms to make more of their experiments on cultivator’s
land. A weakness of some of the stations I visited was their some-
what closely self-centred life : much time and energy is devoted to
the amassing of data the value of which it is difficult to see, and the
work is confined to the Station. If some of this time and energy
were devoted to experiments on outside farms the work would gain
in value ; the experimeniers would widen their experience and the
cultivators would certainly learn something f{rom them. Some
payment would of course be necessary to compensate for disturbance
of cultivation but the advantages would be considerable.

Much of the extension work, however, must be done orally and
here of course agriecultural officers differ greatly in efficiency. The
really good extension officer, like the good research worker, is born.
not made, and when one is found he should be kept at the work and
should mnot need to seck promotion in some other dircetion.
Dialogues, songs and other devices are all in use, and I shall long
remember the crowd of villages gathered to hear the dialogue
between the peasant who had failed to use his new plough correctly
and the instructor who pointed out where he had gone wrong.

The possibilities of broadeasting deserve fnll investigation.
Prices, addresges and dialogues can be widely disseminated in a
variety of languages. All India Radic has already stations at
Dethi, Calcutta, Bombay and Peshawar and proposes during this
year to set up stations at various other places : Lahore, Lucknow,
Dacea, Madras and Trichinopoly. Rapid progress is being made in
the technique of broadeasting and it may hecome a most efficient
agent in rural education. An integral part of a broadeasting scheme.
however, is some means for giving prompt replies to enqguiries :
without this a great part of its value is lost.
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CHAPTER 5.

The Machinery for dealing with these problems.

These problems are dealt with by the Agricultural Departments
with the Imperial Council of Agricultural Research as the effective
eo-ordinating agency. The Council is organised on a wide basis with
representatives of the contributing bodies and an expert administra-
tive staff : it works through expert Committees composed of men
having special knowledge of the problems concerned, I attended
meetings both of the Committees and of the Council and was much
impressed by the efficiency of the procedure which compares very
favourably with anything I have seen elsewhere. During the short
period of its existence the Council has accomplished a remarkable
amount of good work and I do not see how its resalts eould well be

bettered.
In view of its suecess I suggest some widening of the scope of
the Couneil.

The purpose of the reszearch : the need for wider scope of the
Council.

In pure science HResearch is an end in itself, and the workers’
responsibilities end with the publication of his paper in one of the
scientific journals. Myagricultural research the case is different :
it is not sufficient to point to the inereasing girth of the Jourral as
the measure of suceess : the results must find some expression in the
cultivators’ or planters’ fields or in the subsequent processing. It is
much more difficult to make use of results than to get them, and in
India the stage has been reached where the machinery for gaining
more knowledge is working better than the machinery for utilising
it. The Couneil should henceforward devote muech of its attention
to this problem of applying in practice the results already obtained.

At present the duty of applying the results devolves mainly on
the Provinces, but some degree of centralisation is necessary, just
as in the carrying out of research. The best method of dealing with
this problem in my view would be to set up a Development Com-
mission, whose function would be to work out systematic large scale
olans for the improvement of agriculture and the raising of the
standard of life in the villages, and to provide expert help and advice
0 the administrative Depariments in carrying them through.

The Commission would deal with large groups of problems
neluding— :
{a) Soil Conservation detericration and loss of soll exiaty-
tion and manuring, soil erosion, salt, alkali.

{#) Crop Production. especially the planning of eronping
schemes, the balance between cash, food, and fodder
crops, the fusion of animal husbandry and agriculture.



the improvement of grazing land, the taking of action
on the results of marketing and other economie
enquiries.

(¢} The exploitation of discoveries or processes of commercigl
importance. The Commission would not itself embark
on industrial enterprises but it would smooth the way
for others to do so by helping to bridge the gap befween
the laboratory and the factory, and by giving informa-
tion and adviee to the Commercial body undertaking
the work. Seeing that some kind of monopoly would
usually bave to be granted for a term of years the Com-
mission would advise the Government on the technical
side as to terms that could be accepted.

(d) The multiplication and distribution of seeds of approved
varieties of crops of named varieties of treea.

(e} The improvement of village roads.

The Development Commission and the Council would be so
closely assoctated that it would be most economical both of time and
of money to combine them in one body and to give to the present
Council the wider powers needed for the developmental work. This
would necessitate the appointment of another member of the higher
staff to take eharge of the Development side, but working in close
touch with the present staff : and more assistant staff in order to
liberate the higher staff for the necessary planning and thinking : in
particular (1) an Editor, competent to take over the management
of the Journal, Reports, ete., published from time to time by the
Council, (2) an Expert trained in Geographical Science, (3) an
Expert trained in agricuitural economics both Experts to prepare
critical reports for submission to the higher staff.

With this shifting of emphasis from gaining knowledge to
applying it there would of course be a change in the Council’s expen-
diture. It shonld be accepted as a general principle that the Pro-
vineial Departments should bear a substantial part of the experi-
mental work done on their farms and from which they will derive
benefit ; and the Council’s funds thus liberated would be used for
Developmental work, Further funds would, however, be needed,
and the grant to the Council would require o be angmented : it iy
always costly to take the first steps in applying knowledge. Tt addi-
tion the possibility should be considered of setting up a Development
Fund ont of which grants or lsans could be made for the carrying
out of works proved by the experiments to be both feasible and
advantageous.

The provision of staff.

However perfect the plan. the snccess of the work fostered by
the Couneil is limited primarily by the quality of the men who are
to carry it out. T cannot too strongly emphasise the fact that
eapacity for doing good research work is very rare : it is an inborn
quality which eannot be imparted but can only be developed. On
the other hand the training needed for an assistant can be given to
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anyone, and a large number of people possess the necessary (ualifica-
tions of honesty, industry, and scientific or technical knowledge.
Unfortunate many Universities make no distinetion between the two
classes, and the distinetive iabel does not come till a man is go settled
in his line of work that he is unlikely to make any useful change.

There is little diffieulty in recruiting for Assistant posts, and
4 B.Se. degree of one of the stricter Universities would usually
guarantee suitable preliminary training. 'The Universities differ
greatly in their standards, but this is well known to competent
seleetion Committees.

Before appointing a University man to an agricultural post it
is desirable that he should have a period of post-graduate training
at the lmperial Research Institute at Delhi where Ie should be
attached as assistant to one of the staff and required to read sowmne of
the classical books and memoirs on the subject. He could then take
up his work and if afier a few years he shows promise of development
he should be encouraged to go abroad for two years study leave.

The difficulty of finding really good men for the higher posts
1s very considerazble under any circaomstances, even where the
choice is absolutely free ; directly any limitation is set it becomes
intensified. University degrees afford little guidance,

Selection Cominittee sometimes attach considerable importance
to a Ph.D. degree. The value of this degree, however, depends large-
iy on how und when it is taken. In itself it does mot unecessarily
show 4 man to be a competent research worker or to have had 4 sound
scientifiec training : it only means that he has worked in a lahoratory
where research Is being done, and he was able under guidance tu
write a thesis conforming to certain standards. Here again, un-
fortunately, the btandards are very variable. not only as hetween
different Universities but also as between different subjects in the
same University, and there is no way of disecovering what the par-
ticular standard was. The D.8e, degres of one of the strieter Uni-
versities is safer, but it is by no means an infallible sign of ahility.

Testimonials also differ greatly in value. Much more useful
information is obtained by askjng the Professor under whom the
candidate worked to furnish in confidence a report on his abilities
as a research worker and his suitability for the post.

Numeroug studentz from India go to (reat Britain for post-
graduate training. Usnally they go too young., The change from
an Indian to an ¥English University Institution is so great that it
should not be undertaken till & man has attained a certain maturity
and experience of life and work, and till he knows what is likely to
he most helpful to him in his subsequent carecer, With ssme not-
able exceptions the men who have gained most from posi-craduate
studies in Great Britain have, in my experience, been those who had
previously held a post in one of the Indian Institutions, anl who had
done so well as to justify the privilege of study leave. They know
exactly what kind of training they desire : they have sufficient
experience and breadth of knowledge to be able to find their way
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about the laboratory and the library, and they fit better into a
research atmosphere and gain far more from it than if they come
direct from completing their College course. They seek, of course
1o obtain a Ph.D, degree, but they gain muel more ; they learn .sm;n.‘-,
thing about the standards of work in a recognised good laboratory
they meet and learn to know men of outstanding ability and distisie-
tion, while the serious attention they are able to claim enabley the
staff to form a shrewd opinion of their merits as investigators.

I recommend that the Council should set aside a small fund to
agsist senior men of proved merit to go overseas for training,

The Statnus and permanence of the Staff.

The Council’s schemes are all temporary and in eonseyueace
the men actually doing the work are hampercd by a feeling of
insecurity and exposed to the temptation of making a good show of
results in the hope of an extension of the grant.

It is impossible to avoid the element of temporariness, bul  its
effects could be mitigated in three ways,

(1) A Provident Fund could be set up, which all members of
the Staff would be compelled to join. The (ottun (om-
mittee have already a fund of this kind and iheir
experience would no doubt afford valuable guidance
to the Council.

(2) A Register of satisfactory and efficient research workers
could be established, on which a man who had suecess-
fully completed the investigation assigned to him by
the Couneil eould have his name ituseribed. This could
be brought to the notice of Departments, organisations
or private employers wanting good men.

(3) A selected cadre of proved research workers could be
gradually formed, who would be given permanent posts
and who could be transferred from place ta place to
earry out the investigations fostered by the Couneil.

I recommend that all three methods be adopted, and T am eon-
vinced that the moral effect on the men would be reflected in the
work. No one can do his best when he is worried by fears of the

future.

H30ICAR
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CHAPTER 6.
The Imperial Agricultural Research Institute, New Delhi.

The puspose of this Institution is fo earry out invesiigations of
fundameniad Importanee to India agrienliure in the sume kind
of way as is done ai the Rothamsted Experimental Station or the Agri-
cuitural Kesearch Departments at Washington. The difference in con-
ditions s that Rothawsted is by far the oidest of the British Stations
while the Delli Station is the newest of those in India : and that the
Woshineton Research Departments are under the control of the
Tederal Department of Agrienlture of the United States while there
is no such bedy in India. These differecnces give a spezial eharacier
to the Delhi Institute and they involve it in certain difficulties so that
its position and functions need defining,

Among the Indian Agricultural Rescarch Stations the Delhi
Station occupies a speeial position, being controiled by the Govern-
ment of India and placed under the general charge of the Honour-
able Member for Lrducation, ilealth and Lands. 'The same binister
has charge of the lmperial Council for Agricultural Research so
that the Council and the Institute may be regarded as parallel
oreanisations, hoth responsible to the same Minister, but neither
directly eonnected with the other.

The Research Institute is the direet continuation of the Pusa
Institute, which almost from the outset was found to suffer from
ity isolated posiiion, a difficulty that scems to have become intensi-
fied as time went on.  After the destruction of the Pusa labora-
tories by earthquake in January 1934, it was decided to transfer
the work to New Detht and to build the new laboratories there.
The difficulty of isolation is therefore completely overcome, Certain
other weaknes<es discussed in the various Reports on the reorgani-
sation of Pusa have also been remedied, and the reorganisation of
the Institute seems now to be satisfactorily aceomplished. But
meanwhile there have been some important changes in the position
of agricultural science in India.

When Pusa was founded in 1904 it was the only centre for
general agrieultural rescareh in India,  Individuals such as Drs,
Martin Leake, Darber. Tleetor and others were doing exeelient
work in their respective provinees, but their work was entirely
personal and was jn no way associated with an Institution, Pusa
was intended as a centre where investigations fundamental to aeri-
culture all over India could be carried out, and where agricultural
officers might obtain trustworthy information on any important
agricultural sabjeet.  In its early days the Institute was fortunate
In atfracting some excepfionally able scientific workers : the
Howards, E. J. Butler, II. M. Lefroy and others, and in some res-
peets it completely fulfilled the hopes of its founders : the wheats
bred by the Howards, the masterly studies of the fungus pests
by Butler and of the insect pests by Lefroy, are works of which
any statlon could be proud. But these were all in the nature

\
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of personal triumphs, and it is wellknown that Pusa as an Insti-
tution did not attain the high commanding position in agrieultural
research that had heen expected.

The new Research Institute begins under conditions very
different from those in which the old Pusa started,  There have
been marked changes in af least ilree directions.  The chief co-
ordinating agency in agricultural research in Iudia is undoubled-
ly the Imperial Council for Agriculiural Research. It possesses
the greatest of all powers in a modern state, the power of the purse ;
it receives applications for assistance in rescach from eall  pro-
vineces and eoniributing states, it has fuller knowledge than any
other body or individual of the problems of Indian agrieulture
and of the men who are achieving good waork hewever quietly and
unosteniatiously it may be done. It cambines therefore know-
ledge and power, and it is able to Influenee both the direction and
the execution of research by the way it allucales its graats and
the conditions it attaches to them.  This powerful influence 1is
likely to persist,

Further, agricultural research is no longer confined to one
Station.  The Provincial Departments have organised their own
agricultural institutes, some members of which, with assistance
from the Counecil, are making useful researches, and they fcel no
desire nor indeed have theyv any need to turn to a Central Institute
for help or guidance, Several of the T1lniversitics have inter-
ested themselves in agrienltural science and are earrying out
fundamental investigations on plants and soils.  Some of the other
Departments and non-official organisations have their own research
lahoratories such as the well equipped Irrication Research labe-
ratory at Lahore, the Cottorn Research laboratory at Matunga
(Bombay), the cotton field station at Indore, the Tea Rescarch
Station at Tocklai and others.  These have picked out for them-
selves some of the most important subjects and they are doing
their work so well as 1o leave nothing over for a Central Institute.

Finally, the Imperial Agrienltural Bureaux, and Institules of
Entomology and of Myeology, located at various institutions in
Great Britain, and maintained by the varions Governments of the
Empire, including Tndia, act as clearing honses of information on
agricultural matters, identifying plants, insects, fungi, ete., and
supplying information on the various branches of agricultare.
These Bureaux have highly expert staffs and access to large libra-
ries and herbaria : the need therefore for another clearing house
of information at Delhi is much less than it was a few yeavs ago.

In view of all these developments it micht at first sight appear
that there is little room for a Central Rescarch Tnstitute. I
the Tnstitute confined itself fo the study of fundamantal problems
basic to the work of the Departments withuut having secured the
intellectnal leadership, its results, even if sound, would run the
risk of being ignored so that the work would have little practical
effect.  Intellectual leadership is won cnly by merit and only
slowly : it canpot be achieved by administrative arrangements,

a2
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The Institute may vet win this leadership : it has magnificent
buildings ; some prestige descends from the ofd Pusa ; and it is
known that, in the selcetion ol Staftf, merit and competence are
the ehief determining factors, personzl and communal considera-
tions having no sueh commanding influence as in some of the Pro-
vineial appeintments,  All this iy in its favour. It can best
attain leadersbip by rendering valuable serviee to all concerned
with the development of agriculture in India. But in the mean-
time the important question arises : how ean the new lnstitute
best aid in the development of Indian agriculture ?

The present work of the Institute.

The purpose of the present work is to provide a scientific
basis for the activities of the various Provincial Departments of
Agricutture.  There is no intention of duplicating their work,
or of carrying out investigations wlhich they are able to make,
but rather to undertuke work of such wide application that it need
only be done at one centre to serve all India ; and the fundamental
studies for which they have neither the time nor the staff,

There are considerable diffienlties in putting this design into
practice.  The fundamental studies cannot as a rule be separated
from the practical problems to which they relate : usually the
work must be done in the district concerned.  Studies detachable
from the field-work become indistinguishable from plant physio-
logy, physical chemistry, gencties and other sciences more proper-
ly investigated at the Universities because of their intimate rela-
tion with teaching. Tt is of course possible to spend many life
times on the study of any natural object and still not to exhaust
the possible programmes of investication : but the work soon be-
comes remote from practical agricuiture and therefore unsaitable
for an agriculfural experiment station unless constant care is taken
to keep it in the field as well as in the laboratory.

The detailed work of the Station is disenssed in a later section
of this Report. The various activities of the Institute fall into
three groups : :

(I} standardisation of methods for other stations to use :

(IT) making collections of insects, fungi, soils, ete., and also &
register of varieties of crops : all these to be avail-
able to the Staffs of Provineial Departments :

(TII) investigations of agricultural scientific problems which
seem to be near to practical application.

In regard to standard methods, the Institute has no power of com-
pelling other stations to adopt those that it recommends, it can
only point out their advantages.

The making of collections is very useful is assisting Depairt-
mental officers to identify any insect or fungus new to them. In
case of uncertainty the last word will always remain with the

S
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Imperial Institutes of Myeology and Entomology in London, where
the staff have access to the type collections and to collections of
living cultures, and which also act as clearing houses of mforma-
tion for the whole Empire. It would be very costly and quite un-
necessary to attempt to duplicate their functions, and the Air Mail
service 18 now so efficient that there would be o saving of time
even if the attempt were made. Some of the provincial officers
with whom I spoke preferred to apply direct to the Bureaux for
identification and information rather than send to Delhi,

The future position and work of the Central Research Institute.

In view of these various considerations it seems clear that the
most useful place for the Institute in the sehemes for developing
Indian agricalture would be in close association with the Imperial
Council of Agricultural Research, recognising frankly the leading
position which the Couneil has secured.  The Council could under-
take either the entire charge of the Tnstitute or the supervision of
its programme of work : this is a point of administration as to which
1 express no ehoice.  But the Council should be empowered to re-
quire that the Institute’s research programine included specified
prohlems whieh it deemed important for Indian agriculture, even
if this necessitated the eutiing out of items which the staff would
like to have inciuded but which in view of the Couneil were of
insufficient practical significance, The Couneil ean, for example,
and in my opinion should, insist that certain recognised methods of
sampling and analysis shall be nsed for all investigations aided by
i—without of course exeluding any other methods whieh the work-
ers may prefer—and that field experiments of all kinds shall be carried
out in such a way that the results can be subjected to statistical
examination with a view to estimating their validiy.

This necessitates, however, thorough examination of the
methods before they are made obligatory for grant-aided researches
and this work could be done better at the Central Institute than
anywhere else,

Among problems which in wy view should be taken up by
the Tnstitute at the earliest opportunity are the following :—

(1) Methods of sampling of s0ils(?) and of all of the important
erops for analysis,

In general it will he necessary to work out two groups of
methods, one for rapid approximate analysis, and the other for
more refined investigations where some scientific prineiple is  in-
valved, The work must be done in association with the statisti-

(1) The difficully of sampling a soil is rarcly realised. Usually a sample

is deseribed aa having been taken 1o a depth of & or 9 inches but this ignores

the faet that n 6 inch erre taken on a day when the soil is compact is very

different from a 6 inch core taken when the seil is in loose or swollen econdition.

Berious discrepancics may thus be cansed in estimating the quantities of

?hsttlances like mitrogen and nitrate. the comvemt of which varies with the
eptit.
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cal experts, who minst be able to aceept the methods as giving valid
estimates of significance of the results in view of the heterogeneity
of the maferial,

{2) Standard methods of analysis and of erop examination
to be used for all co-ordinated schemes, Individual sworkers
wonld, of course, still be at liberty to use their own methods, but
the standard methods must also be used to ensure comparability
of the results.

Both (1) and (2) would neeessitate considerable laboratory
and field investigation : it would uot be permissible simply to write
down arbitrary methods and insist on their use.  Numbers of al-
ternative metheds would need te be examined experimentally,
and the Institute must be able to set out and justify before expert
eriticy the reasons for its selection. International methods should
as far as possible be adopted unless others are definitely better.

(3) Collection and examination of soil analyses made in differ-
ent parts of India with a view 1o the preparation of soil maps.
TUntil the standard methods referved to in the preceding paragraph
arve universally adopted it may be necessary to analyse again some
of the svils, and numerons examinations would be needed in order
to find how lar soils examined hy different workers are similar and
how far they differ.  This would necessitate the setting up of a
small soil Committee eonsisting entirely of the leading soil experts
of fudia to aet as the correlating body : the Chairman of the Com-
mittee wonld not neeessarily he a member of the Institute staff,
A considerable amount of valaable material now exists in various
parts of India ; following up the recommendations of the Royal Com-
mission on Agriculfure a mumber of survess have been made both by
Agrienltural and by Irrigation Departments,  All the data should
be eollected and collated.

(4) Comparisons in field experiments of the relative wvalues
of nitrocen i grece manure, farmyard  wmanure,  eompost,  oil
calces and sulphate of ammonid.  Estimations of the recovery of
nitrogen by the erop, and ol ihe ehances in molsture, ammonia and
nitrate contents of the seily of the different plots.  The work maust
be done in the feld. the treatments being properly replicated and
the plots randomized in the usanl way, and the sampling to be so
done as to give on each oceasion a valid estimate of the error of
the sumpling.

(5) Celection of ingeet and fungus pests, and of other inseets
and funei assceiated with erops even if of no present cconomic
importance.  The eolleetion and ecompiiation of records of oceur-
renee at periodie intervals at a number of centres where it is
known that the observatious are frusiworthy.,  To this should
b added information obtained from the Tmperial Institutes of
Myeology amdl Fntamolooyv at Londen and  the whole  should
prrivdically be pat into the form of short bulleting which busy
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Provincial officers could read, and which would inform them of any
apparent increase or deerease in the pest, and of results of attempts
to obviate or to overcome the attack,

(6), Population studies of insects as discussed above. The
methods of sampling and estimating must be worked out experi-
mentally in association with the sfatistical experts : methods of
recording should be devised suited for use at all the stations. The
results should then be colleeted and {fully worked up at the
Imperial Station.

The Tea Researeh Station at Tocklal should be consulted as

to methods of recording the incidence of inseel and fungus attack.
*

{7} Colleetion or registration of varieties of crops, fruits and
vegetables grown in India.

It is wpnecessary to duplieate existing collections of import-
ance, but tlie varieties should be included in the records.

(8) Selection and breeding of plants fer which fthere is no
adequate provision in the Proviuces, e.g., potatoes, or for whieh Delhi
or its substations are particnlarly well sulted, e.g., the Drassieae at
Karnal.  Co-eperation with plant pathologists in plant breeding
experiments, ey., for producing rust resistant wheats.

(9) Continwvation of the selection and breeding of sugar eane
at Coimbatore on its present lines.

(103 Co-operation with the Ilealth Department in investigas
tions likely to improve the quality of the dictary of the villagers :
e.g., practicable methods of making good the deficiencies of the
customary diets : the effeets of proved mineral deficiencies in
soils on the nutritive value of cultivated food stuffs,

{11) Co-operation with the Marketing branch in making or
arraneing for investigations likely to fmprove the market value
of Indian agricultural products, This work should be confined,
however, to investigations likely to come fo a successfnl issue :
vague investigations in ** quality »’ should either be avoided, or
done on a large seale as described on page 23,

(12) Keeping in touch with the workers engaged on  the
Couneil’s schemes, lending them books and ecurrent journals (so
far as these would be replaceable if lost) eoutaining papers of
importance te them.

Irrigation and dry farming methods are of such vital import-
ance and present so many difficult problems requiring investiza-
tion in the regions eoneerncd, that T recommend separate treatment
for them (page 220). The Institute would eontini- s al pres-at
to admit post graduate workers but it shauld be empowercl fo
insist e & high standavd of attaiviment befove entryv. There ave
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numerots faeilities in India for ordinary tuition.in agricutural
seience, and it would be unfair to the Staff and a waste of their
resources, it they had to teach facts and methods that are included
in a good College course.

The zbove programme differs in several rtespeefs from the
_tentative proposals pnt before me when I visited the Institute.

I have omitied all subjeets not directly applicable to the pro-
duction of cerops under present c¢ircumstances : such as  pure
evtology, microbiology and physiclogical studies of Insets and
fungi. 1 recognise thelr interest, and should welcome their inclu-
sion, especially if members of the Staff are personally interested
in thean, provided they can be studied without prejudice to the
work on the items set out above. But, I eonsider the need for
itmproving the yield and quality of the cultivators’ produce is so
urgent that all other problems should stand aside. In the pre-
sent day conditions in India the Experimental Stations both Central
and Departmental must be judged by the extent to which they
help to raise the standard of life in the villages.

The Btaff of the Institute : The Director.

The position of the Institute in relation to fhe Universities
and the Departments of Agriculture depends on the guality of the
work done there. and this in the end depends on the guality of the
Stalt.  The Director and the Heads of the leading sections should
if possible be men of international repute who would be respected
for their own merits hy the workers at other Institutions, This,
of course, 1g easier to luy down as a prineiple than to aecomplish
as a faet.

It has been propesed that the Director should also be Head
of & Department but this arrangement while no doubt suitable ae
a temporarvy measure during a period of financial depression, is
not in my view suitable as a permanency. There is always the
danger that heals of otler sections may eonsider that their claims
to share the available funds are being set aside in order that the
Director may better finance hiy own seetion.  Further, the diree-
torizl duties cannot fail to interfere with the duties of head of
scetion and to take up time that would normally be devoted to
researell.  Additionul work devolves on the chief assistant, and
although this may to some extent be met by additional payment,
the fuet remains that he is charged with the responsibility of special
supervision without the prestige whieh for the seientific man is
often more important than the extra pay. .

Finally, the Director should be one of the most useful of the
gronp of thinkers and planners helping the Couneil in its new
developmental duties.  He chould be a sciontist of wide repute
awd having such personal qualities that his help and eriticisin would
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be welcomed by the men carrving out the Council’s research
schemes. He need not be an agriculturist but he must be dis-
tinguished in some scienee basic to agriculture. It is not neeces-
sary to go outside of India to find a suitable man,

The present Staff of Research Workers engaged on the Council's
Schemes.

I greatly admired the energy and enthusiasm with which many
of the rescareh workers engaged on the Council’s schemes were
earrying out the tasks allotted to them, in spite of great diffienl-
ties. It is of course pleasant enough to do research at a Univer-
sity where there is an intellectual atmosphere and a social life
rich in amenities, where libraries and the other aceessories of
learning are available. - But many of the Council’s workers are
m lonely places where they are cut off from any possibility of
diseussing their resalts with competent eritics, away from libra-
ries and the stimulus that comes of association with men distinguish-

ed in the arts and sciences. And yet in spite of these difficulties
and of occasional depression through a feeling of isolation they are
acehieving good results. Many of the difficulties are unavoidable :
they arise from the circumstance that the work must be done on
the spot and cannot be transferred to a College. Tliey could,
however, be considerably mitigated by more frequent visits from
experts who could go over the results in detail and diseuss thewm
with the worker. The interest taken in the periodie visits of the
Couneil’s experty shows how valuable these discussions are, and the
Couneil mizht well consider the advisability of extending them
by periodically sending some othor qualificd person to Stations
where his special knowledge would be helpful. Visiting Experts
should pay particular attention to the more remote and inacees-
sible stations, and should stay at each place long emnough to go
into the detalls of the results, advising what lines should be folh)w-
ed up and what can be left for the time heing. 1t is diffienit
to over-rate the value to a research worker of a quiet talk in his
lahovratory or on his field plots with some one enjoying suffieient
prestize to command his respect, who is taking the trouble fo under-
stand his results, and who can deal lLelpfully and sympathetically
with his diffieulties. Such visits would necessarily he infrequent,
yet their influence wonld, T am sure, be profound, and a young man
proud of his work would bhe greatly encouraged by the knowledge
that his visitor had recognised its good points, and had indicated
ways in which improvements might be effected.

Still further benefit would aecure if arrangements eould be
made on the recommendation of the visiting expert for the worker
to spend a certain peried of time in some other laboratory where
similar investigations were in progress or where methods likely
to help him were being developed. A detailed programme would
be drawn up in consultation with the Heads of the laboratories



82

coneerned, and submitted te the Counecil, wha, if they approved,
would take the matter up with the Departments,

Technical Conferences between the workers in similar subjects.
are already arranged : I should like to emphasise their value.
The Council might eonsider the advisability of helding some of
these conferences at the Imperial Research Institute, Delhi, in
the laboratories where methods or technique could be demonstrated
instead of being simply discussed.

Proposed permanent cadre of proved research workers.

Some of the men now engaged on the Council’s schemes have
shown definite capacity for doing good work and it would be &
great loss if they were simply released at the end of the peried.
It is undesirable and indeed impossible to retain all, but a seleet
group should he put on a permanent basis, working usually at
some out-station where they get down to the actual field problems,
but regarding the (entral Institute as their home.  The posts.
would be permancnt, but a man would not necessarily remain in,
this eadre Indefinitely, for from it would be recruited men for
administrative or executive posts requiring technical knowledge.
A man’s rescarch life is not usually very long : in general—and
with some notable exceptions—howsver zood he may be, he sooner
or later gets into a4 groove out of which he will never again emerge.
It is no misfortune when a research man who has the gift for
admmistrative work undertakes it after having opened up a new
Jlebd of enqguiry.

The organisation of the Council’s business,

I attended meetings of the Council and of various sub-com-
mittees and was much impressed by the cvident effectiveness of
the procednre. At first sight the Council seemed large but I eould
sugrest ne way of reducing their numbers.

In view of the widening of the scope of the Coumeil’s aectivi-
ties which T have proposed it will obviously be impossible for the
Couneil to concern itself with individual schemes : it should deal
with principles and major issues rather than details, and while
it would place the large problems in some perspeetive it would
necessarily leave to the higher staff and the sub-committees the
detailed shaping of schemes and allocation of funds thereto.

The method adopted by the Council of appointing sub-com-
mittees of experts to diseuss and report on the various divisions.
of their work is admirable and suitable for extension.

The expenditure of the Provincial Departments,

Refercnee has several timeg been made to the suceessful work
of some of the Provincial Departments. The figures of provincial
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‘budget estimates for 1936-37 on account of the Departments of
Agriculture in the various provinees are shown in Table 16,

TasLe 16.
Total area Fxpenditure on | Expenditure | Expenditure
Province, sown, Agricultyral | per 100 acres per 100
Miltion acres. | Department, gown, (total persons.
sowing),
Lakhs of Rs. Ra. Rs,
N.W.F.P. . 2-5 4-77 19-1
Assam . . 67 8:12 iz-1 9-4
Madras ., . 375 41-75 1i-1 §-9
Borma .. . 191 18-09 95
Punjab .. .- 29-8 28-52 8-6 12-1
Bengal ., .. 27-9 25-65 8-2 5-2
. P, .- .- 434 36-70 85 7-9
Bihar . 13-20 o .-
Bombay ., . 341 22-46 6-6 109
C. P o . 27-5 9-42 3-4 61

The Council’s Resources.

The Council’s work has heen financed on generous lines by the
Government of India and it has received substantial grants from
other sourees. The effeet of the foregoing proposals will be to
diminish the expenditure in seme directions and increase it in
others, but if a total income of the order hitherto received should
continue to be available much of what I have proposed ocould be
carried out.  During the next few years, however, the Council
would need additional special grants if progress is to be as rapid
as is desired,
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Work directly carried out by the Council.

In general the Council does not itself nndertase Investization.
There are, Nowever, two directions in which i has done so : costs of
production of crops, espedially cotton and sugal Cale ; and the stat:s-
tical control of agricuiturai experiments.

(1) Cost of production of crops.

This investigation is in the huands of Mr. R. D. Kapoor, who after
graduating at Lyalipur traveded with the purpose of  studying
economies at Columbia and New York ; agriculture at Cornedl ; and
agricultural economies at Cumbridge under Dr. Verm. The cost is
estimated at Rs, 5,273,800 of which oniy half is borne by the (.jouncd,
the other half coming from the Indian Central Cofton Committee.

The general plan is to select 24 distriets all over India where
sugar eanc or cotfon is an jmportant crop ;{1) to choose six villages
in each cdistrict and eight holdings in each village. A Recorder :s
placed in each of the villages to keep close watch on the seclected
hotdings, entering up all the work done, by wihom it was done, und
the purnber of hours taken. A Disirict Supervisor is in charge of
each six recorders, and is required to spernd at Jeast 20 days per
“month in the villazes. A provincial officer ehecks the work of ihe
supervisors. 7

There are thus 1152 heldings under observation, and the staff
inclndes 144 recorders, 24 disirict supervisors, in addition to the
central staff.

The eommon difficulty of assessing the value of a peasant’s time
was met by enquiring inte the local wage rates and charging the
hours at these rates. 'Mhe rates vary considerably in ihe ditferent
distriets ; for a man working 8-10 hours a day the wage in Sind is
6-8 annas : in the Punjab 3-4 annas : in Madras 1 anna 6 pies to
2 annas. As the enquiry proceeds it will be interesting fo  see
wlether the rates per unit of erop produced vary as much as the rates
per day, or whether, as often happens elsewhere, the rates even out,
the cheaper labour being less effective than the dearer.

This is the first enguiry of its kind in India, and the results if
valid should be of value both to the Agricultural Departments and
in relation to the work on Rural development and village improve-
ment, The work should certainly be continued, but a close study
of the data should be made guite independently so as to ascertain
whether they have been correetly used,

A first inspection of the figures suggests that cotton is profit-
able in the Canal Districts of the Punjab und in parts of Bombay
and Madras : sugar cane is profitable in the United Provinces, in
Bihar and parts of Madras, while in the Punjab it oniy just ])a,ys :

(1) The districts were scattered widely : there were 3 in the Punjab, 3 i
the TUnited Provinees, 3 in Madras, 4 in Bombay, 2 in the Centralurg:miinc:;l,

3 in Bihar and Orissa, 2 in Bengal, and one each : i 3
Baroda State, and Mysore State. ' = Sind, Hyderabad State,
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wheat is profitable in the eanal colonies of the United Provinces and
the P'unjab but not elsewhere. *‘ Unprofitabie 7, however, does not
mean, as it would in Great Britain, that the grower had iost money,
but only that he would have been better off had he spent the sane
time as a labourer at the standard wage assuming he had been able
to obtain the work. It will be interesting to aseertain also whether
the peasant has himself discovered the relative profitableness of the
varions crops and extended his aereages accordingly.

It is understood that this scheme comes to an end when the
present enquiry is completed,

(2) Btatistical control of agricultural experiments,

Rao Bahadur M. Vaidyanathan, the Statistician to ihe Couneil
received his mathematical training at the Madras University where
he speeialised in Statistics. Ilis duiies consist in assisting investi-
gators In designing their experiments, both in crop and animal hus-
bandry, and in examining the results ; in reporting on articles sube
mitted for publication in the Council’s Journal, and in advising the
Couneil on statistical matters generally. Af the time of my inter-
view he was closely watching some 56 schemes in various parts of
India : in addition he is studying methods of sampling and methods
of erop forecasting ; and he is aiming at preparing Statistical Tables
for field workers., He has also prepared and published a summary
of all the recorded manurial experiments made in India. :

All these subjects are of great importance. It is impossible to
over-estimate the meed for statistical control of agricultural experi-
ments, particularly in ensuring sound design of experiment and
effective methods of sampling. It is significant that in his review
of the fertilizer investigations the Statistician had to reject a large
number.of the experiments because of faulty design,

This trouble is not likely to recur, as the improved methods
worked out at Rothamsted have been eagerly taken up by Indian
investigators, and in any case the Counecil now insist that all designs
of crop and animal husbandry experiments must be approved by
their Statistical adviser before any grant can be made. In some
instances the experiments had aetually been begun before the
Statisticlan was consulted, and all he could do then was to save what
he could of the results, At the risk of apparent loss of time thias
should not be permitted : a faultily designed experiment can never
give satisfactory results no matter how eften it is repeated or how
carefully the work is done.

An instance came to my nctice where another statistician had
also been consulted and he had suggested a different design for the
experiment, which caused some comment at the time. There is
nothing unusual in this, and no harm at all in having alternative
design for consideration, but as an aect of courtesy each Statistician
should know that a second opinion is being asked, and from whom.
The final decision rests with the Council, but in ease of serious dis-
erepancy the two statisticians should be invited to give detailed

reasons for their choice.
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In view of the circumstances that the subject is new and outside
the range of training and experience of many of the workers, it 14
very desirable that Rao Babadur Vaidyauathan or some highly com-
petent ofticer should periodically visit the various stafions where
research under the aegis of the Council is done, in order to ensure
that the experimental schemes as they develop can still bear statis-
tieal examination and that the significance of the results can be
estimated. 1t is partienlarly important for experimenters to realise
that no amount of statistical treatment can ever make a bad experi-
ment into a good one. Statistical science ¢an sometimes mitigate the
loss of value due to some accident, as when it shows how to extract
a result in spite of the loss of erop from one of ihe plots, buk the need
for salvage operations of this kind should be sedulously avoided.

Much work needs to be done on methods of sampling. Agricul-
tural materials, soils. erops and animals, are very variable : no two
are alike : and it is impossible to say how much of the difference
between a treated and an untreated sample is due to the treatment
and how much to the heterogeneity of thie material. Sawpling there-
fore becomes an operation of fundamental importanee, and a con-
siderable amount of experimental work donc in%he past, and soma
that is still proceeding, to which 1 refer elsewhere, is seriously viti-
ated by faulty sampling. The method must be suited to the material
and adequate for the problem : but considerable investigation needs
to be done in order to work out model methods for the various types
of investigation now proceeding.

Another subject needing serious attention is the improvement of
the agricultural Statistics. The figures for acrcage are, or can be
made, fairly accurate, but the estimates of yield are very uncertain
and some experienced agrieultural officers have gone so far as to
assure me that they are worth very little. When c¢hecks became
possible for vields of eotton the values recorded in the apricaltural
Statistics were found to be about 23.30 per cent. too low. In view of
the great interest now being taken in the unutrition of the villagers
It is important to know whether the recorded yields of food crops
are subject to a similar error.

This problem is really only another example of sampling, Other
sampling problems concerned with rural welfare are disruassed on
Page 157. The subject is rapidly developing and 1 note witn satis-
faction that Rao Bahadur Vaidvanathan is to proceed to England
for one year to familiarise himself with the latest developments and
to discuss Indian problems with various experts there.

. The present staff consists of Rao Bahadur Vaidyanathan and two
‘sszstants only and in my view it needs strengthening. More com-
puters and compilers are required : they can be obtained without
great expense, But the senior staff will need to be inereased in ihe
near fuiure. Further reference to this matter is made in discussing
the work of Professor Mahalanobis in Calcutta.

Statistical work of this kind is necessarily continuous, and I
recommend that the seetion be made permanest,
H301CAR X
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IMPERIAL INSTITUTE OF AGRICULTURAL RESEARCH.

{See page 74.)
Acrtivg DiREcTOR : Rao BamaApUr B. VISWANATH,
The Institute js organised in five sections :

(1) Agricultural Seetion—In c¢harge of Mr. Wynne Sayer. Good
work has been done in building up a high class pedigree herd of
Sabiwal eattle, on which Dr. Wright is reporting. Mr. Sayer also
proposes to study power farming.

The ruain farm area comprises one compact block of 475 acres
and a further area of 50 acres. In addition land is available at

Karnal, 70 miles to the north of Delld, and easily accessible by rail
or road.

{2) Chemical Section.~This is in charge of Rao Bahadur
B. Viswanath. A soil survey of the farm is being made witt the view
of relating the eropping capacity of the soil to the erop yicld. If this
investigation can be adequately carried out it may yield results of con-
siderable interest;.but it Implies the colleetion of a considerable
quantity of yvield data of known validity.

The possibility of making a compost from forest litter is being
studied.

The effect of farmyard manure on the quality of the geed is
studied : it has been eclaimed that seed from plants receiving farm-
yard manure produces better plants than from unmwanurca plams.

It ig known that large plump seed gives larger and more vigorous
plants than small shrivelled seed, one factor being the difference in
food supply for the embryo and the plantlet. 1In this investigation it
will he necessary to separate the effect of size of seed from any specific
effect that farmyard manure may be exerting,

The nitrogen content of the soil is studied with the special pur-
pose of finding whether it remains approximately constant during the
vear or whether it is liable to seasonal fluctuation. This question is
of considerable seientific interest though it probably has no praetical
sieniiicance. The investigation has been carried out at a number of
centres and a number of analyses have been made.

The actual figures obtained at the different times of sampling all
differ, being sometimes above and sometimes below an average value ;
the differences are only small but they are greater than any likely
error of titration. It is assumed that these fluctuations represent real
changes in nitrogen content of the soil, but this assumption is not
justified : no two samples of soil from the same plot of land eoutain
quite the same percentage of nitrogen and unfortunately the results
do not show how much of the recorded fluctustion iz due to differences
in the soil itself. The method of sampling ir faulty in that it gives
no measure of the soil heterogeneity and in ccnseqience nothing ean
be deduced with eertainty from the results.

( A Dbetter sampiing
technique is needed. (1)

(1) Several possible errors are discussed in a paper by A, Sreenivasan and
v. Suh_mhmnn_vnn. ‘¢ Some Faetors Influencing Studies on Nitrogen Fluefuations
onr Soil Plots '’ Proe. National Inst., Sci., Tndia, Vol IIT, No. 2, pp. 233—238,
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On the applied side work is being done on gur and on the elari-
fication of sugar.

A laboratory has been set up for the speecial study of miero-
chemical analyses. The purpose is to develop methods which can be
used by various departments here and in the Provinees,

The Miero-biologieal laboratory is in charge of Dr. Joshi. He is
at present studying the supposed photo-nitrification stated by
Dr, Dhar to oceur in soil.  (See page 118.) .

Further, he is studying the dissociation of bacteria supposed to
be associated with mosaic disease. Some of the dissoclated forms are
filter passers : a matter of some theoretical interest. Other problems
include the bacterial control of milk and the baeterial oxidation of
sulphur, an action that would presumably cecur if eomposts were
made of sulphur and hones for the purpose of preparing super-
phosphate.

(3) Botanical Section.~—At the time of my visit Dr. B. P. Pal was
Acting Imperial Botanist. He is investigating problems of plant
breeding and genetics. Some of the work, such as the breeding of
potatoes resistant to blight, is done in the fields at Pusa., _

He proposes to set up a register of the different varieties of whenat
in cultivation in India and to give them standard names, This work
appears to be well done.

(4) Mycology Section.—Mr. Galloway was still in charge at the
time of my visit but he has now left and Dr. M. Mitra is Acting Head.
The general programme comprised two parts :

(1) The maintenance of a collection of the chief fungi of
importance in India : this is in two parts : the her-
barium specimens and the living specimens, though it

*  wag reeognised that this Jatter would be diffieult and
costly to maintain because of the continual sub-culturing
NECESSATY.

(II) Practical control of fungus diseases : this work, bowever,
is not to overlap with work in the Provincia] Depert-
ments,

With the appointment of a new Head of the Section it would be
well to reconsider the scope of work and the name of the Section.
‘“ Plant Pathology >’ would in my view be a better name than
‘‘ Myecology ’’ and would better express the scope of the Section.
Since the original seetion was set up it is now recognised that plant
diseases are caused by a variety of agents, not only by inseets and
fungi : there are also baeterial, virus and physiclogical diseases. All
these should come within the scope of the Section. It is 1o ionger
necessary that the head of the Department should be a mycologist :
tz should be a plant pathologist, and if necessary should have a

veological assistant,

{5) Entomology Section—Dr. Prathi is ip charge of this Section
with Mr. P. V. Isaac as second entomologist. He has three main lines
of work

(I) A collection of insects associated with Indian crops and
fruits whether of present economic int-rest or not, it being

recognised that an insect harmless now may be harmful
-
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in a few years time. A record of the oceurrcnce of those
insects with notes is also kept.

(I1) Studies of the life-histories of Indian insects. The pro-
vinecial entomologists study only reeognised pests,

Sheets are prepared showing the oceurrence and damage done by
the pests, and methods of control are discussed.

In view of the fact that some of the Provinces have no entomo-
dogist (1) this work is likely to be very useful,

(III) Studies of vegetable insecticides and fish poisons, (Sce
page 156.)

It ia proposed also to study beea.

In addition the Agricultural Section is provided with a statistical
assistant, Mr. P. V, Krishna Iyyer, for carrying out its rouline work.

The Schemes of the Imperial Council of Agricultural Research.

Three of the Council’s schemes are being carried out at tiie Insti-
tute : they are all connected with sugar cane. '

(1) Mosaic and other diseases of SUgar cane ;
(2) Inseet pests of sugar caue ;
(3} Chemistry of sugar eane,
(1} DMosatc AND OTHER DISEASES OF SUGAR CANE,

This work was begun in 1932, at first under Dr. 8. Desai, but now
in charge of Dr. B. L. Chona ; and the amount of the grant i
Rs. 18.596 annually for 5 years and Rs. 12,000 non-recurring : the
total being Rs. 1,04,980, '

() Mosaic disease.—A good deal of attention was at first paid
to Mosaie disease but this is not now regarded as serious at any rate
1t Northern India. Even an 50 per cent. infestation caused only a
10-15 per cent. reduction in yield, and under normal ecnditivng in
practice, the infestation rarely exceeds 10 per cent., and sometimes is
only 1 or 2 per cent.

The observations have hitherto been mainly on  the medium
Coimbatore varieties ; they are now heing extended to the thicker
varieties, but there is at present no indication that the results will be
different. !

It i never safe, however, to assume that Mosaic diseases are un-
important. They form an obscure and difficult group and they have
the peculiarity that two known diseases can combine to form a third,
new to plant pathology and capable of causing considerable trouble.
Further, new varieties of cane may be produced which, while desirable
in other ways, are susceptible to Mosaie disease. Counstant wateh must
therefore be kept: but this is not a matter for the Couneil ; ihe
Imperial Agricultural Kesearch Institute is a suitable body for this
purpose.

(3} E.p., Bengal, Bihar, Sind.
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In view of the relative unimportance of mosaic disease of sugar
cane there seems no particular need for eontinwing the work on the
properties of the virus. Studies on this subject are being made else-
where but until some striking fresh development occurs it is hardly
necessary to repeat on sugar cane work already done on potato or
tomato virus,

The work is in any case more appropriate for a University well
equipped for plant pathology, and having available good chemical and
medical laboratories so that the help of experts in other subjects can
be obtained whenever necessary. It is essentially a probiem for a
team and not for an individnal.

For those erops for which it is serious the best way of dealing with
the discase is to grow resistant varvicties, and this would probably hold
tor sugar eane also if ever the discase gave trouhic in India. Mean-
while it is necessary to test all new varieties for resistance to mosaie
disease : a suitable technigque has Lbeen worked out by Dr. Mcllae and
Rao Bahadur Venkataraman,

(11) Red Rot—This disease is much more important especially
on the thick varieties : indeed it is probably the most serious sngar
cane disease in India. The remedy consists in a more careful sefee-
tion of the sets, all those showing redness on cutting being rejected.
There is a reddening caused by saprophytic organisms, following the
attack of the horer, and in consequence the rejections of all red seis
may involve scme loss, but it is safer to ineur no risk. Two other
rots are studied.

{#i) Stinking Rot —(Bacillus pyocyaneus var. saecharum, Desai)
apparently a bacterial disease though its cause is not yet known, and
Top Rot, which is apparently caused hy Fusarinm.

In addition to these studies of disease two other pieces of work
have been undertaken :

(1) a survey of the diseases of sugar eane in the important
cane growing regions of India ;

{2) a handbook of the diseases of the sugar eane, deseribing
them and showing how they should be treated.

It is very desirable that these should both be completed.

Insect pests' of sugar cane.

Entomologist in charge : P. V. Isaae.

This inver*ization began only in 1936 : a grant of Rs. 96,000 has
been sanctioned.

The programme of work ineludes four seetions :

| (1) Field work on insect pests at Delhi, and at the sub stations
of Karnal, Pusa and Coimbatore. .

) (2) .The collection of parasites on horers. Pyrilla, and White fly
with 2 view to investigating the possibility of biological control.

M The investigation of indigenous parasites, and the importa-
tion and trial of exotic parasites.
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(4) Bionomic work on pests, and the collation of information.

8o far the work has been confined to sugar cane borers :

Steam borers—Argyrie sticticraspis and fumidicostalis Disiraes
venosate and guricilia and Chilo zonellus;

Top horers—Scirpophaga nivelle and monoatigma ; and
Koot borer—Emmalocera depressella.

These same insects are also studied at Muozaffarnagar, at the
Tunjab stations, and elsewhere. The Delhi Institute can properly
garry out investigations ai Karnal, but Coimbatore is far away sud
already a provineial entomologieal stall is at work there. If all
these enfomological investizations are carried out independentily
there 1s likely to be considerable overlapping and waste of effort, but
tnder a central staff the necessary co-ordination could readily be
elfected,

Possible biological contrsl of insect pests.

In the Central Scheme of Research on Inseet Pests of Sugar Care
it is proposed that considerable attention be paid to the possibility of
biological control. This is at first sight an extremely attractive
wethod of dealing with inseet pests ; hitherto its successes have been
wainly in dealing with introduced pests or in islands or areas naturally
isvlated by mountains or deserts. It is discussed on page 50,

The investigation of the pests in the field : population studies,

At the present stage it is very important to make a fuller study
of the insect and fungus pests in the field, noting their first appear-
ance on the crop ; whether they die out, just persist, or continue to
increase ; noting alse the changes in external econditions : tempera-
ture, moisture supply. condition of the plant, percentage of sugar
and brix (as read by the small insirument now available for use in
the field) : with the view of discovering the conditions that vary
with, and perbaps make for, the spread or suppression of the pest.
While the observational work is going on there should be attempts to
ohtain and to count *‘ samples ”” of the insect population so as to
guin & more definite idea as to how the numbers are changing.

In conditions snch as those obtaiming in the sugar cane areas
all the common 1nsect and fungus pests of the crop are almost certain
to oceur every year in some or other of the fields. but the condilions
are not nceessarily always snited to their development, With & Fuller
knowledge of the econditions unler which the pests imerease, and of
these under which they decrease, it should he possible to make changes
in the enltivation of the sugar cane that in normat seasons would carry
it through withont impertant loss.

The search for resistant varieties of sngar cane must of course
continue. This is not a permanent method of control, for after a
while the insect pest usually adapts itself to the new variety, b
for e time it affords a measure of protection and meanwhile selections
of other varieties can be procecding. The insect pest problem is
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mench more difficult than that presented by fungus pests. Consider-
able success has been attained in seeking for varieties of crops resistant
to fungi, but so far the suecess oblained against insect pests have as
2 rule been only temporary,

The machinery for dealing with the pests and diseases of sugar
cane.

The simplest method of dealing with the pests and diseases of
any crop is to put a stafl of entomologists and plant pathologists in
charge of the work and to free them from other duties. Specialisa-
tion is essential if the crop is really important. The setting up of a
Sugar Committee provided with funds for investigating the problems
of sigar cane production makes it possible to establish a central
specialist group of workers for dealing with pests and diseases and
to provide also the local staffs who can make the necessary eontinu-
ing observations and experiments ; I strongly recommend tluat
this be done as soon as possible.

The eentral staff would be housed at the Delhi Tnstitute where
the reoords would be worked up, but wherever a disease or pest was
threatening to do serious injury they would transfer to the Station
coneerned.

The assistance of the factories could also be secured in making
surveys similar to a valuable one recently completed by Dr. Haldane
of ithe Begg Sutherland group of factiries.

Cytology.
GrawnT : Rs. 29,360, 10 be spread over 5 years.

A scheme has been put forward and is still under discussion for
investigations into the eytology of Indian crops,

Cytological studies give valuable information to the plant breeder
about the genetics of crops, and at the larger experimental stutions
where much hybridisation is done it is desirable that someone,
preferably the plant breeder himself, should thave Tearned the
technique of making cytological examinations and exiracling the
information they can vield. This work must be doune at the Stations
where the erops are bred and studied : it eannot be carried out any-
where else.

The question of supporting eytological investigations at a Uni.
versity is on a different footing. These might result m new knowlelze
of the principles of eytology, and, of course, they would stimulate the
training of men and women in the subject, and so would indircetly
benefit agriculture.

Karnal.

Sub-Station of the Imperial Research Institule, Botanical Stalion
of the Imperial Council of Agricultwral Research.

(Visited November 12th. 1936.)

Like several other experimental farms I visited, this farm was
nut started as an agricultural statioxg but by some other publig
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suthorities, who, finding it unnecessary or unsuitable for their needs,
passed it on to the Agricultural Department. In this ease ne
jounders were the military authorities. The farm has tiil receuuy
Leen divided into two parts :
(1) a Botanical station of the Imperial Couneil of Agricultaral
Research for experiments on cane sugar and wheat ;

(2} an extenston of the farm at the New Delhi Research Inst:-
tute to give the agrieulturist more land for experiment
and to provide further accommodation for the eariie,
The distanee from New Delhi is 70 miles but it can he
traversed by mwotor-car in about 2 hours as the road is
very good. Karnal is in the Punjab, but aimost on the
border of the United Provinces

In this report I deal only with the first of these sections.
Sugar cane Substation: SBugar cane investigations.

These were started in 1931 and are in charge of Messrs. R, B,
VYenkataraman and (. V. James with a Technical Assistant. The
annual cost is Rs. 12,500 with a non-recurring grant of Rs, 32,000 :
tie sanetion is for 8 years making a tetal of Rs. 1,32,000,

These experiments form part of & joint scheme of work carried
out on auiferm lines at several centres in Northern India. Thies
major problems are investigated :

1. Varieties are sought which are better suited to the loeal condi-
tions than those in actual cultivation.

2. Cultivation and manurial experiments are made with tha
selected varieties to discover means of ecomcmically inereasing ther
sields.

3. Aftempts are made to lengthen the working season for the
factorics by inereasing the yields of early varieties and the keeping
qualities of late varieties, thus making their eultivation more attracrive
to the cultivator. A special advantage of the early varieties is that
they enable the cultivator to catch the early market for gur.

At Karnal the Coimbatore secdlings only are tested : no erossing
is dene as only a limited number of varieties flower here. No difficulty
is experienced in  bringing the seedlings from Coimbatore, The
Jonrney takes about 72 hours but arrangements are mada for tne
scedlings to be watered and tended em route. Over 1,700 have
already been tested. It has now, however, been found possible to
geriminate seed at Karnal ; “ fluff '’ is hrought from Coimbatore and
;*hc canes raised : all stages of the selection can therefore mow be doue
LeTe.

The seedling canes are grown first in short rows where all are
rejected that possess such objectionable characters as a sprawiing
kalit of growth, or liability to certain diseases ; the survivors are
then grown in plots and subjected to further selection. This method
is adopted at all centres.

The eanes are planted in March. somewhat later than in manv
other places : they do not start growing till May or June and the coid
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weather stops their growth in November ; thus there are only about
six months pf vigorous growth.

The water supply is mainly from the rain, but about four limes
% year irrigation is necessary, the water being supplied from the
catal.

The selection work is carefully done and the general arrange-
ments seemed to be gquite satisfaetory.

As at other centres experiments are also being made vn the
manufacture of gur with a view to obtaining a brighter looking
produet ; trial was being made of Hibisecus as a clarifying agent.
This affords a satisfying way of utilising the experimental canes
hesides showing the local cultivators how to improve their vwu
produet.

Botanical Sub-station.

The Botanical Sub-station has been set up for experiments with
a variety of crops on rather wider lines than usual elsewhere.

The work is carried out by Messrs. Kashi Ram and R. B. Ekboti
and the total grant sanctioned is Rs. 2,63,930,

Experiments on Wheat.

These experiments were started in 1930 and their purpose 15 &
test the suitability of the Pusa hybrid wheats, especially the late

maturing sorts, for the cooler regions of the north and north-wesc.
Some changes in the wheats are also being atiempted. The Pusa
varieties usually grown here are beardless but the cultivators prefar a
bearded wheat as being less attractive to the numerous birds and
other animal pests that steal the grain., Conseguently trial is being
made of bearded wheats, and some are being bred for this purpose.

This work is carefully done and should be continued.

Rice.—A collection has been made of strains and varieties of rice
from the Punjab and Western United Provinces and 40 pure lines
have been isolated : some of these are now being tested on large
plots,

Gram.—Improved varieties are sought by selection and hybridi-
sution,

Other crops are also under experiment.

_Kamal has now become an out station of the Central Research
Institute at Delhi and the Council has transferred its grant to the
Pusa, sub-station.

‘ Pusa Bub-station,

Although the main research work of Pusa has been transferred
1o Delhi it is obviously important to retain a botanical sub-station in
north east India and accordingly the Council is maintaining there a
Botanical Sub-station. This should also, however, if my proposals
Are accepted, be taken over by the Delhi Institute.
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Agra.
Rusts of wheai and other cereal
(Visited November 16th, 1936.)

This work was started by Dr. K. C, Mehta, of the Agra College,
in 1923, but grants from the Council were first given in 1930-31 for
a period of three years : these were subsequently extended. During
the course of the investigation a hill station was found to be neces
sary : a seeond laboratory was therefore set up at Simia. '

The anpual grant is Rs. 41,920 with a non-recurring grant of
Rs. 9,000 making a total for the three years of Rs. 1,04,980. '
Rusts are among the worst of the fungus diseases nf wheat, ana
eause serious losses in all the important wheat producing ecountries
of the world. Three types of rust are common on wheat :
(1) Black rust (Puccinia graminis Pers,) which causes serious
damape in Australia, Canada and the United States.
(2) Brown rust (P. triticing, Eriks.) also common in Australia.
(3) Yellow rust (P. glumarum, Briks, and Henn.) the ecom-
monest rust in England, but not found in Australia.
All three attack wheat in India but barley is susceptible to black
rust and yellew rust only. The yellow rust is found only in the
north, as it eannot tolerate hot weather, while the brown and black
rusts oceur wherever wheat is grown., These rusts occur in a
nmnber of physiological strains differing in their power of attackirg
tiie different varieties of cereals, some being much more potent than
others. Fortunately only few of them occur in India : 6 out of 144
known strains of Black rust, only 3 of which, however, are widely
distributed : A out of 65 known strains of Brown rust occur, but
only two commonly ; and 6 out of 25 known strains of Yellow rust,
but only 3 of these are ecommon : a total of 17 out of 234 known
sirains. Dr. Mehta attributes this paucity of strains to the rarity
of the alternate host plants, barberry and Thalicirum, on which new
strains have been shown in America to originate by hybridisation.

There is a clearly marked difference between the plains and the
hills in the incidenee and persistence of rust. In the plains rust does
not appear till January or February, although the wheat is sown
in October or November, and the eonditions throughout the inter-
vening period are favourable to the disease. The infeetion is there-
fore late, and obviously not from any local source. In the hills, on
the other hand, rust may occur at any time during the growth of the
crup and it is always found there earlier than on the plains.

The tust fungi are propagated by spores, which, when ripe, are
blown about by the wind. If the kpores come to rest on the leaf of a
wheat plant, and moisture is present, they germinate and send out
a thread.like hypha which penetrates the leaf and so enters the plant.
There are several kinds of spores, but the most important for dis-
seminating the disease on wheat are the uredospores which constitute
the reddish yellow powder seen in summer on the leaves of infectedl
wheat plants. The uredospores, however, are not very resistant
eituer to heat or cold, and are readily killed by the intense heat'of
he Indian summer, or by very cold winter weather, A wore -
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resistant kind of spore, the teleuntospore, can survive severer condie
tions but cannot direetly infeet wheat. The teleqiospores of black
rust can only infeet barberry, and those of brown rust infecet
Thalictrum ; on these alternate hests a third kind of spoere is produced,
thie aecidiospore, which can infect wheat again.

1t had always been a mystery how rust survived from season
to season on the hot northern plaing where most of tlie wheat 15 grown
in India. The llI‘CdOb[)'OI'B.S are killed by the intense heat of summer
"and therefore cannot survive in the plains, and other spores seemed
ruled out by the absence of the alternate hast plants in or near the
plains.  Nu alternate host plant rfor yellow rust is knowu and the
alicrnate host for bluck rusi, Berberis vulgariy and that for brown
rust, Thalictrum flavum, are found only at aititudes of 8,000--
]2,000 it., and are not known to be rusted till March or May, where-
as the w heat in the plains is rusted in January.

A study of the cceurrence of rust in various parts of India showed
that the disease spread from the hill distriets, the Nilgiris in the south
and Nepal in the north. TUredospores are produced in these districts
from September to December : they are blown by the wind and infect
first belts of wheat on the foothills, and at a later date, the wheat
growing out on the plains. Dr. Mchta has prepared a map showiug
that in Southern India infection with black rust began in Seplem-
ber in the Nilgiri hills, most of the crop being affected : it spread
to centres further north where it appeared in January and February,
In Northern India infection of brown rust and black rust began in
Nepal at the end of Deeember (30 per cent. infection) while in
Denares it did not appear till the middle of Janunary.

In association with the Meteorologieal observatory at Agra he
studied the wind ecurrents (following the lines adopted in Canada
and the United States) and showed that the winds blowing from the
centres of infection were carrying uredospores. Shorily after these
spores reached a particular wheat area, the first infeetion could be
found in the erops. The spores were produced in cool conditions and
earried by wind at high elevation, so that they escaped the heat and
remained viable,

The rusts differ somewhat in their toleranee of hill conditions
depending upon their temperature relations ; uredospores of yellow
rust survive all the year round at high altitudes (above about 7,000 ft.)
but they cannot survive the summer at lower altitudes, though they
may survive the winter. On the other hand the uredospores of the
black and brown rusts can survive the summer at both lower and
higher altitudes, though they survive the winter only at the lower
altitudes.

This accounts for the occurrence of rust in the plains, but it
does not explain how the rusts survive in the two centres of infec-
tion, the Nilgiris and the Himalayas, Dr, Mehta has gone into this
guestion of oversummering of the fungus in these regions and con-
cludes that on aceount of the comparatively cool summer there the
uredospores survive on self-sown wheat plants and tillers, which are
always present in quantity.

Dr. Mehta suggests that these sources of infection could be put
out of action by suspending the cultivation of wheat and barley in
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the hill distriets for two or three years : in the absenee of alternate
Lost plants the fungus would, he states, simply die out. The areas
wnider wheat. and barley in the hills are only small but such drasiic
action is hardly likely to be taken and indeed it might not answer as
alternate hosts though not recorded may still be there. Instead of
eomplete prohibition a good deal could be done hy prohibiting the
April-May sowings in the Nilgiris and the Palnis, and the Angust
and September sowing in the northerm hills, and by destroying
rigorously the ‘' volunteers ’’ and tillers that appear after harvest,
and carry on the rust.

A more feasible method would be to grow only rust resistant
varietias of wheat and barley in the Ml districts. The breeding
of varieties resistant to every one of the prevalent physiolegieal
raees of rust has hitherto proved impracticable in the United Siates
and Canada, but may be easier in India where so few of the phy-
sicjogical ruces vecur. Attempts have been begum to breed resisiant
varicties : this work is done at Simla.

As soon as a snitable variety i1s found it should be hrought into
veneral use as speedily as  possible. Funds from some Central
sauree would probably be needed for the purpose as the hill districts
1f they had nothing to gain by the change might feel under no
necessity to make it,

Sir Rowland Biffen has obxerved that small doses of lithium
salts enable wheat tu withstand rust. KExperiments should be
made to see if this holds good under Indian emditions, and if so
whether it can be put to any practical nse.

Dr. Mehta’s work appeared to me to be well done and worthy
of the support it has received. It is an application to India of the
investigations initiated by Dr. Stdkman and his eo-workers in the
United States cn Rust epidemiology and Dr. Mehta has shown con-
stderable ingenuity in making the necessary modifications in pro-
cedure. He has wisely kept to one problem, and so has been able to
make mueh more progress than if he had scattered his energies in
scveral direetions,

Other institutions visited at Agra.

While at Agra T teok the opportunity of visiting several other
institutions which, however, are not receiving grants from the
Conneil, and therefore are not reported on here,

(1) The Agra College : a teaching institution.

(2) The Upper Air Observatory—Tere the officer in charge,
Mr. Chatterji, explained the method of taking obser-
vations at high altitudes by means of kites, balloons
etc. At present the practical application of this work
for aviation and general weather foreeasting but as
the investigations develop they may be found to have
important bearing on weather forecasting for agricui-
tural purposes and hence the Council shounld keep itself
informed of the progress made here,
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(3) Bichpuri demomsiration farm—Mr, C. H. Parr, the
Deputy Director of Agrizulture showed me the various
trials going on. OUne of the most iuteresling is tie
gruwth of berseem as a catch crop on land that wouid
normally be lying idle between the kharil and the rabt
erops : this berseem is then fed to buffaloes to increase
the mitk supply.

(4) Dyalbagh.—his colony of the Radhaswami Community
was w0 the time of my visit under ilte leadership of
Sahibji Maharaj Sir Anand Swarup. (') and it affords
an interesting example of a self-contained group of
people living in the countrr in gosd eonditions and
supplying a considerable part of their own aeeds.
They are aitempting to Luitd vwp a Jduiry herd, using
Holstein and Seindi cattle as foundation and they hLave
set un a milk factory which is too larye for their own
herd and ean thevefore talie milk from the surrounding
villages. Dr. Wright is reporting on tlis,

UNITED PROVINCES.

The agriculture of the United Provinces is more varied than in
many other parts of India : there iz no one dominant crop having
the position oceupied by rice in Bengal or wheat in the Punjab ; there
are several crops of comsiderable mmportance in the Province, but
the distribution is not uniform, and sezreyration of erops oceurs in tne
diferent districts. The western part i: well irrizated by ecanals and
tithe wells : the eastern part is rot. but its rainfall is higher : oune
gainy the impression, however. that the eountry is poorer.

Sugar Cane investigations,

The United Provinces are by far the most important produncers
ol sugar cane in Tndia, no fewer than 1.8 milli'm acres out of Brivish
India’s total of 3.36 million acres of suzar cane heing grown there.
Bur the crop is very localised : it is  mainlv concontrated in thres
regions : the Meerut distriet in the West, Rohilkhand in the Centre,
anid Gorakhpur in the Bast. Hach of these hai a sugar cane experi-
nent station : the chief is at Shahjahanpur in the central distriet.
An important sub-station at Muzaffarnagar serves the wostern area,
and a recond sub-station at Gorakhpur serves the eastern region :
unfortunately I could not visit this and therefore make no report on
it.

The Council has made & prant of Bs. 1.01,260 to be spread over five
years for work at the two stations Shahjahaupur and Muzaffarnagar ;
under Mr. R. L. Sethi, the Economic Botanist to the United Pro-
vinees. At the fime of my visit, however, the investigations were
in the hands of Dr. B. L. Sethi.

{a) Shahjahanpur,
(Visited November 23rd and 24th, 1936.)

Shahjahanpur is situated in the lower lying part of the Ganues
pl;_-.in : it has a moderate rainfall (38 inches in 1934 and 25.7 inches

(1) Sir Avaud Swarup died m June 1837,

3
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in 1935) most of which falls in June, July and August : the highest
temperature (about 115°F) is in May and for. some 50 days the
temperature exceeds 105°F ; the lowest temperature is in Januavy
but frost is rare.

The experimental farm at Shahjahanpur is the oldest sugur cane
experimental station in Northern India and the most important 1o
the United Provinees. The programme of work includes field experi-
ments and physiologieal investigations with zome ehemical control.

Field experiments.

Varieties—It is not possible to breed sugar cane varieties at
Shahjahanpur and in consequence varieties are received 1rom
Coimbatore. Of these, Co. 395 and 421 appear to be the best on
richer soils and Co, 393 the most generally. useful on poorer soils :
indeed Dr. Sethi calls it the poor man’s canc beeruse it is somewhat
thin and is therefore less liable to be attacked by various pests than
the thicker canes : further it is drought reststant.

Of the early varieties Co. 350 and 355 are at present the best.
They give less yvield than the others but they ripen earlier and so tucy
allow of better distribution of the cultivators’ time and of ecurse they
preatly facilitate the working of the factory. At present the faciury
pays nothing extra for early eanes, but in my view there should be a
premium sufficient to make their cultivation attractive.

Both seed and seedlings are received from Coimbatore, and
methcds have been developed for germinating the sced and raising
seedlings here. Any of these that reach the stage of Jarge scale
eypcr-imcnt are designated by the letters CoS : several appear to be
promising. 1 was ;iven an interesting table eomparing the finaneial
advantage to the cultivator of the new canes over the old desi varicties
whici easily explained the supplanting of the old sorts by the new :—

Per canal bigha (§ acre).
[ 4

hl
Desi cane. Improved
cane.

Rs. as, Ra, as,

Cost of seed, cultivation and manuring e .. .. Bl @& 55 10
Irrigation .- e . ke .. .. 7T 4 v 4
Rent .. v .. . . .. .. 10 0 10 0
Total cost .. e .. 6810 72 14

Yield, maunds . . .- .. .. 250 350
¥Yalue of gur, 10%, recovery Ra. 3 per maund .. . . 50 150 0
Profit .. .- .. 6 8 32 2

Manurael triels—In these experiments eomparison is made
between organic and inorganie sources of nitrogen : green manure
{sanai), farmyard manure, and neem cake being the organic, and
sulphate of ammonia the inorganie source. The results show tuar
nitrogencus manures increase the yield of cane, but potassie fertilizers
do not, although they may effect the sucrose content and the purily

'
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of ihe juiee. The plots without manure yield about 600 maunds of
green cane per acre, those with manure yield up to 1,000 maunds.

One interesting result is that green manure supplying about 60 1b.
of nitrogen per acre seems to have the same effect as a dressing of
270 maunds of molasses per acre indieating that 1 ton of molasses
supplies to the crop 6 Ib. of nitrogen, 4.e., 0.3 per cent. of its weight.
In view of the important problem of molasses utilisation this figure
needs confirming.

There are several series of these experiments : they should be
continued for two or three years longer and then replaced by a more
comprchensive seheme which ‘would give fuller information. A com-
plex factorial experiment containing 3 types of watering (where the
mechanical differences are not too great), 3 levels of nitrogen
dressings, 3 kinds of nitrogenous manure : tested on 3 varieties would
give very complete information as to the different reaction of varieties
to differences in manuring and watering (). A suitable lay-out is
given on page 106, '

A pgood deal of analytical work is done on the cane and now tnat
the preliminary tests are over I reeommend that the question of
sampling be thoroughly investigated. Chemical analysis is worthless,
and may even he misleading, unless the sample fairly represents the
buik of the material, and in the case of sugar cane it is difficult to
ensure this. The invesfigation should be done jointly by the
Statistician and the Chemist : it would form part of the compre-
hensive investigation on sampling that I have recommended sirould
he centred at the Delhi Institute.

Physiological Experiments,

The distinetive feature of the investigations here is that ithey
ielude a physiologieal section recently started under the charge of
Dr. Mathur late of the Imperial College of Science, Liondon, and of
the Rothamsted Experimental Station. This work at present eon-
sists of two parts : a detailed study in pot experiments of the eifects
of fertilizers on the growing plant, the lines being substantially the
game as those developed by Dr. F, G. Gregory : and a study of the
water relationships of the plant. These two problems are ample for
one seetion and I strongly recommend that nothing more be added
to the programime.

(b) Muzaffarnagar Sub-station.

(Visited November 19th, 1836.)

This sub-station serves the western part of the province : the
upper ‘‘ doab ’’ between the Jumna and the Ganges, an intensively
cultivated region well supplied with sugar faetories which streich
in a chain from Saharanpur to Delhi.

(1) For admirable examples of experiments of this type, see the papers of
T. Crowther, Bull, No. 25, Tech, Series, Roy. Agric. Soc., Egypt, 1936, ‘¢ Experi-
ments in Egypt of tbe Interaction of Factors in Crop Growth, III, The effccta
of variety spacipg, nitrogen amd water supply on Development of the Cotton
plant and the rate of its abeorption of nifrogenous Fertiliwer 7. e
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The Station is about 180 miles north west of Shahjahanpur but
stands muea pugher : ity climate 19 drier and more severe : the aicital
raniail is about 29 inches and the temperature range is from abont
207 1, to 110° ¥, and in winter frosts are fairly frequent so that the
irust resistunce of canes can be tested here. The climatie conditions
are not unlike those at Karnal, which is indeed is only about 50 miles
to the wesgi,

The farm has been established for some time but the Council’s
sugar ecane experiments were started only in 1934, The two main
purposes are to test canes received from Coimbatore and Shahjahan-
pur 50 as to see how far they are suited to this Gangetic canal area.
Lo, 385 appears at present to be the best early cane ; Co. 312 the best
medium cane under moderate conditioms of soil, irrigation wmnd,
wanuring ; Co. 421 and 331 seem promising in richer conditions, whife
Co. 331 seems betier in water-logged solls,

Search is also made for good late varieties of cane but the local
agricultural conditions are not at present very suitable for these,
since the larvesting clashes with the harvesting of wheat. Moreover
it is not yet elear that the factories would find later crushing profit-
able : their officers state that they have no control over phe harvesting
and high yields of immature cane are likely to be obialued by the
grower and passed on to the factory. In spite of these difficuliles,
however, the produetion and selection of late canes must be continued -
if later canes are {o be grown at all the cultivator must obviously

have the most profitable,

Mr, P. W, Marsh, the Commissioner for the Meerat Division,
told me that the work done in the provinee on sugar cane varieties
hag got through to the enltivator so effectively that nearly the whole
area is now under improved varieties.

Fertilizer Experiments—These are on similar lines to those at
Shahjahanpur and the results up to the present are of the same
order, though only two years data are available the 1933-34 crop
having been largely destroyed by insect pests. The maximum eifect
is obtained with 60 lb. nitrogen per acre. Molasses applied as
fertilizer gave the same results as an equal weight of farmyard
reanure, both being applied at the rate of 200 maunds (about 7 tons)
per acre, Neither potassic nor phosphatic fertilizer inereased the
yields in these experiments,

The purity of the juice differs in the different varieties, but it
tends to be lowered by nitrogenous manure.

The green manure experiments show that sgnai inereased the
yield of cane, and that it ean conveniently and advantageously be
grown after cotton and before sugar cane, instead of leaving the iand
hare as at present : this sequence : cotton : sugar cane, is not unusual
in thig region,

(rher experiments deal with tnnes of sowmg, spacmg, times of
applying fertilizers, and various modes of irrigation. Five irrica-
tiong seemed to ;rive the Dest results : R0O.000 to 120,000 pallons per
acre had been given to the highest yielding plots.
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Entomological investigations.

These are a special feature of the work at Muzaffarnagar ; they
are carried out by Mr. R. P. Gupta. Insesy pests in these western
distriets of the United Provinees appear to be worse than elsewhere
and with the spread of sugar cane cultivation the problems of pests
and diseases bave become siill more serious. I was informed that in
1934-35 most of the factories in the Meerut division had to close down
carly in the season on aceount of puor deliveries of sugar cane. 'Tlere
were heavy infestations by the Stemn Borver (Llrguria sticticrespis)
before monsoon rains, by the Top borer (Sciropophege nevelia) after
monsoon rains by the Roog borer (Emmalocera depressella) in August,
by the leat heopper and by the Pyrilly and white fly from the «com-
wencement of monsoon rains till the beginning of winter, in addition
to aitacks of termites. Something like a quarter of tho crop was
destroyed by stem borer in June before the aciual cans formation
began, and by harvest time the remainder suffered 50 per cent.
or more infestation with top bhorer, in additien te the damage
done by pyrilla and white fly.

Varieties differ in their susceptibility to attack and it is always
possible to select canes less liable to sulley than others growing uesr
to them. It remains to be seen how far this is a practicable method
of control : if only a few growers used tlie less susceptible canes
they might escape, the insects preferring the more susceptibie varie-
ties grown by their neighbours. Dut if all the crowers in a particu-
lar region grew the less susceptlible canes the inseets might simply
adapt themselves to the change and for want of anything better,
attack ‘the new canes. That, at any rate has been the usual experi-
ence elsewhere,

The programme of investigations includes (i) the study of alter-
native food plants from which infestation is possible ; (i2) the rela-
tion of time of planting to inecidence of pest attack ; (i) the rela-
tion of germination, tillering and growth to pest attack ; {év) the
behaviour of different varieties of cane,

It is very desirable to investigate fully the conditions under
which the inseet pests multiply and do damage. Spraying and
direct control methods are impracticable and breeding of resistant
varieties is of limited application. but a knowledge of the econditions
under which damage is done may cnabie the agricnlturist to advise
us to methods for reducing logs to a minimum. Phosphatic fertilizers
appeared to decrease susceptibility to attack by the top borer, but on
the other hand waterlomoing of the soi] appears to increase the suscep-
tibility. Second or third year ratoons harbour pesis badly.

Various parasites of the borers have been found parasitising
tither the epg or the caterpillar, but it remains to be Seen whether
they can be made to play any important part in (_:ontrol. Some control
of leaf hoppers (Pyrilla} was effected by eollecting the adulis and the
nymphs in hand nets from the young crop and also by eollecting exg
masses from April onwards. and stripping and removing the dry
leaves each month from September onwards.

H30ICAR
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HOTE BY MR. F. YATES, HEAD OF STATISTICAL DEPART-
MENT ROTHAMSTED EXPERIMENTAL STATION.

Design for a combined experiment on varieties, quantitics and

forms of Nitrogen, and their interaction with irrigation.

Four Course Rotation, including two years S8ugar Cane.

1t is recommended that a factorial design including all eombina~
tions of three varicties, three levels of irrigation, three levels of Nitro-
gen and three forms of Nitrogen be adopted. This will give 81 treat-
went eombinations, which ean eonveniently be arranged in a Y X9
quasi-Latin square in which the whole of each row is subjected to the
same irrigation treatment. A souare of this {ype is shown in the
accompanyimg diagram, a, b and ¢ being the three levels of irriga-
tion, and p ¢, and r the three varieties ; the numbers 1—9 indicate the
quantity and form of Nitrogen aocordmg to the tables :

gquantity.
g4, 10 4 7
Cake 2 b 8
-t FY M. 3 13 ¢
Thus 8§ represents the double dressing of cake,
b 8 3 gl q3 q rd T fo74 o
a ¥ 7 98 93 qt 2 il P9 r}
= q2 q& pd pe P3 q7 rl o) g
b qt a8 P9 rl o q3 g 7 2
L ri (4 qt g7 q2 9 p3 Pt P8
€ 451 19 7 2 e pl gl q8 q3
a 7 P2 3 T4 ® p6 q9 ql q5
¢ 99 4t r2 i v7 95 ] r3 4
b 1] pt 5 b5t 4 | m q2 qb q7

If the lowest Ievel of n is zero then treatments 1, 2 and 3 will be
identical. If desired the levels of farmyard manure may be higher
than sulphate of ammonia and eake, e.g., farmyard manure at 0, 60 and
120 ibs. N. per aere and sulphate of ammonia and cake at 0, 40 and
80 lbs. N. par aere.

Study of the above design will show that all combinations ox
any two factors (except irrigation) oeeur once and onee only in every
row and every column. Thas the effect of any one factor {except
irrigation), averaged over all levels of the other factors, is free from
a1l row or column effects : the same applies to all interactions between
two factors (inchiding ivrigation).

The advantages of factorial design are considerable in such a
case as +he present in which irrigation is likely to affeet both the
response to Nitrogen and the difference between varieties, and in which
the different varieties are likely to respond dlﬂ'erently to dxﬂ'etent
quantities and forms of Nitrogen.

The experiment should elearly be a permanent one, bema car-
tied on for several years on the same plots in order to mensure eu-in
lative edects. As in all Rotation Experiments it would be best to

i
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have one set of plots in each phase of the experiment, i.¢. four 9 %¢ 9
squares 1n all at each place. A reasonable compromise in this case,
however, would be to use 4wo 9 X 9 squares started at twoyear
intervals. Thus one square would be under sugar cane in every year.
A set of such trials carried out simultaneously at three or more
centres would make a really good experiment. In laying down addi-
tional squares either at the same place or in different places the
square given above should be re-randomized by rearranging firsy the
row (including irrigation treatments) and then the eolumns amongst
themselves in random order. 1t will also be better if the four differ-
ent keys given below are used in turn for the numbers 1—9, These
keys being : .

i 1T ILI v
Py
Ny ny Dy Ity T Ny Iy ny; Ny Ny n, ny
S, A, . i 4 v 1 7 4 1 3 2 i 2 3

Cake .. 2 & 8 3 o 6 4 6 b 7 8 .
FY.M .. 3 ] 9 2 8 & 7 8 3 4 b 6

Methods of computation are given in : Imperial Bureau Soil
Science, Technical Communieation 35. *° The Design and Analysis
of Factorial Experiments . F. Yates. (In the Press}.

Cawnpora.

Research and Testing Btation for the Indigenous System of Gur
and Sugar Manufacture,

Grant : Rs. 1,67,380 to be spread over 5 years.

In spite of the great developments of the cane sugar industry
something like 80 per cent. of the sugar cane grown in India is worked
up in the villages either into Gur or Khandsari sugar. The pro-
cesses are very wasteful ; the mills are inefficient and the recovery
from the cane does not usually exceed 60 per cent. of the total sugar
present. It is of eourse impossible to hope for the high staudard
of efficiency attainable in a well conducted factory, but there is room
for considerable improvement on the present methods.

A station has therefore been sct up at Bilari in the Moradabad
distriet with the purpose of improving the village processes, and it
Is proposed to study the possibility of using small vacuum pans in
the village factories and of improving in other ways the making of
gu‘r and sugar,

A somewhat similar investigation is being carried out at Patna,
but on a much smaller scale. :

I had no opportunity of seeing this work but I recognise its im-
portance having seen a good deal of the making of Gur in the
villages,
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Improved Juice Boiling Bel.

GraxT @ Re, 3440,

This work was carried out at the Nagalian farm of Lala Ilar .
Sahai Gupta ; it is purely teehnolegical, and [ am not in a position
to express an opinion ahout it.

BUGAR RESEARCH INSTITUTE.
The Harcourt Butler Tcchnological Institute, Cawnpare,
¢Visited February 10-12th, 1937.)

This Tustitute, opened in 1921, adjoins the Agricultural Colleve.

It has four departments: €General Chemistry, i, Sugar aud
Leather.

As soon as it was deeided to develop the sugar indestry of India,
it was recognised that investigations would be needed on the techno-
logical just as much as on the gerieultural side, and that seund dis-
intercsted advice must be available for the factories. Further, it was
necessary to set up standards for different grades or qualities of the

sugar and te arrange for speeifieations to which the faetories must
conform,

Aceordingly the Counecil set up a Sugar Research Institute and
placed it at the Hareourt Butler Techiological Tnstitute. The deci-
sion was sound, as the Institute has good facilities for technological
work and has acquired experience in conneetion with other industries.
These technological investigations should at an early stage be handed
over to a Central Sugar Committee.

The Director of the Sugar Research Institute is Mr. R C.
Srivastava and the Stafl eonsists of a Professor of Sugar Engincer-
ing now being selected ; the Professor of Sugar Technology, Mr. Van
der Mevden, a very competent Dutech expert who has eome here from
Java ; four assistant Professors and fwo research chemists. The
Statistical Assistant is Mr. P. V. Sukhatme,

Experimental Sugar Plant and Training of Candidates.
OrANT ¢ Bs. 2,25,000 spread over 5 years.

The duties of the sugar technologist are to advise sugar factory
owners on difficulties that have arisen in the eourse of their work,
to advise promoters of new sugar factories in regard to the selection
of the site, the lay-out, machinery, ete., and to carry out experimental
work with the object of improving factorv practice. In order that
this may he done effectively an Fxperimental Factory has been set

up at the Institute where fac'.ory problems can be studied on a semi-
commercial seale.

Provision has also been made for the training of sugar techno-
logists. Students are received from all parts of India but the Gov-
ernment of the United Provinces has the first claim to 20 per cent.
of the places. -
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4 Bureau of Sugar Standards.

Grant : Rs. 32,610, spread over a period of 5 years.

It is impossible to establish the sugar industry on a sound basis
in India unless standard grades of sugar can be agreed upon and
duly Spec:ﬁed.' For this purpose a central body is obviously necessary
and the Couneil has made provision for the establishment of a Burean
of Sugar Standards at the Sugur Institute.
The funections of the Bureau are :—
1. Preparing and supplying sugar standards,

2. Maintaining a Museum of supplies of sugar and other sugar
producis.

3. Publishing annual reviews dealing with the quality of
Indian sugars and of ecompetitive foreign sugars.

As soon as the procedure and methods have been worked out the
Bureau will become an adwinistrative rather than a research organisa-

tion and it should therefore no longer be supported out of the Coun-
¢il’'s funds,

Statistical Branch,

The statistical work of the Tnstitute falls into two parts -
1. the collection of statistical data in regard ta the indusiry :

2. advising in regard to the design of experiments made in the
factories on various technological problems,

In order to avoid the possibility of apparently conflicting advice,
designs of experiments should be @reulated to the Couneil’s Statisti-
elan  and  to Professor Mahalanobis for information and ecmment,

Utilisation of Molasses. .
Approximately half a million tons of molasses are produced
annually in India, and it is important <o find some method cf utilisa-
tion,
Four methods are being studied :

(1Y For surfoving mefalled roads—Considerable ]engthg X of
roads have been treated and the results seem promising,
but it remains to be seen how long the effect lasts:

(2) As fertilizer—Experiments in severa!l of the agricultural
experiment staticng have shown that molasses has-
distinet value as fertilizer in some circumstances. though:
not in others. Successes arve recorded at Shaljahanpur,
Muzaffarnagar, Nagina and Dangalore ; on the other_
hand. ncgative results were obtained ai Padegaon and
Risalewala. ‘

€3) Conversion inte industrial alcohol—At first sight this 18
the simplest method ¢f handline the nolasses, as 1t could
be done at the sugar factery, and would help in the
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spread-over of the work ; # requires no new organisa-
tion but only an extension of the existing factory orgauni-
sation and it presents no speeially difficult problems to
the teehnologists, suitable methods being already well
known. Indeed it is understood that the Government
Central Distillery, Nasik Road, contracts for the whole
of the molasses of some of the sugar factories. There
are, however, economic and excise difficulties in the way
of unlimited extension of this method.

(4) Preparction of ¢ cattle food —A grant of Rs. 10,000 spread
over 2 years has been given for investigating this possi-
bility, the trial foodstuffs being prepared at the ILnsti-
tute and tested at several of the northern agricuitural
experimental stations.

Bagasse screenings from the cane are dried and mixed with
Yoiled molasses and sourees of protein such as Chuni, mustard cake
or ground-nut cake, then pressed into cakes. These contain approxi-
mately 17 per cent, pretein and 62 per cent. carbohydrate. No feed-
ing results are available as yet. but Buropean experience with thia
type of food shows that it can be made to give very good results.

Other possibilities.

Another method which T suggest should also be tried is to utifise
ilie molasses for growing yeast. Some cf these are good cattle Food ;
they are rich in protein and other valuable mufbrients and there
should be no difficulty in growing them at the factory. This method
was used in Germany during the war and is attracting attention
again, now that the poliey of national self-gufficiency is developing.

At the sugar factery in Mysore remainder yeast grown in molasses
was readily taken by farmers, (1) and it seems desirable 4o experi-
ment with other types also.

Tn western eountries molasses added to grass or other green
fodder as it is put into the silo improves the quality of the resulting
silage. Experiments on these lines should he tried.

In western countries nlso molasses hag various other industrial
purposes - it is used for making solvents and the shock absorber
and ** antifreeze '’ fluids associated with the motor car industiry :
as yet these uses are unimportant in India,

0il Section,
GRraNT : Bs. 90,0600 for 3 years.

The work of this section consists in training students, in render-
ine technical assistance and advice to the mdustry and in carrying
out investigations of technological importanee, such as the bleaching of
eertain oils for technical nse. The Couneil has deeaded to  hand
over this subjeet of Ojl Technology to the Industrial Research
Bureau, a decision in which I entirely coneur. '

(1) For i\r.nenmn”:;pcrmn(e with this kind of cast, B h d
Fry, Maryland Agric. Expt. Sta, Bull, 349, 7 ses Sronghton i
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Cotton-seed crushing : supply of decorticated cake for educatiom
and propaganda.

GRANT : Rs. 10,000 spread over 3 years,

This work is not yet begun. Its purpose is to take over decorti-
cated cotton cake made at the Harcourt-Butler Technological Insti-
tate, und supply it to the Officers of the Agvieultural Departracnts,
for use In experiments ‘and demousirations on  deparimental
inrms,

At the present time the large amount of cotten seed produced in
India is not fully utilised. A little is exported to Great Britain and
ofhier countries as raw material for the oil and feeding stufis
industries, but nearly all of it is fed direct to cattle, which involves.
wusting a good deal of the oil.  The ewtablishment of an oil indusiry
in India would necessitate the ereation of a market for the decorti-
cated cotton evake und this reguires much preliminary demonstration
work ameng farmers.

Gil seeds crops are studied at the Cawnpore Agrienltursl Collece
with a view to classifieation and improvement. The wwl: is in soma
respects similar to that being done at Liyalipur and the workers should
keep touch with one another.

Nagina Rice Research Station. (United Provinces.)
{Visited November 22rd, 1936.)

Paddy ocenpies 64 million acres in the United Provinees prinei-
polly in the northern and eastern parts and the early varietices in
particular are widely cultivated.

Ir. spite of this large acreage, however, the United Provinees do
roi produee all the rice consumed, and there is in eonsequence an
imnortation which the Department is trying to avoid by inercasing
the production in the districts irrigated by the recently coasirucied
Harda Canal.

The experiments are in general charge of Mr. R. L. Sethi, E:;om}
mic Botanist {Sugar Cane and Paddy) to the United Provinces
Government ; the loval officer is Dr. B. L. Sethi, the Assistant Paddy
speejalist, with two research assistants, Messrs, T. R, Mehin 'a‘nd
. S Gupta : the farm superintendent isx Baba Sanjai Singh. Tbe
amount of the Conneil’s grant is Rs. 1,39,660, spread over five years.

The Nagina farm was established in 1932 as the paddy breeding
station of the United Provinees : it is about 30 miles east of Muzaffar-
ragar almost in a ine with Karnal which lies 50 miles to the west.
I iy a district welllkmown for its early tvpes of rice, inetading
Basmati, claimed as the best table rice in India. Tt is about 344 m'iles-
from another rice experiment station, Kala Shah Kaku in the Punjab.

The work consists in secking for early varieties of good yield and’
high quality. This necessitates the possession of a  considerible
eolleetion of sivains and fortunately one had already becn started In
the United Provinces by Mr. R. L. Sethi in 1924 : he collected some
1,200 samples from. the diferent regions and from these isolated 133
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types possessing constant characters. Others have since been added
iv the collection and now a eonsiderable number of strains are grown
at Nagina. The importance of earliness arises from the circumstance
that rice is a kharif erop, sown in June or early July before the rains,
and harvested from September to December according as ihe variety
is early or late : if it can be cleared by Oectober gram can be sown as
a rabi erop : if by November, wheat or peas can be sown, but if it
remains on the ground till December nothing can be sown and the land
must he left idle till the following June, unless a green manure erop,
sanai, ean be sown in April or May. The sowing of an early variety
therefore permits the growing of a rabl crop.

On the other hand late varieties give 10 to 20 per eent. or more
higher yield than do the carly varieties, and there are regions, e.g.,
tive submontane regions liable to flood and the eastern districts.
where late varieties alone can be ecultivated.

A further advantage of the early varieties is that they commonly
escape the serious pest leplocorise varicormis, locally called Gandi,
which from mid August to mid October, but especially during Sep-
tembrer, attacks any young grain that is still in the green milky stage,

Tarliness, however, does not invariably ensure immumuity {rom
Gundy @ late varieties sometimes escape mure completely through not
being sufficiently advanced a¢ the time when the insect is ready.

The only immune rice is the local Saths, (60 day), & poor yield-
ing early sort but with the great advantage over the good commer-
cial varieties that the panicle is enclosed so that the insect cannot
pm*('t: ate to the grain. This Safhi was erossed in 1929 with hetter
ririding varieties so as o obtain new sorts combining high yield and
ool quality with the enclosed panicle and consequent immunity to
Gandi. The F. 5 generation has now been obtained, and has yielded
enltures, apparcntly fixed and pure, in which the panicle remains
evclosed during the ereen milky stage and then opens out giving grain
in lavge quantity and of hish quality.

In eonnection with this seleetion and hvbridisation Dr. Sethi
has heen mtermittently carryving out eytologieal investigdiions 1t
is unreasenable to expeet results in these conditions and if e is stay-
ine en I should reeommend the appointment of a special assistant
trained in eytology o do the actual work,

There are a mimber of manurial experiments which are well
designed and well laid ont. They show the value of green manarinz
with Sanai : this is superior to sulphate of ammonia which in turn
is supevior to nitrate of soda. Other experiments deal with the time
of planting, varving also the age of the transplanted seedlings ; these
indicate, as usual, that {he Jate varieties ripen at roughly the same
time whenever ithey are sown, 7.e., their time of ripening is fixed ;
while the early varieties ripen earlier or later according to the time
of sowing, 7.e., their period of growth is fixed. Earlier ripening of
sxrly ripening variefies can be secured by earlier sowing, but earlier
ripening of late varvicties eannot. Experiments are beine made to
see if earlier ripening ean he obfained by vernalization, bui so far
the citzmpts have bren without suvcess,
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) The troublesome problem of the shedding of rice at navvest time,
the result of each separate grain being on its own little stalk, is

under investigation. The character is varieta] and is probably
controllable,

As happens not infrequently, the yields obtained on the farm
here are 36—45 maunds per acre as against the peasants’ iyiell of
15—20 maunds for early sorts and 25—30 maunds for late soris.
For wheat the yield on the farm is 20—25 maunds per acre as agaiass
the peasants’ averagze of 11.

Work is 2lso in progress on the hulling and cooking quality of
rice and on the possibility of improving the storage. Consumers
prefer rice that has been stored for some months and will not eat
new rice if they can afford the older grain. A considerable quantity
of rice is held in the villazes and bazaars in tins, boxes, gunny lLags,
earthea jars, ete, for periods up 1o three years. Attempts
are heing made to improve the storage. This part of e
worle, particularly that dealing with huiling and cooking quulity,
is necessarily vague and indefinite and should be regarded simply as
a mincr adjunct to the breeding and selection.

The field work is well earried out. The records are claborate
and their eollection takes up much of the time of Dr. Sethi aud
Mr. Mehta, with such assistanee as they can get from their small
staff. This is inevitable. But they are in addition ealled upoa to
wurk out the detailed computations involved in the statistizal calenla-
tions. This is an unceonomic use of their time, and it would certuinly
bhe an advantage to give them help on this computing side. I under-
stand that graduates could be ohitained at a relatively low salary
who would be safficiently trustworthy and wlo, if provided with a hand
calenlaling machine, ecould do alf the neeessary caleniations.

Tt would also be an advantage to appoint an analvst whe enuld
under direction follow the changes in nitrate and ammonia couent
of the soils of the more important plots during the yvear : this mizht
furnivh the elue to some of the differences obtained in different years
on the manurial plots.

The Council, has no experiments in the castern part of the pro-
vinee.

Barley,

The barley grown in India is almost entirely 6-rowed ; the
2.rowed varieties which are usually in larger demand for brewing
do not as a rule give sufficiently good vields to justify their growth.
Barleyv iz almost entirely confined to Northern India, and out of a
total of 6} million acres, more than 4 million are grown in the

Tnited Provineey and nearly 1} million in Bihar and Orissa ; over
600,000 acres are erown in the Punjab and 130,000 acres in the
North-West Frontier Province. Mueh of its importance lies in the
circumstanee that if well suited for malting, it commands a price
far higher than it eould obtain il soid far food, ihe difference being
sometimes as much as 50 or even in special cases 100 per cent.
Assuming prices of this order ecould ‘be ¢btained, barley would



114

make a good cash crop, as it can be grown in the rabi season and
without mueh expense.

For many years barley has been exported to England and
samples have been periodically purchased by maltsters. But they
had several defects : rather poor quality, serious contamination
with weed and other seeds, and they have of late years been in-
fested with the Khapra beetle, Tregoderma granartum(l), which
if intreduced into maliings in England, causes very serious trouble.
In all the above named provinces experiments have been made for
the improvement of barley varieties, and, in order to ascertain
whether the new sorts were bhetter than the old, & number of
samples of barley were sent from the Experiment Stations to the
[nstitute of Brewing, London, and examined by their experts.
The reports showed that some of these samples were distinetly
better than the usual market supply and if available in commercial
quantitics would probably find a ready sale,

In 1934, the Council made grants to the Departments of the
above three provinctes : Rs, 6,000 each to the Punjab, Bihar and
Orissa and Rs. 4,600 to the United Provinees, to run over a period
of 3 years for the continuance of this work. A considerable
nnmber of samples have heen examined under this arrangement
and the general trepd of the reports is that while they do
not come up to the high class English 2-rowed barleys, some would
compare favonrably with the 6-rowed Californian barleys, of which
a considerable quantity is used in English breweries, while others
of lower grade would be acceptable to distillers. The price
obtained for the Californian barley is well above that for feedine
barley, though not usually as high as that obtained by the first
class samples of English malting barley,

The two types of barley, 2-rowed and 6-rowed, are not inter-
changeable and serve somewhat different purposes in the brewine
process ; somewhat different properties are therefore required.
Many brewers recognise in the Californian 6-rowed harley gomething
whieh they call “* sun ”” which they consider can be obtained only
in countries where the crop has been grown i full sunshine ;
further, the fibre n the grain either by virtue of its amount or
of some speeial property facilitates work in the mash tub. What-
ever the Californian propertics may be, however, the experts of
the Institute of Brewing find that the hest of the Indian barlevs
sent recently possess them to a considerable degree so that some of
the recent samples compare favourably with the. hest imported
Californian barley.

Most of them. however, are not quite so attraetive in appear-
ance as the best Californian samples. The difference is largely
on the surface, for the reports repeatedly state that the malt was
better than had been exmected from the appearance of the harley.
The proteins 1n Indian barley apparently have less harmful effects
on malting guality than thoge of the ordinary English or Cali-
fornian barleys ; the Indian barleys modify better and yield
higher extract than these other harlevs of similar nitrogen econ-'
tent. Clearly in purchasing Indian barley the standards wenld

(1) This ig the name usual in the publications of the Lmperial Entomological
Institute, but T. khapra i3 commonly uzed in India.
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‘have to differ from those used in purchasing Californian barley.
A little time would probably be necessary to allow the brewers to
adapt themselves to these differences in appearance and constitu-
tion, and so long ag Californian barley remains available in large
quantities, it would probably be preferred by the average buyer,
partly because the staff know how to deal with it, partly because
of its better appearance,

There are, however, indications that Californian barley is not
likely to remain in its present important position in the Knglish
market. Now that prohibition is repealed in America, the manu-
facture of beer iz developing, and the demand for Californian
barley is increasing both in the eastern and western States. In
any attempts to take the place of Californian or Mediterranean
barley the Indian barley would have a substantial price advautage
in the 10 per ecent, ad valorem duty imposed on non-Empire
barleys, from which India is exempt, and moreover there are
many brewers who would like to announce that theirs was an all-
Empire beer. It is reasonable to expeet that these factors should
help materially in substituting Indian for Californian barley on
the English market, if on its merits it deserved the plsce. The
only important competitors so far are the Australian 6-rowed
barleys, some of which are like the Californian, and those grown
by British farmers who are now experimenting with 6-rowed
barleys with a view to securing this market themselves. Suitable
varieties hardly exist at present, but will possibly be found : it
remainsg tn be seen, however, whether the neeessary gualities can
be obtained in a season of but little sunshine,

It is difficult to say how large this market might become. At
present well under one million guarters (==200,000 tons) of
Californian barley are nsed annually, and it is improbable that
the whole of this could be replaced. Up to the present (.-251
has been the best of the United P’rovinces’ barlevs, and there 13
little question that if consignments like the samples recenlly sent
from Raya (Muttra) (1936 crop) could he supplied in quantity,
they would find a ready market. But this same variety grown
alsewhere was not so successfnl, and elearly the soil and eclimatie
conditions play an important part.

Other samples were considered by the experts to be compar-
able with Chilian forage Dbarleys which, while used by some
maltsters in Bngland, do not command sueh bigh prices as
Califorpian,

I recommend therefore {hat the efforts for improvement
should he concentrated on the 6-rowed barleys with a view to
capturing the share of the market at present held by Californian
barleys.

Unfortunately there is no simple test that can be applied
locally and in conseguence it will be necessary for some time to cone
to send samples to the Instituta of Brewing for valuation. The
nitrogen percentaze and Bishop’s Extract Scale(?) give a first
approximation but if the work is being developed, it seems desir-

(%) Jourpal Instit., Brewing, 1936, Vol. 42, p. 107,
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able to send an officer to England to study the market reguire-
Jments so that he could make the first selections in India. It would,
still be necessary to send the final samples to the Institute of
Brewing before recommending their multiplication on a large
seale. It must be emplasised, however, that no permanent trade
ir Indian barleys ean be developed uutll the shipments can he
guaranteed free from Khapra beetle.

There iz a eertain demand in India for malting barlev, and
some distriets, suech ag Rewari and Farrukhabad in the United
Provinces, are already well known in India for supplying wood
samples. The possibility of manufacturing malted foods should
also be examined.

Fibre Plants,

Sunn Hemp, Cawnpore,

IRANT : Rs. 34,226 for 3 years,

Schemes dealing  with  Sawn hemp ave in progress in the
United Provinees, Madras, Bombay, Bihar and the Ceutral Pro-
vinees, the general  programae boine  similar at all the centres,
thourh there ave ditfercnees in detail. As the United Proviuces
are the chief producers and expsriers of raw  hemp in India
special stress 15 laid on the retting and the freatment of the fibre.
Preliminary o.\pcx'mwlls show that the existing methods can be
considerably improved and the resulting fibre is worth much mors
than that zow produced.

Utilisation of Linseed Fibre,

Grant : Rs 33,000 to be spread over 3 years.
The work has not yet begun.

In flax wrowing countries it s reeornised that the produetion
of flax caunot be vembined effeeiively with the production of wil,
as no variety of linseed 18 known which passanses the triple quali-
fications of producing high yield of i, hiziy +i2ld of a good flax
fibre, an:l good agricultm'al properties. The Indian oil varieties, how-
ever, produce a short fihre for which It is believed a market can
be found. The purpose of this investigation is to investipate the
possibility of extraeting this fibre thmchy making the erop more
profitable.

1t a definite ontlet ig found for th~ fibre this work eould be
undertaken, but if not, I recommend that the scheme be dropped.

The Cawnpore Agricultural College.

While at Cawnpore I took the opportunity of visiting the
Agricultural Colleze, an aetive institution where much teachine
is dome. It is claxmed that an important percentage of the stu-

dents go in for practical farming after they have completed their
course,
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The Experimental Farm.
(Vigited, February 10th-12th, 1937))

A large area is under experiment and an extended pro-
gramme is carried out under the eflicient supervision of Mr. P. B.
Richards.

While here I saw the sad sight of a large area of arhar cut
down by frost. It is rapidly beecoming possible to issue frost
warnings by wireless and it scems desirable to experiment with
simudge fires and olber devices for minimising frost damnage, so as
to sce if they have any economic value in these regions liable to
frost.

Fruit Research : Chaubattia Station.

it has long been known that fruit would grow well in the
Kumaon I{ils, and as long ago as 1870 a Government Orchard
was started at Chaubattia ; others followed, Then, for a time,
interest died down : it revived, however, with the development
of cheap and relatively rapid motor transport, and from 1915
fruit growing became more active and the orchards are now
increasing in number.

Al the ordinary Iinglish fruit can be grown here and there
is reason to believe that a good fruit indusiry could be developed.

The old Government fruit farm has now become the United
Provinees station for research on temperate fruits and a grant
of Rs. 1,60,780 spread over 5 years has been given. I was not able
to visit it but reports on the worlk were submitted.

The soil investizations inelnde studies of the suitability of
the different soil types for different wvarieties of fruits, and

attempts to traece out any connections that may exist between soil
conditions and incidence of diseases.

The entomological work consists largely in making a tree by
tree survey with the purpose of aequiring a detailed knowledge
of the incidences of pest attacks and correlation of these with soil
eonditions. This method seems to me to be very sound and likely
to give valuable resulis.

The Myecologist is studying certain specific diseases : collar
rot of apples, etc.

The horticultural experiments include sgearch for suitable

apple stocks, methods of propagation and management, pruning,
mulching, ete.

As far as it is possible to judge from the reports the lines of
work seem to be satisfactory.

Light traps—An experiment with light {raps made at
Ramgarh in 1932 was unsuccessful ; out of 224 adults attracted to
licht only 14 were females, the rest beine males. This is a
common oceurrence. Dr. C. B. Williams at Rothamsted has,
however, recently found that for certain moths in England the
proportions of males and females captured depends on the height



