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AGRICULTURAL MUTUAL CREDIT IN FRANCE
AND THE WAR.

ERRATA.

(¢) Vol. XI, Part 1, of this Journal,

In the article on *Indian Hemp Fibre,” pp. 31—41, substitute
*Sann-hemp” jor  Indian hemp” wherever it oceurs.-

(1) Special Indian Science Congress Number of the Journal,

Page 96, 4th line from bottom. For “to evaluate time” read
“time to evaluate.”

of the public at the beginning of hostilities

“ These societies found themselves in the same position as the
Savings Banks and other institutions of credit that were in direet
oontact with the savings of the people, and like these they were
liable to see their clients insist upon their deposits being refunded.

. ** Their situation, however, has been quite different : no demands
have been made for repayment : there was no need for a moratorium.
They have even received, since the beginning of the war, new deposits
- of the total value of 120,000 francs.

“ In the country districts, the people are only too much inclined
to believe that debts need not be paid during the war, and one might
be inclined to predict that the repayment of small debts would be

( 221 ) 15
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suspended, the moratorium having, moreover, deferred the time
of their falling due to an undetermined date. )

“ The agricultural eredit institutions of Burgundy and Franche-
Comté have upset the least pessimistic forecasts of this kind and
proved themselves capable of facing the most critical situations,
In fact, the Regional Bank, seeing that the cultivators were realising
large sums on account of the requisitions and the rise in the prices
of the products of the soil and of cattle, insisted on the local banks
obtaining at least partial, if not complete, repayment, whenever
the condition of the borrowers permitted it, without in any way
involving in difficulties the families of the men mobilised. Since
the beginning of the war the sum of 434,000 francs has been received
under the head of repaid loans.

“ With the deposits entrusted to it, and the repaid loans plus
the sum standing to its credit with its banker at the beginning of
the year and which the banker paid into it, the Regional Bank has
bought over 900,000 franes worth of Treasury bonds.”

.



THE HAND-FEEDING AND MANAGEMENT OF
BUFFALO CALVES AT A DAIRY.

BY
ROBERT G. ALLAN, M.A,,
Principal, Agrvicultural College, Nagpur ;
AKD
J. V. TAKLE, L.Ag, N..D,
Collega Dairy Overseer, Nagpur.

Cavr raising, though frequently neglected or carelessly carried
out, i3 an important section of dairy management. The im-
portance of the subject is proportional to the milk capacity of the
individual buffaloes and cows forming the herd ; to the difficulty
of procuring, by purchase, substitutes in their place and to the money
value which is Likely to be got for such animals as it is necessary to
sell from the herd. Dairying on modern lines, with due care to
hygienic conditions and purity, cannot be worked at a profit by
filling up a herd with inferior low-yielding animals and by depending
on the number of animals rather than on the quality of the
individual for the necessary bulk of milk. When the animals of a dairy
herd are individually poor there is little scope for or inducement
to the careful raising of the progeny. On the other hand, good
milkers are comparatively rare and the present system in many
dairies of making no real attempt to raise the calves properly
and of depending on the purchase of milk stock from external sources
is creating a drain on the supply of good milkers (for example the
Sindhi breed of Karachi and the Murrah buffalo of Delhi) and
raising the price without any adequate effort to repair or replace the
loss to which the milk interests of the future are being subjected.

( 223 )
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Given that a foundation herd of carefully selected good milkers i
established, due attention to the raising of the progeny, iy
particular the progeny destined to extend the herd or replace its older
members, is both desirable and profitable. A herd which is
dependent on purchases for extension and replacement can never
really hope to make that definite improvement in individual
milk production which is the foundation of profitable dairying. At
the same time the chances of the introduction of disease into the
herd are much greater in one based on purchase than in one based
on home breeding and raising. If it is intended that the future
stock be raised in the dairy, the raising must be carefully done.
Otherwise the death-rate among the calves will be high and such
as come to maturity will fail to maintain the milk producing lovel
of their dams. In the writers’ opinion a very fair proportion
of the blame for the low yield of Indian buffaloes and cows is to
be attributed to the wretched conditions of food and care under
which they are raised during the first 7-8 months of their lives,
as young calves. It is commonly remarked that she-buffaloes
raised in big dairies have seldom, if ever, the milk production of
purchased buffaloes from up-country. This is entirely due to
the lack of care and sufficient food generally given to calves at
such centres. In the writers’ opinion and experience, home-raised
Dethi buffaloes will give an equal or even hetter produetion than
their dams, provided a certain amount of care is given in the eatlier
months of their existence. They can be raised as satisfactorily,
if not more so, on a diet of separated milk and a proper substitute,
as when allowed to suckle freely. Indeed in certain cases, call
ailments are traceable to the high fat percentage and excessive
richness of the dam’s milk.

The notes on calf raising which follow are the result of the
practice found most satisfactory at the College Experimental Dairv.
The system of calf raising outlined here is based on the possession
of a herd of medium to good milkers and is restricted to such
of their progeny, essentially the female side, which it is intended
shall be used for the replacement or the extension of the existing
herd or to such as will find a market at a reasonable figure if sold off.
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The larger majority of the calves handled by the dairy are buffalo.
The buffalo calf is an easier animal to separate from tts mother and to
hand-feed and the mother is less influence( by the presence or
absence of her calf. They are, however, much more delicate than
cow calves, and unless care is taken, the mortality may be us high
as 75 per cent, Cow calves separated from their mofhers can be
raised by hand with « little patience though they take to pail-feeding
more slowly. Usually, unless the first calf is separated, the maternal
instinct of the mother is so strong as to render complete separation
of a later calf almost impossible and any attempt to doso produces
an adverse effect on the dam’s production. Many of the points
recorded here are common to both buffalo and cow calves and the
methods recommended for raising buffalo calves are equally
applicable to cow calves. Since the introduction of these methods
i the college herd there has been no mortality among buflalo calves
and only one calf died during the period of abont twenty months,

For experimental purposes at the dairy and in order to test .
principles, all celves are maintained alike, thougl the male buffulo
celf receives a slightly lower diet. The male buffalo calf is however
an animal which it is scarcely worth raising on any improved lines
unless destined as a possible herd sire. Economically, they are
more profitable if dead than when alive, and an enquiry into any
Indian gaolee’s business will show that the death-rate among
buffalo males is out of all proportion to natural causes and that
their natural delicacy, 2s they are harder to raise than females,
is made the most of,

The Dairy deals in hoth whole milk and milk products. A
tair proportion of the buffalo milk is separated. This separated
milk provides the hasis of the young stock feeding, the balance
being sold off.

The high death-rate among yourg calves, in particular buffalo
calves, arises from one or oftener a combination of the following
catses :

(1) Lack of suffigiency, regularity and frequency of feeding.
{2)_Lack of cleanliness.
(8) Lack of sufficient exercise.
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(4) Absence of care at the time of birth and absence of
preventive steps agsinst scour, white scour, worms
and bronchial diseases.

After a few remarks on the condition preceding birth the subject
of calf raising by hand will be dealt with from these standpoints.

Waire v Carr.

Tn the Jarge majority of cases the average buffalo remains
dry for from 2-4 months. In only two cases in the writers’ experience
has this period been less than one month. The length of time
for which the buffalo will remain dry is dependent on the hbreed,
on the individual, on the length of time which elapses between
calving and covering, and on the quality of the fodder supply. The
general average amongst the breeds on the college farm is for
Delhis 104 months in milk, 2 months dry ; Surtis about 12 months
in milk and 33-4 months dry ; Local (Deccani) about 9-10 months
inmilk and 4-4} months dry. Thus the necessity of forcibly drying off
50 as to permit of 6 weeks’ rest is so rare as scarcely to require
attention. During the carlier part of this period a good supply of
nutritious fodder is all that is essential. If the fodder is of poor
quality, as is sometimes the case in the hot weather, a small amount
of some cheap concentrated food, for instance undecorticated cotton
cake, can be fed. It is a mistaken policy to underfeed a milker
during the rest period, more especially if she is a high yielder and if
the time of rest between drying off and calving is likely to be short,
Rich food is not necessary—only an ample amount of digestible
material in the fodder is required. Such concentrated food as may
be fed in this period is only to be regarded as making good any
defects in this respect in the fodder which the owner is forced to
feed. Some 3-5 weeks before ealving is due, there should be a small
addition given in the form of concentrated. This amount should
be inereased weekly up to calving time, so that she calves on a rising
state of vigour. The length of this period of concentrated food and
the amount finally fed in the week previous to parturition are
dependent on the length of time the animal has been dry or without
direct concentrated food and the probable milk yield of the buffalo
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after she has calved. If the animal has been dry for some months
this period should begin sooner. If the milk yield expected is high
the increments added each week and the mass total in the last week
should be greater. The foods available at economic rates in the
country are variable and so no very definite recipes can be given.
The following, however, will illustrate this principle and be the
first step towards a liberal milk supply and a satisfactory calf.
First week, give 1} Ib., second week 2 Ib., and then one additional
pound per week up to the fifth week when the diet will be 5 Ib.
The concentrated should consist of a mixture of oil-cake with either
bran or chuni in about equal parts. The period hefore parturition
is an important one—perhaps of more importance from the stand-
point of the female’s milk yield than from the quality and vigour
of the calf, unless the female is particularly badly treated at this
period, which unfortunately is too often the case. Generally
speaking, the better the feeding of the female, especially if in first
calf, without extravagance, the better the chance of a virile calf
and a good milk flow; that is, provided the female inherently
“possesses a good milking tendency.

During axp ArTiR CALVING.

At first sight the care and feeding of the female at this period
would appear to have but little direct effect on the calf, specially
one which is to be hand-fed. There are, however, one or two
points which must be closely attended to or the result to the calf
may be fatal. Before partutition is due, say some 3-4 days, the
female should be separated from the herd, removed from the common
stalls and placed in a calving stall, preferably a loase box. In
the writers’ opinion a room of galvanized iron, with a removable
thateh above the iron roof and having a stone floor, and fitted with
a half door for ventilation, is suitable. Such a building is sufficiently
o0ol, is easily cleaned, and can be thoroughly disinfected and is free
from ticks. The calving female is made comfortable with litter,
which should be removed daily or at any rate cleaned and sunned.
During this period the diet should be changed to one of laxative
type, foods like cotton seed cake and even to some extent chuns,
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shouid be avoided. Probably one of the best diets at this period
and for some days after calving is one consisting of half bajra and
half bran or three parts of the former and four parts of the latter,
Oats could no doubt replace bajra ; but the former is the diet fed
by the writers.  The amount of this mixture will vary between
4-8 1b. according to the expected milk capacity of the mother.
The important points at this stage are a clean spot for calving and
a laxative diet to prevent any disturbance in the milk (colostrum)
production after calving. One of the commonest sources of loss of
calves is navel-ill. This is closely associated with infection from
a dirty floor and lack of immediate steps to disinfect and tie up the
navel string immediately after separation. A calf dropped in the open
rarely suffers from this, and, if a suitable calving shed is not available,
probably the next best place to tie up is in the open under shade.

Tae FEEDING AND MANAGEMENT oF THE CALF IMMEDIATELY
ArrER BirTH.

The calf should be placed before the mother who will lick
it and thus remove most of the mucilaginous matter adhering to it.
The calf’s mouth and nostrils should be freed of mucilage to
permit normal respiration and steps should be taken, as mentioned
above, to wash the navel with a 5 per cent. antiseptic lotion and tie
it up, using silk thread or gut. Tf not properly cleaned by its
mother the calf may be rubbed down with straw. In some cases
the calf may be removed immediately after calving and cleaned
down in a separate shed, but there is no direct advantage gained.
In about 6-8 hours the female will pass her after-birth and by then
the calf will be beginning to attempt to reach the teats. Thisis a
point at which management varies. Some raisers permit the calf
to suckle for one or two days, others a week or even longer and others
remove the calf entirely. In deciding action certain considerations
must be borne in mind, These are (1) the effect of removal on the milk
flow of the female, and (2) the effect of non-removal on the aptitude
with which the calf will take to hand-feeding later. A certain
proportion of she-buffaloes do not appear to be affected by the entire
absence of the calf. Others, though not requiring the calf to starf
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the milk flow, are quieter and more easily handled if their calf is
beside them. A few cannot be got to milk unless the calf starts the
flow. Usually these are buffaloes which have been permitted in the
past to suckle their young. In the case of cows the maternal instinet
is greater and a cow which has once been suckled by her calf is
difficult to handle in its absence and not infrequently refuses to
drop her milk, unless the calf starts the flow. As regards the ase
of hand-feeding later, there is no doubt that the longer the calves
are permitted to suckle, the more difficult it becomes to get them
to pail-feed. A buffalo calf, separated from its dam, say a week
or 10 days after calving, can be got to pail-feed with little trouble
and generally without seriously affecting the milk flow of the dam.
A cow calf is extremely difficult to train and, indeed, in some cases,
impossible, while the cow, even in her first calf, will probably show
a falling off in milk. From these facts the writers believe in the
immediate separation of calves, particularly in the case of cow
calves. Such separation in the case of the latter is possible only
if done at the first calf, before the female has had an opportunity
nf experiencing the effect. In the case of buffalo it is not s absolute-
ly essential, but, with a view to the greater ease with which the calf
takes o the pail, it is probably desirable, unless the udder is caked
or out of condition. The mother must of course be thoroughly
hand-milked in the absence of the call. Assuming that early
separation 1s decided on, the call should get its first lesson n pail-
feeding some 6-7 hours after calving. This is done by putting the
middle and the fourth finger of the right hand in the valf’s mouth.
When the fingers are introduced the calf begins to suck, and the hand
should then be lowered very gently into a shallow vessel containing
between one and two pounds of the colostrum drawn from its mother.
In the first efforts the calf draws the milk by sucking on the fingers,
but in two or three days it will begin to take up milk from the pail,
still assisted by the hand, and within a week will drink direct.
During the first 10 or 12 days the call must get its mother’s colo-
strum.  Ordinary milk will not do. During this period it should
receive its milk at least 4 times a day. The milk fed immediately
after the movning and evening milking needs no special attention.
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The milk fed at intervening times must be warmed to about 100-
101°F. The vessels in which it is fed must be clean and the milk
fed fresh. Negleet of any of the above points will probably lead
to stomach troubles. After having its milk, it.is advisable to wash
the calf’s nostrils and mouth with water and wipe them dry.

CaLr FEEDING.

This section refers to feeding till over, at least, 6-7 months
of age. The largest mortality in buffalo calves occurs between
the age of 10 days and 4 months. The subject of calf feeding by the
aid of separated milk and substitutes is one on which a good deal
has been written. The schedule below gives the standard lines on
which female buffalo calves and males of possible breeding value are
raised at the College dairy. It has worked with complete success
for the last two or three years. The variation in the character of
the substitutes will be discussed Iater.

SCHEDULE roRr Parn-rep CALVES.

(All buffalo female calves and males of 2 best milkers.)

L. Period : length 45 days, 0-14m.—(a) First 10 days, mother’s
colostrum 4-5 times a day. -

(b) Remainder af time whole milk up to about 5 lb. fed in ¢
meals.

IL.  Period : 45 duys, 13-3m.—Whole milk to give way to skim
and linseed gruel substitute.

Beginning with 5 1b. whole milk in 3 feeds, skim milk and gruel
replace midday meal and later the other two by a process of gradual
dilution, till in about 20 days the diet is 5 Ib. skim milk. The
linseed starts with a few spoonfuls and is eventually raised to abont
1 Ib. 3 feeds per day. A small quantity of bran and chuny is given
during this period.

III. Period : 45 days, 3-4im.——Continue skim feeding 5-6 Ib.
with (1) 2 Ib. linseed as gruel followed by 1 to 1} lb. bran and
chuni, or (2) replace linseed and bran-chunt by 11b. juar mealand I 1b.
bran fed after milk. In this period the midday meal should be
skim milk with a little linseed gruel or skim milk with a handful of
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juar-bran, the bulk of concentrate being fed morning and evening,
3 feeds per day.

IV. Period: 45 days, 43-6m.—Replace the linseed gruel or a
portion of juar by cake. Reduce skim milk and cutting out midday
meal 6ill in about 10-15 days the milk ceases and the diet is

(1) 4}5 ib. bran % Ib. cake ]2 b chumi
or (2) 4 1b. bran 1 1b. cake Yib. juar meal.
2 feeds per day.
V. Period: 45 days, 6-73m.—Increase concentrates.
(1) % lb. bran 2 1b. cake ¢ Ib. chuni
ot (2) & Ib. bran 1 1b. cake 1 ib. juar meal.
2 feeds per day.

V(. Period : 135 days, 74-12m.—Reduce concentrates till by 10
months or so, 1 1b. is being fed of either of above mixtures,
2 feeds passing to one.

Fine fodder should be given in the second period and by its
ilose the calf should he consuming a fairly appreciable amount.
It should be allowed access to what it reyuires. The fodder given
should be of good quality. [t should also be s suceilent as possible,
If, however, it is unused to succulent material its introduetion
should be gradual, though eventually it can form a large part of the
fodder diet. At the College farm succulent food is met between
mid-July and mid-September by grass, mid-September to wmid-
December by sorghums, from mid-December to mid-April by
berseem and the balance of the year by silage. Very young calves,
if born in the silage period, depend on & small quantity of guines
grass in the early stages of fodder feeding. The milk or separated
milk fed should approximate in temperature to about 100°F.
Morning and evening feeds immediately after separation do not
require special attention, as, at the dairy, separation of buffalo
milk for butter or ghi purposes follows immediately on milking
and the fall in temperature is inappreciable. The midday feed
requires warming to about 100-101°F.  The linseed is weighed out
according to the needs of the stock and made into a gruel, using 1
part of linseed to 6 of water. A quantity of this gruel proportional
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to the weight of linseed due to a calf, is then mixed with the skim
milk. An important point is that the vessels in which the milk
is fed must be kept thoroughly clean and should be scalded as
thoroughly as if for human use. Calf illness is not infrequently
traceable to lack of care in this respect. The grain feed is weighed
out on the same lines, moistened some time in advance and fed
by measure after the milk. At feeding time the calves are tied
separately ; each then receives its portion in an iron bowl. Tying
at feeding permits the slower eater to complete without being
worried or robbed, prevents calves sucking each other and ensures
that each gets its proper share. Attention should be given to
the dung, generally passed after feeding, as this affords a fauly
ready index of health and the suitability of the diet. It is a
mistake to imagine because skim milk is being fed in place of whole
milk that a larger bulk of milk is necessary for support. The
amounts of milk fed in the schedule are sufficient, and attempts
to markedly increase these have generally resulted in diarrheea.

With regard to the nature of the substitute the writers are
of the opinion that up to about the middle of the second period
lingeed gruel forms one of the best substitutes. After that date
considerable variation is possible.

The following experimenta! feeding illustrates this and is the
cause of the duplicate feeds in the schedule. Frequently it may be
found to be more economical to use a grain diet. The calves of hotb
groups were alike in age and averaged about 3 months, and up to
the date of starting the experiment, both had been raised on separated
milk and linseed as outlined.

The diets for groups A and B were as follows :—

Group A Group B.
5 Ib skim milk 5 1b. skim mitk
st peviod | 2/3 1b, linseed gruel 11b juar meal .
45 days. §  ib. bran }fed aftet milk } 1b. bran }fed after mitk
3 lb.chuni
4 Tb, chuni 4 b, juar meal
2nd period { 1b. bran 3 Ib. bran
45 dayse 3 b, gitli cake 4 1b. tilli cake
. . 23 b, chuni 4 1b. juar meal
gaddg;ﬁ"’d {3,3 1b. bran 41b. bran
2{3 1b. cake. i 1b, cake.
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Thus in group A in the first period there was higher propor-
tion of oil and proteid, in group B a higher proportion of carbo-
hydrate. In the subsequent periods A differed from B in having a
higher proportion of proteid. All the animals maintained a good
condition and the development of the parts of the body was alike,
In the first period, animals in B group in the beginning showed some
slight tendency to scour and they were at the end perhaps a little
softer on handling.

The following are the progressive average gains per head of
each group:

End of 30 days End of 60 days End of 80 days End of 120 days
Group A 181b. 38 1b. 68 1h. 926 1h.
Group B 3t1h. 596 1b. 9t b, 119 1b.

Group B thus made an average gain per head of 264 1b. in 4
months.

The amount fed A per head B per heait
Skim milk - .. 1851b. 195 1b.
Linseed ... - 251b. -
Juar-meal . - 93 th.
Chuni 95 1b. -

fran . 48 1b. 60 1h.
Cake - . 491b, 49 1b,
Cost Rs. 13-10 1210
Price per 1b. of increase live weight. .. 2:35 anpas 1-70 annas,

Feed B thus gave a greater increase and cost 0:65 anna less
per Ib. As there are considerable divergences in the characters
of the two diets a fairly wide margin of food stuffs is apparently
possible. The general results bear out similar experiments on
cow calves in America.

Housing AND EXERCISE.

Young calves do not require very elaborate housing, at any
rate in the Central Provinces. The general calf shed is a galvanized
iron building covered with a thatch, protected towards the south-
west and north and open towards the east. In the writers’ opinion
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both the iron and the thatch are important. Iron prevents the
existence of harbours for ticks and other parasites and an externa]
thatch makes such a building habitable in the hot weather.
The floor of the shed is dry earth and raised about 6’-7"
above the general ground level. It is divided into three com-
partments and each compartment has a fenced run to the
east of the shed, about four times the width of the shed in
length, Possibly four sections might be advisable, but are not
essential.

In the coldest and wettest parts of the year, the youngest calves
are generally housed at night in a large loose box, as, if unprotected,
they are subject to hroncho pneumonia. In the general shed
the chief points to pay attention to are (1) protection against
rain and excessive heat, (2) freedom of movement at will,
(3) a grading of the calves to each section according to age
and size, and (4) cleanliness. In addition to the movement
possible in the small paddock, calves should be allowed to go
out daily in a neighbouring field in the general farmyard.
Ample, though not excessive, exercise is an important
item in  keeping them fit.

WATERING, SALT AND LIME.

During the first month or so the calf shows no demand for water
—the water in the milk being sufficient ; after this—in particular
when they have begun to take up fodder—the need increases. There
should be ready access to a clean water supply, preferably in a water
trough in the ealf pens. If this is not fitted in the ealf pens, they
should be taken to the water supply at least twice a day in the cold
weather and four times a day in the hot. The fact that a calf needs
water in addition to what it gets as milk is too often overlooked
in rearing calves by hand and causes the calf to gorge the milk with
bad effects.

Salt is an essential. Tt should be supplied in small quantity
with the concentrated food. At the same time it is not a bad plan
to havea block of rock salt hungin each pen or shed. It
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strengthens the appetite and stimulates digestion, a factor of sonie
importance in keeping condition. In the pen in which the calves under
three months are kept it is advisable, in addition to rock salt, to
hang up one or two blocks of chalk. The young calves will lick
these readily. The effect is two-fold—prevention of scour and a
prevenﬁon of the habit of licking the floors and ground, which is not
infrequently the cause of stomach trouble and intestinal worms.
The necessity for lime appears to decrease as soon as the diet begins
to include an appreciable amount of dry food.

Oruer Points or CARE.

Buffalo calves, generally, are exposed to aftacks of hoose,
broncho pneumonia, scour, white scour, tympany, intestinal
worms, mange and lice. Tf care is taken on the lines indicated in
this article, the possibility of these is very largely reduced. Tn
addition, however, two points might be mentioned which have been
found of considerable value in checking mortality. The first is an
inspection of the dung and prompt action if anything abnormal
is noticed. The second is the administration of preventive doses,
at intervals, of raw linseed oil and twrpentine,

The following is the schedule of this measure as adopted
at the dairy.

Quantity of  Quantity of
Age

linseed oil tarpentine
1st month .. w b ez 10z .
b o
2nd, 3rd and 4th months. 1} —20z, HE S }T‘:v:“ a;_t::::;:::ed once
Sthand 6th months ... 2 —2loz 1oz y N
Ay .
Tth-12th ' e 3oz 1 oz Administered once a month.

The usual methods of dealing with ringworm, mange and lice
need no repetition,

Calves over one year—development of the buffalo  heifer.
Practically speaking from ahout 10 months old and onwards
Galves require but little special attention as long as they receive



236 AGRICOLTURAL JOURNAL OF INDIA (X1,

amp'le digestible fodder, free access to water and exereise. Though
inferior or inadequate nourishment should be carefully avoided, the
effect of a temporary falling off of this at this time is not so
disastrous as in the early stages. Concentrated foods are not essentia!
except under mferior-quality-of-fodder conditions. A certain
amount of grain during this period will result in a bigger growth
and earlier maturity. A regular grain ration at this period is
however too expensive to be economical. Grazing is the cheapest
and, if ample, is the best way of raising the calves. At the College
dairy, on accgant of the absence of grazing of any real value, the
young stock are raised on fodder. The only advantage of feeding
on fodder lies in the fact that the quantity and quality are more
regular throughout the year. Most Indian grazing is defective
in these respects. If young stock are to be raised on such grass
areas it is necessary to reserve some of the area for hay. Cut and
store this in October and feed a Jiberal hay ration between February
and the end of July. During this period about a couple of pounds
of concentrated is desirable, in order to keep the animals in a thrifty
growing condition. The amount of this concentrated will naturally
depend on the quality of the roughage. In addition to the hay
of the poor local grasses round Nagpur, 2 Ib. of cotton seed or 3 Ih.
of undecorticated cotton eake are found to just maintain heifersina
growing condition al this period. At the College farm, by reason of
the inclusion of berseem np to the beginuing of April and the better
quality of the fodder, concentrates are fed only for about three
months, only a pound usually being given. Succulence in the fodder
fed has a marked effect in the rate of development. In one case in
which the same concentrated diets were used (1) with the drv
poor hay available in the hot weather and (2) later with grass in
the months of August and September, the average increase in live
weight per head over the same time was practically double in the
second period. The use of silage as part of the roughage fed in the
hot weather can be recommended. A buffalo heifer which has
received treatment along these lines will probably be found to weigh
about 900—1,000 Ib. when 31 vears old before giving birth to her
first ealf.
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Cost of System per head.

165 Ib. of whole milk at 121b. per rupee ...
350 b, of separnted milk at 30 1b. per rupee
60 1b. of linseed at 13 lb. per rupee

187 Ib. of tilli cake at 40 Ib. per rupee

157 1h. of bran and chuni at 22 1b. per rupee
2,430 b, of fodder at 200 1b. per rupes .
Labour per calf (estimating 20)

.Shed rental

Ist year

Cost for 1st year

120 l.b. concentrated foods at 40 1b. per rnpee
nd year {4.410 1b. of fodder at 200 Ib, per rupee
Labour and rental .

Cost for 2nd year

180 ib. concentrated foods at 40 1b. per rupee
3rd year 15,757 Ib. of fodder at 200 Th. per rupee
1Lahonr and rental ..

Cost for 3rd year

Total cost per head

237

Tf the stock in the second and third years are raised on grazing
areas where hay would be cheap the cost per head wonld not exceedl
Rs. 95. Tt might even be possible to reduce the cost slightly further

by a reduction of the period on whole milk.

A ttheir fivst calving, any of the young Delhi and Sarti
buffaloes on the College farm raised on the above lines are worth
Rs. 125-130 and more, if we take into consideration the cost of

carriage from the place of purchase.

16



AMERICAN COTTON AND AMERICAN COTTON
SALES IN THE PUNJAB.

BY
W. ROBERTS, B. Sc,
Professor of Agrienlture, Agrieultural College, Lyallpur,

Corron sales have become a feature in the successful
introduction of American cotton by the Punjab Agricultural
Department. It may therefore be of interest to give some account
of them. Ina previous article® in this journal the writer gave
a brief account of the history of the introduction of American
cotton in the Punjab Colonies. It was then pointed out
that the first sale was started in 1905-6, only three years after
the first trial of American cotton. TFrom 1908 to 1913 two
sales were held annually, viz., one at Sargodha in the Jhelum
(Colony and one at Lyallpur on the Lower Chenab. In these
early sales the object was merely to help zemindars to get a good
price for their superior produce. A small quantity of new
seed was imported by the Department yearly from Dharwar i
the south of Bombay. Comparatively small quantities of cotton
(kapas) were brought to these sales, a few hundred maunds as a
rule. Premiums up to Re. 1-8 and more a maund were obtained
but the effect was to fix the price of American cotton for the whole
tract. In 1911 and 1912 factory owners began to pay some
premiums independently of the sales. In 1913 the Department
was In a position to give out a special variety selected by the
Eoonomic Botanist and handed over for further trials to the writer.
From 1913 onwards these sales acquired a new importance as it

L The Agris Jowrnal of India, vol. X, part TV, pp. 343—18.
( 288 )
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hecame necessary for the Department to get back the seed for further
distribution. The area sown under this special variety No, 4 F
in 1913 was only 100 acres, in 1914 it was 3,000 acres and in 1915
in spite of the effect of the war on cotton sowings the aren under
4 F rose to 9,000 acres. Inthe present season it is estimated that
over 30,000 acres will be sown with this variety. In the article
previously referred to the writer ventured to prophesy that in spite
of the disastrous effect of the war on cotton prices the area under
American in the Punjab wonld not decrease. This was amply
fulfilled and something like 65,000 acres was sown with American
of all kinds last year. The season, though distinctly had, was more
favourable for American than desi. The prices obtained at the
sales this year were 50 good that at a moderate estimate there should
be about 120,000 acres sown with American of all kinds in 1916.
The above was written during the Meeting of the Board of
Agricnlture at Pusa (February 1916) and now two months later when
cotton sowings have started the whole of the seed with the Department
amounting to 2,000 maunds in Lyallpur and Montgomery and about
600 maunds at Sargodha has been already disposed of. Mueh more
could have been sold. Numbers of zemindars, who waited till sowing
time before buying seed, have had to be refused daily since Apnl 1st.
No better evidence than this is necessary of the willingness of the
cultivator to adopt a new thing if it pays him. It is estimated
that over 500 maunds seed was retained by last year's growers
and hence well over 3,000 maunds of seed has been distributed.
The seed rate here is 4 seers per acre and therefore 3,000 maunds
means 30,000 acres. The Department now control directly therefore
at least {th of the avea. Thistyear’s sales were held at five centres
in the Lyallpur cirele (as compared to two last year) and two in
the Jhelum Colony in the circle of the Deputy Director of Gurdaspur
(as compared to one last year). Altogether about 8,000 maunds of
kapas  (seed cotton) was sold at these sales. Of this about 4,500
maunds was first class and was ginned under the Department’s
Supervision for the purpose of getting the seed for distribution.
This year some changes were introduced in the conditions of the
sales which may have far reaching results, The most important
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of these relates to classification of all the cotton by the Departricny
and the leaving of all arbitration in its hands. These conditiog
were operated with great smoothness throughout and to the satis.
faction of sellers and buyers alike.

Another feature of this year’s sales was the fact that Messes
Tata and Sons sent up a representative at the writer’s request ang
it was he who bought the greater part of the cotton either directly
or indirectly at the sales. '

Very good prices were realized ; in one sale the price paid was
Rs. 3-13 more than for dest cotton on the same day. The average
price per maund of kapas in Lyallpur was Rs. 10-12, the price of
desi being Rs. 7-8. The premium was therefore over Rs. 3. No
doubt the war partly accounts for the high price, as imports from
America are restricted owing to high freights. Last year, however,
when freight was not such a burning question the premium was
Rs. 2-13 2 maund. In the past season American cotton yielded
well per acre as compared to desi, though both suffered in yield
owing to the excessive drought. The flowers all appear together
in the common desi cotton grown here and the strain on the plant
is enormous at that period. In American, on the other hand, the
flowering is much more gradual, and hence the strain at any part:
cular time is less. It was a common sight to see fields of desi cotton
in July and August strewn with fallén flowers. Zemindars here
boldly say American cotton yielded twice as much as desi. The
extra profit, for 65,000 acres even assuming the American yielded
only 1 maund more per acre is over 6% lakhs without taking into
account any premium. The total extra profit to the grower lst
year may therefore be estimated as 12 lakhs assuming only one-ejghth
premium per maund.

In the present year with 120,000 acres and assuming a prenmuun
of Rs. 2 a maund and an equal yield with desi, i.e., an average ol
6 maunds per acre the extra profit will be 6 x 2 x 120,000 equal to
144 lakhs. No one who knows the facts can doubt the moderation
of the above estimate. _

It is very satisfactory tonote that this cotton is doing very well
in the mew Canal Colony—The ILower Bari Doab. In one
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estate where 250 acres were undey this cotton a total yield of close
on 2,500 maunds was obtained or nearly 10 maunds per acre. It is
estimated that the ares under American in this colony this year
will be at least 15,000 acres, of which over 10,000 will be pure
AR

In Lyallpur one grower this year has 2,000 acres under 4 F
cotton. It may be pointed out here that not only is the seed heing
taken by the people from the Department but a very large and
increasing number of growers are beginning to pay serious attention
toimproved cultivation, especially sowing in lines, and interculturc—
a practice so far quite unknown in the Punjab.

It may be of interest to speculate as to the possible final ares
of American that can be grown. The average ares under cottor
in the following districts where American has been successfully
introduced is as follows :- -

i —

| _—
3 Total area Estimated
District ?]_gga‘,l‘é‘;fa under cotton, area under
19&-15 ' average of American
' 5 years cotton in 1816
Acres Acres Acres
Lower Jhelum Canal Shahpur 892,684 108,439 £0,000
| {Lyallpur 1,600,000 158,358 40,600
Lower Chenab Canal Gnjranwala . 921 411 74,000 7,000
Jhang 641,504 49,207 35,000
Lower Bari Doab Canal ... | Montgomery .. 670,428 21,000 15,000
(acres in 1915)
[ Other districts.. | ... | .. 3,000
e
| Total k 4,725,117 410,004 120,000

As the area under cotton in the colonies is generally 10 per
eent. of cultivated area, we may cxpect a big increase in Montgo-
mery. 'The total area under cotton in the colonies will be roughly
440,000 acres, of which we may expect ultimately 300,000 acres
to be under American. A certain proportion of desi cotton will
undoubtedly continue to be grown especially in very light soils
and near the tails of the canals where water conditions are precarious
and late sowings are common. In such tracts probably the
Red Sanguineum desi variety or perhaps a Neglectum type will be
safer to grow.
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The amount of American cotton in other districts outside tle
above is probably not as much as 5,000 acres, though it is being tric|
widely nowadays practically all over the province.

The marketing of American cotton still leaves much to Le
desired. The trade is mostly in the hands of Indian ginning factory .

" owners at present, the European firms having done a comparatively
small business up to date. Bombey is the chief buyer. What is
curious about the business-is the almost universal mixing that
goes on in the ginning factories. The usual grade sent to Bombay
contains from 10 to 30 per cent. of desi cotton. Some of the factory
owners are very frank over this mixing, and the writer has often
seen. American cotton with 20 to 30 per cent. of desi being added to it
before ginning, especially in the Jhang District. One resson for
this is that desi cotton hes a better colour than American and no
doubt the mixture looks whiter than pure American. One would
expect spinners would find the defect. Individual spinners i
Bombay stoutly deny thet they want such mixtures, yet that is
what they mostly get and pay for.

It might be pointed out that the ginning outturn of all cottons
was low lest year, and thus there was more than the usual percentage
of short fibre. This fact no doubt facilitated mixing with desi.

The dangers for the seed from this and other causes will
probably make it necessary to brand 4 F bales in future. The point
18 recelving careful sttention. 1t is satisfactory to note that this
year as well as last year a good deal of cotton wes sent pure hoth
to Bombay and Nagpur.

The widespread growing of American cotton is brought home
to any one walking in any part of the above tract comprising the
Lower Jhelum, Lower Chenab, and Lower Baii Doab Canals.
There 1s scarcely & village without a field or two of American, and
n some places prectically no desi cotton can be seen for miles.
As an instance of the indirect effect of the cotton sales the case of
certain large growers near Lyallpur may be mentioned. Up to the
day of our first sale the best price offered to these zemindars was
Rs. 10 per meund, whereas the day after the sale they were offered
Rs. 11, and some actually sold privately at Rs. 11-4 & maund of kapess



IMPROVED SUGARCANE IN THE UNITED
PROVINCES.

BY
G. CLARKE, FI1.C,
Agric!tural Chemist, United Provinces of Ayra and Oundh,

THE Sugarcane Research Station at Shahjahanpur was opened
in 1013, and the work of selecting improved varieties ol sugarcane
was seriously taken in hand in the United Provinees. Results
were obtained in a very short time.

‘ The Research Station is fortunate in being situated near u Jarge
central factory at Rosa and bince results have been available,
the staff of the factory have given invaluable assistance in the
distribution of improved canes and i testing the results on a
factory scale.

The improved cane illustrated (Plate VII) was grown in shallow
trenches, 18 inches wide and 6 inches deep with a space of 18 inches
between each trench, that is, the cane rows were 3 feet apart. Lt was
manured with castor-cake meal at the rate of 30-40 maunds per
acre and irrigated by means of 4 punping installation front the
neighbouring river.

* Before the rains it was earthed up, and it is due to this that
the crop remained standing during the abnormally heavy rains
and winds of the monsoon of 1915,

The importance of the latter operation cannot he over-
estimated. Heavy crops of improved canes grown on the light soils
of Rohilkhand that are not earthed up almost invariably fall down
during the heavy rains and high winds that prevail during the
monsoon in the sub-montane tracts. The quantity and partioularly
the quality of the rab and gur are badly affected. In fact it is

( 243 )
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impossiblé to obtain the light coloured danedar rab and qur so much
prized in the bazaar, from fallen cane. .

It is impossible to give an acourate figure of the cost of growing
cane, as this depends on many factors that are affected by local
conditions, such as cost of labour, price of oil-cake meal and cost of
irrigation, etc. The trenching described above costs in the
Shahjahanpur District, where labour is not particularly cheap,
Rs. 15 per acre and, considering the fact that a crop of improved
canes such as that ilustrated will yield guwr and rab worth Rs. 350 to
Rs. 450 per acre, this additional outlay cannot be called excessive.

The yield of cane in the field illustrated was just over 600 maunds
per acre trimmed cane, containing 11'78 sucrose per 100 cae.
This was in 2 year when the outturn of sugar was very low, the
desi, varieties yielding 8-9 sucrose per 100 cane in this district.

The milling properties of the improved cane were tested on 4
factory scale in a nine roller mill capable of crushing over 500 maunds
per hour. Sixty tons of cane were crushed in each test. At the
author’s request the milling was arranged for without the addition
of maceration water in order that the results might be compared
with those obtained at the Research Station on a smaller scale.
The following results were obtalned without maceration at the
factory :— '

Juice expressed per 100 cane . e T060
Sucrose per 100 juice . " . 14785
Purity of juice - .o 8200
Glucose per 100 juice ... .. R 14
Sacrose per 100 hagasse .. 560
Sucrose per 100 cane .. O ¥ A
Milt extraction e 86490

These figures are of interest as being the first published of the
results that can be obtained on a factory scale with improved
canes in these provineas. As already stated, maceration was not
employed and the mill extraction (86) would be increased to an
appreciable extent by the use of the usual 10-15 per cent. added
maceration water. These figires confirm numerous tests that have
been made with this cane on a smaller scale at the Research Station
with small bullock mills and small power mills.



PLATE v
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A medi“lm thick cane (J. 33) selected at the Sugarcane Research Station, Shahjahanpur, for distribution
in the Rohilkhand Division of the United Provinces. The photograph was taken in a ficld
grown at the Rosa Factory under the supervision of Mr. H. D. Lang.









PLATE v,

The photograph was taken in a neighbouring
ficld grown at the same factory.

Chunni, a local cane of the Shahjahanpur District.
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Another improved variety of cane, Ashy Mauritius, was grown
on a large scale at the factory in 1915. Tt is » thick variety of the
pounda type and can only be grown under conditions of intensive
cultivation. It has been under experiment in these provinces for
10. years and has given consistently high returns both as regards
yield of sugar per acre and quality of rab and gur. It requires
more care in cultivation than J. 33 but it is an excellent cane, well
worth a trial where proper care and attention can be given to it.
It is one of the very few canes of this type that fully mature during
the short growing period of Upper India.

At the Research Station it has given, through a series of years,
100-120 maunds of rab per acre.

The milling results obtained in a nine roller mill at Rosa in
1915 ‘without the use of maceration water were as follows :—

Juice expressed per 100 cane (1Rt 1]
Sacrose per 100 juice . . Lo ted
Purity of juice . . . . B8
Glucose per 100 juice ... . o 57
Sucrose per 100 bagasse Lo T0
Sucrose per 100 cane ... . Lo 13T
Mill extraction . . 8130

The author is indehted to Mr. E. Simmons for kindly placing
at his disposal for publication the two photographs illustrating this
article. They were taken at Messts. Carew & Co.’s Factory, Rosa,
in the Shahjahanpur district in the United Provinces.



"PHOTOGRAPHIC ILLUSTRATION.

BY
C M, HUTCHINSON, B.A,,

Imperial dgricultural Bacteriologist.

A LarGE majority of the photographs taken to 1lustrate sclenting
writings are reproduced as half-tones, and in order to be successful
as llustrations must bear certain characters which are necessary
for success with this process although they may not be essential for
ordinary pictorial representation as photographic prints. Half-
tone reproduction of necessity reduces contrast and in many cases
eliminates fine detail, so that it is necessary to aim at a negative
in which contrast will be exaggerated, and to produce one on such a
scale as will allow the smallest detail required to be shown in the
final illustration, to appear sufficiently marked to avoid elimination.
This is especially the case with such subjects as include written
characters or figures, which in many instances become entirely
illegible in reproduction through rediction inscale. It may be well
here to-point out the advisability of including, in many subjeots,
a scale of inches or feet, or some object of standard size such as a
watch, or for outdoor subjects o figure, without which many photo-
graphs both in text-books and scientific memoirs lose illustrative
value. For half-tone reproduction what is called a“ hard ” negative
is preferable to one showing fine gradations of tone merging into one
anéther ; hardness in this sense means a sharper definition of the
edges of the high lights and a greater obvious contrast between the,
high lights and shadows. Such hardness is entirely wrong in
pictorial photography, where the object aimed at is the rendition
of atmosphere by means of a fine scale of gradation between the

( 246 )
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various tones of the picture, this result being attained largely by
adapting the style of the negative to the process of printing or
vice versa; when P. O. P., Bromide, Carbon or Collotype are admis-
sible an entirely different class of negative van be aimed at, but for
half-tone reproduction of such subjects s generally come into
scientific papers, a soft, evenly gradated negetive is not desirable,
but rather a hard, vigorous ove. It must also be remembered that
owing to the “ grained ” character of the half-tone block, no great
range of tone is admissible in pictures to be reproduced by this
process, so that in taking out-of-door subjects due allowance must
be made for the loss of vigour resulting from the compressed scale
of tones. It is unfortunate that in India other more truthful
processes such as photogravire and collotype become so expensive,
on account of the climate, that they cannot be made use of in our
publications so long 2s considerations of convenience necessitate
the use of illustrations produced in this country. It is also to be
remembered that the limitetions of the half-tone pracess in many
. cases render 1t advisable to make use of line block reproduction
in preference thereto. The class of negative suitable for half-tone
reproduction can be got in various ways, the chief points to attend to
being (1) lighting, (2) exposure and development, (3) class of plate
and use of light filters.

Lighting. This is not always under control, but it is generally
possible to select o time of day when the subject will be lighted
from the side rather than from directly overhead ; i.., the morning
or evening rather than midday which in most cases in outdoor
subjects will give better contrast. ‘In nearly every case o study
of this point will reveal the best time of day for obtaining » vigorous
negative, and one which will show those characteristic features of
the subject which it is desired to bring into prominence (Plate
IX, fig. (b), Wheat Plots). ‘

In many cases, such as that illustrated in Plate X (Insect Galls
on Leaf) side lighting in place of diffuse or direst illumination is
essential for successful representation of the object.

Ezposure. This is of paramount importance, as is of course
geverally recognized, and it is only referred to here on agcount of the
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appatently very general failure to avoid serious errors in this respect ;
the commonest fault, in the writer’s experience, tends to be over-
exposure combined with the natural corollary of under-development ;
this is not so bad a fault as under-exposure and over-development
{although the results are very similar) since the photographer is
generally unable to stop development before so much of the picture
has appeared as will allow of considerable improvement by inten-
sification at the hands of the reproducer. The writer has noticed
that a considerable number of amateur photographers in India
have so little confidence in their power of correctly estimating
exposure thet they habituelly commence development with only
half the (uantity of accelerator recommended by the makers of the
plate in their carefully calculated developer, and as most of the
plates are over-exposed, development is finished with this half
strength solution. The resulting negativés are In mMany cases
regarded as good ones by their authors, but they are not of such good
quality as would have been attained either by a shorter exposure
and development with full strength developer, or with the same over-
exposure and development with full strength developer restrained
hy pot. bromide. Tt is therefore generally better to give a full
exposure, in case of doubt as to how much should be given, and use
full strength -developer with bromide rather than the method
referred to above. The resulting negative is generally hard and the
contrasts are sometimes somewhat too violent for the best pictorial
effect in ordinary printing, but for half-tone reproduction this is &
fault on the right side, provided the hardness is due to slow develop-
ment and not to under-exposure, It may not be out of place here
to draw attention to a point which is liable to escape the notice.of
those who may have had a considerable amount of successful
experience with such open subjects as more generally attract the
amateur photographer; when photographing a single object such as
2 plant in a pot, due allowance is sometimes not made for the very
great increase in exposure required by the heaviness of the shadows
in such a near object as compared with that of such shadows when
& similar plant forms-onuly a small part of the picture in an outdoor
subject. For the same reason it is all the more necessary to make
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uch allowance when photographing an object (such as a single leaf)
so as to reproduce it very nearly life size.

- (lass of plute. This implies various alternatives, such as slow
or rapid, ordinary or orthochromatic, backed or unbacked plates.
TFilms need not be considered, »s they are not ouly expensive but are
extremely unreliable in this climate. Generally speaking, slow
plates are to be preferred to rapid ones, not only on account of their
comparative ease of development and the brilliant negatives which
can readily be got from then, but because of the very great latitude
of exposure which they permit.  This'is an inherent quality resulting
from their method of manufacture, but is also partly due to the fact
that, owing to the comparatively good light in which they can be deve-
loped, control of this operation is simplified. Provided a slow plate
is not under-exposed a good negative can he obtained from it, under
almost any other conditions of exposure, even up to ten or more
times that necessary to produce the best result, and as most agricul-
* tural subjects admit of time exposures of considerable duration,
the use of slow plates may be recommended in preference to fast
ones whenever possible. Even in photographing out-of-door sub-
jects which may be affected by wind movenient, it may be pointed out
that, by stopping down and giving a sufficiently long exposure, @
moving branch or crop will, except when the wind movement 13
considerable, appear sharp in the resulting negative. Furthermore
it is very generally true that slow plates are not so liable to deterio-
Tate in the Indian climate as are faster and especially orthochromatic
ones, not do they exhibit so much tendency to suffer from chemical
fog due to high temperature of the developer as is shown by the latter
class of plate. It is perhaps unnecessary to speak of the greater
liability to light fogging which accompanies the use of extra rapid
plates, although it may be mentioned as perhaps not being generally
known that this may take place through some pats of the materials
of the camers and dark slides in bright sunlight, especially the
hinged part of the shutter of the dark slide and the leaves of between-
lens shutters, which allow a considerable amount of red light to pass
through them when made of vulcanite, as they frequently are.
It is also worthy of note that slow plates give negatives of mach
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finer grain than do rapid ones, and this is an important distinction
when lantern slides or enlargements are to be made from them.
A good many subjects, however, require the use of fast plates in
order to enable shutter exposures to be made, and in this connection it
might be well to point out the advantages of the small hand camera as
being suitable for many subjects which do not demand representation
of fine detail but are merely intended to help a written description
by pictorial illustration. Many such subjects (see Frontispiece)
will be found photographically reproduced in the publications of
this and other Agricultural Departments, and it may be said
that a large percentage of them could have been taken with equal
photographic success either on such a small plate as is used in various
makes of hand camera or on larger ones such as half plate, but it should
be noted that in most cases it would have been very much easier to
obtain good results by using the smaller plate, partly on account of
the great depth of focus of the short focus lens fitted to small cameras,
and partly by reason of the greater number of alternative exposures
which it is generally possible to allow when carrying such small
apperatus.  With regard to the focal length of lenses, it may be
pointed out that, although those of short focus possess the advantage
of depth of focus, with the accompanying power of giving short
exposures at full aperture, this is in many cases more than
counter-balanced by the necessary accompaniment of exaggeration of
perspective which makes their nse inadmissible for such subjects as
field crops and experimental plots. On the other hand, for photo-
graphing live-stock, especially single specimens, and in cases in which
an object in the foreground is to be the subject of interest, a small
camera and short focus lens has many advantages, especially when
lantern slides are to be made, which can then be done direct without
reduction. When views of more extended subjects are required a
more just appreciation of the relative sizes of objects in a picture is
of cowrse obtained by the use of a long focus lens, and it may be said
that for a large class of subjects the use of a telephoto lens will give
results very much superior in every respect to those obtainable with
the ordinary lens whose focus bears the usual ratio to the diagonal
of the plate. Moreover the modern telephoto lens is no longer the
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cambersome and complicated addition to the camera of a few
years ago, but is self-contained, not unduly heavy, and is simple to
use ; it must not be supposed that its only value is for taking objects
necessarily distant ; its use for the photography of field crops
allows of the representation on the same plate of adjacent plots
under differential treatment or bearing varicties of crops, without
(destroying comparisoi or contrast hy the introduction of the -
exaggemted perspective almost inseparable from the use of the
ordinary Jens. A further advantage of the telephoto lens lies in its
use for photographing single objects, such as plants, insuch a way
as to separate them [rom their surroundings, especially the buck-
ground. This is the natural result of taking a large scale photograph
of such an object with a telephoto lens, which, owing to its design,
fails to define any objects except those lying in the single plane
for which it is focussed, when used at 2 large aperture and brought
near the object. In the many cases, where the use of an artificial
‘background screen is impossible or difficult, this property is of
great value, especially when half-tone is to be used, as any shght
differentiation of the background from the subject which may exist
in a photograph, is frequently lost in this method of reproduction.
It must be remembered that in reproducing a photograph for illus-
tration it frequently happens that reduction in size of the original is
effected in order to save space. In choosing the size of camera and
plate this fact should be kept in mind, as whole plate photographs are
very generally reduced to half plate size with accompanying loss of
detail, so that it may be suggested that the use of & half-plate camera
will generally be found advisable in preference to the larger size.
Whilst dealing with lenses it may be well to point out a fact
in connection with the use of modern anastigmats which may not
be generally known. It is very natural for the photographer to
assume that having paid a long price for 2 good lens, such as an
anastigmat, he will find it easier to produce good results than with
the old-fashioned Rapid Rectilinear. In England this 1s generally
the case, but in India, where most of our photographs are taken -
in bright sunlight, we not only lose the principal advantage of the
anastigmat, which is designed to enable pictures to be taken n
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comparatively poor light by the use of large apertures, but als
encounter the disadvantage of “flare;” this is, roughly, the
intrusion of sky light by internal reflection in the lens, inte parts of
the picture where it should not appear, the result in bad cases beiny
patches of light known as flare spots, and in less pronouiced onf;\
of general light fog, which gives the impression of over-exposure when
developing, and causes many photographers to stop development
too soon to allow of the production of contrast. This effect can
be avoided by sufficient cere in selecting the point of view with
reference to the position of the sun, but it may most easily be overcome
by the use of an auxiliary lens-hood, the ordinary one supplied
with most avastigmats bemg made, for appearance sake and
convenience, much too shallow for safe use m this country. This
accessory may be described as almost indispensable in outdoor work
in India in connection with most anastigmats, especially when
working at ov near full aperture.

The advantages of using backed plates are so well known
that it is unnecessary to do more than say that many photographers
admit their utility but do not use them, partly on account of
difficulty in obtaining them, but largely because of fancied trouble i
developing them ; the latter is really inconsiderable with a good make
of plate which can be put straight into the developer without
removing the backing. this being got rid of whilst rinsing the plate
before fixing. On the other hand, the very great superionity of
negatives of outdoor subjects including any strong high lights and still
more so of photomicrographs, when taken on backed plates, renders
their use almost imperative for such subjects, and not only for
interiors including windows, or trees and shrubs against the sky.

Orthochromatic Plates. 1t~ is unnecessary to say- anything
as to the theory underlying the use of orthochromatic plates, but
it may be of interest to give some examples of their value, and
indeed of their occasional indispensability in illustrating such subjects
as are photographically reproduced in agricultural publications.

~ Incidentally it may be remarked that many orthochromatic
plates now on the market.have a very limited - value owing to
their comparative insensitiveness to the yellow and red end of the
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spectrum, and, where orthochromatism is an advantage, as it is
such a large percentage of cases, it is nemly always worth while to
\nake use cf a panchromatic plate. Given correct exposure, u closk,
nd a thermometer, no more diffieulty need be experienced in the
Jevelopment of panchromatic plates than of any others of the
orthochromatic variety, and although, ashas been pointed out before,
the ordinary plate of slow speed is easier to use and may be generally
recommended for this reason; no scientific worker will De satisfied
to use such plates when convinced that the best photographic
representation of an object can only be obtained by means of an
orthochromatic plate. Using a panchromatic plate, o light filter
may be selected which will correct the superior actinic power of the
Blue end of the spectrum so as o give correct visual rendering of the
subject. Thus in Tlate XI fig. (b) the yellow of the butterfly
wing is brought out by the use of a decp yellow screen ; similaly
in Plate XII fig. (b) the black fungal spet on the yellow Jeal
requires similar colour ¢orrection.

n some cages over-correction may he necessary to ensure the
appearance of slight colour differences which would otherwise dis-
appear in half-tone reproduction. Plate XII fig. (b) shows such
over-correction due to the use of a red screen; had a yellow screen
been used the difference between the ripe and unripe crops although
~ obvious in the negative would not be so in the half-tone reproduction.

One of the most valuable properties of the orthochromatic plate
is its power of improving the representation of a field crop without
special reference, as in the above cases, to obvious colour differences.
This is shown in Plates XIV and XV. It may be of interest to
point out why this is so and the reason is made more clear by con-
sideration of the second example (Tobacco Plates XVI and XVIL)
Much of the light reaching the lens, in this case, has come through
the thickness of the leaves of the crop and, as transmitted light,
has undergone absorption, losing some of the blue end of the spectrum.
For this reason the ordinary plate can make but little use of it
so that many leaves and portions of leaves which appear well
luminated in the orthochromatic plate are in deep shadow in the

ordinary “plate, owing to the absence of any large quantity of
17



254 ABRIGULTURAL JOURNAL. OF INDIA [XT, m

reflected light. Tt may perhaps be relevant to point out that an
exposure of sufficient duration to give full value to these heavy
shadows, would have resulted in over-exposure of the high lights.
In this particular case the use of a panchromatic plate even without
any filter would have given a better picture than the ordinerv
plate, but the additional correction afforded by the yellow sereen
levels up the shadows and tones down the high lights. A further
difference between the rendering power of the panchromatic and the
ordinary plate is due to the fact that the light coming from shadowed
portions of such subjects as the above is frequently less rich in
blue rays and will consequently have less actinic value,

" It is useful to remember that orthochromatie rendering mav
be spoilt by over-correction which may vesult in isochromatism,
that is by giving all the colours of the subject an equal luminosity
value and thus producing an unnatural effect. This is illustrated
in Plate XVIIT where the best rendering is obtained on the
ordinary plate, the yellow screen used in fig. (b) being too deep
in tone and, by reason of its sharp eutting out of the blue end of
the spectrum, producing over-correction, and as described above,
reducing the shadows in this case to insignificance.

Where adequate representation of an object depends upon
accentuation of shadow detail and of contrast between light and
shade rather than upon orthochromatic rendering, the use of colour
sensitive plates should be avoided as tending to flatten the. object
by reducing contrast. An example is given in Plate X where
oblique illumination is also necessary to give solidity and relief
to the representation.

Plate XIX illustrates the value of light filters for producing
contrast in photomicrographic representation of objects including
fine detail in thin sections, such as the cell walls in the subject
reproduced, which without this aid are imperfectly represented.
The selection of the appropriate filters must be made with
reference to the stains used in the subject.

In conclusion it may be reiterated that for half-tone reproduction
a really vigorous photograph is necessary and in order to obt‘ain‘
this the first essential is correct exposure, Until a large amount ot
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expetience of photographing sub]e(ts similar to the one to be
reproduced has been obtained, no plotographer ean correctly
estimate, by guesswork, the proper exposure, and the writer -would
suggest ‘as absolutely necéssary for attaining such experience, the
use of a large number of alternative exposures with careful notes
of the results ; these notes shonld be kept for reference und use
in the future and will be found invaluable. An exposure calenlator
such as the “ Welloome ” supplied by Messrs. Burroughs Wellcome
& Co., with their photographic note book, is also most useful, where-
as exposure meters depending upon the use of light sensitive paper
are practically worthless in Tndia. Standardization of materials
and methods .by cutting down the number of wncertain factors is
also of valu;a ,;,tgys the invariable use of one make of each kind
of plate required, one kind of developer, and even, so far as is possible,
of one lens aperture, will be ofhelp in obtaining vesults of even value.
As a matter of personal experience the writer may strongly recom-
mend the method of development advocated by Messrs. Wratten
& Wainwright which does away with inspection of the plate during
development, and depends merely upon carrying this on for a length
of time determined by the temperature of the developer, the speed of
the plate, and the class of negative required, in accordauce with a
table supplied with each box of plates by this firm. 1t is claimed that
this method will give the best results irrespective of exposure, and
with this claim the writer’s experience ie in agreement ; in addition
it may he said that the error of under-development referred to pre-
viously will be avoided by this means. With regard to temperature
and the special and very serious troubles connected with photography
in India arising from this cause, it may be said briefly that when the
developer temperature is high the use of pot. bromide becomes
necessary and the use of such developers as metol and rodinal
whose tendency to produce soft negatives is accentuated under these
conditions, is of doubtful expediency. Alum should be freely used,
but if ice is available it must be remembered that although a low
temperature developer is an advantage, the tendency to frilling
is greatly increased by any serious differences in the temperatures
of the various solutions through which the plate passes.



THE MANURIAL VALUE OF POTSHERDS.

BY
ALBERT HOWARD, CLE, MA,

Imperial Eeonomic HBotanist, Pusn.

1. Intropucriow.

In previous papers,! dealing with certain aspects of soil
aeration and surface drainage in India, reference has been made
to the effect of adding to the soil porous substances such as
potsherds (thikra) and fragments of bricks (rora). The occurrence
of such materials, in sufficient quantity, in & fine alluvial soil has
been found at Pusa to exercise a profound influence on the
development of the plant and on the yield. Grown on such
soils, leguminous crops like gram (Cicer arietinum) and Java indigo
(Indigofera arrectn) produce a deep and copious root-system with
abundant nodules as well as heavy crops of well filled seed. Tobacco,
when raised on soil rich in potsherds, develops a great mass of fine
roots and a heavy yield of leaf. If green-manure is added to such
land during the monsoon, the succeeding rabi crops benefit markedly.

The explanation suggested to account for these results is a
simple one and is based on the fact that the roots of plants as well
as the soil organisms require not only a large oxygen supply but
also some means of getting rid of the large quantities of carbon dioxide
they produce in the soil. _Potsherds improve the aeration of alluvial
soils and thus afford the means of an increased supply of oxygen
and nitrogen in one direction and of the escape of carbon dioxide
in the other. When a crop like sanai (Crotalaria juncea) is ploughed
into the ground during the monsoon, a large amount of oxygen i»

V Soil ventilation, Bulletin 52, Agricullural Research Institute, Pusa, 1915, and
Soil aeration in Agriculture, Bulletin 61, Agricultural Research Institufe, Pusa, 1916.

( 256 )
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“

required to complete the decay of the green-manure and vast
quantities of carbon dioxide are produced. If this decay is not
completed by the time a rabt crop is sown, there is present in the
soil another competitor for oxygen and another producer of carhon
dioxide in addition to the soil organisms and the growing crop.
Hence want of oxygen and excess of carbon dioxide may become
limiting factors in growth and this would explain why it is that
green-manuring so often fails on alluvial soils unless they are swiface
drained and unless the soil is rich in potsherds. Simple as is this
explanation, its complete proof, by the ordinary methods of academic
research, is not without diiﬁculty.’ Several factors, interacting
on one another, are involved in such investigations—the plant, the
soll, the organisms in the soil, the amount of soil moisture present,
the composition of the soil atmosphere in the pore spaces and the
nature and amount of the gases and minerals dissolved in the
“water films surrounding the soil particles. Some of these factors
are also influenced by the temperature. To trace the various
changes in composition of the atmosphere in the pore spaces and
of the dissolved gases in the thin films of water which bathe the
root hairs of the plant are matters of the very greatest difficulty.
Analyses of the air aspirated from the soil only tell us the average
composition of the soil atmosphere. Such methods are obviously
far too crude for investigating the changes in the gaseous content of
the water films and the relations between this dissolved gas and
the general soil air.

While the complete elucidation of the parts played by
oxygen and carbon dioxide in the soil ave likely to prove hoth
time-consuming and laborious, the fact remains that a considerable
amount, of evidence exists in favour of the role of the potsherd s
an aerating agent and of the practical value of this method of soil
improvement. 1t is proposed to refer toa portion of this evidence
in the present-paper in so far as it relates to the manuring of crops.

9, THE WATERS OF JAls.

In February 1915, in the course of 2 journey through Oudh,
some excellent tobacco cultivation was noticed near Jais in the
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District of Rae Bareli. Jais is an old Mohammedan city, standing
high above the surrounding plain and the mounds on which the
town is built are composed of the remains of the ancient city of
Udianagar. Large stretches of very fine tobacco (N. rustica) are
grown on the lower land surrounding Jais and the crop is irrigated
from wells. In the present year, I again had occasion to pass Juls
and took the opportunity of examining the tobacco cultivation.
The soil was rich in potsherds, derived no doubt from broken roof
tiles and water pots, and the water used in irrigating the tobacco
was said by the cultivators to be unfit for drinking but very good
for this crop, in the growth of which they stated very little manure
was used. This was remarkable considering the excellent crops
and the fact that this plant will not thrive in the absence of abundant
nitrogenous food materials. They said the well water was rich in
saltpetre and that as many as fourteen waterings are often given
to tobacco. A large sample of irrigation water was taken from
well standing in the centre of the tobacco area about a quarter
of a mile from the nearest houses, the analysis of which has been
carried out by Mr. J. Sen, Offg. Imperial Agricultural Chemist at
Pusa who has alse kindly furnished me, for comparison, with some
analyses of well waters at Pusa. The results are as follows :—

TasLe L

Analyses of well water from Jais and Pusa.

Jais < Pusa
Magnesium carbonate .. . 25 39 } 76 to 15200
Calcium carhbonate . . . — 159 to 25:000
Magnesium sulphate . . 1087 -Nil  to 1'580

Calcium sulphate . 45 50 ' —_—
Sodium sulphate - . 101 Nil to 8300
Sodium carbonate 0 to 990
Potassium nitrate : 13
st el boNil ot 003
Potassium salphate 18 to 5400
Sodium chloride 09 to 1600
Total solids L YT909 302 to 66986
Ammonia (free) . 06212 Nil to 0032
Ammonia (albumineid) . 04143 : 0°004 to 0038

Oxygen dissolved . 07250 | 0067 to 0153

(The nnmbers]-eiel' to parts in 100,000},
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Two facts stand out very clearly in these analyses—the
high proportion of nitrates in the Jals Irrigation water and the
amount of dissolved oxygen. In comparison, the Pusa well waters
are markedly deficient in these substances. The Jals wells are
sitnated in land exceedingly rich in potsherds, where the aeration
of the soil is copious and where there is abundant oxygen for the
complete decay and nitrification of the organic matter. 1t is
therefore easy to understand how this well water comes to he vich in
nitrates and in dissolved oxygen and why it 1s so much valued for
irrigating tobaceo. At Pusa, on the other hand, the alluvium is
fine and close and soil aeration is difficult. Here the well waters are
poor both in nitrates and in dissolved oxygen and do not possess
any particular manwial value. The Jais water, In addition to its
high content of nitrates and oxygen, is also rich in potash. This
can be accounted for, partly by the fact that in rwal centres wood
and cowdung are used for fuel and partly by the increased aeration
of the soil surrounding the wells due to the quantity of potsherd
present. 'There is considerable evidence for the belief that one of
the functions of the fungi of the soil is to collect phosphates and
potash for the use of the higher plants.! These fungi ean only
work in the presence of oxygen and therefore the better and deeper
the soil aeration the more potash they collect and render avallable.

Trrigation water, rich in potassium nitrate, is by no means the
only condition necessary for raising heavy crops of tobaceo of good
quality such as the Jais product is said to possess. The soil must
also have the proper physicel condition for abundant snd rapid root
development and its tilth must be such thal it is not destroyed by
frequent surface flooding. Moreover, the crop nmst be provided
with sufficient phosphates as little manure is added to the soil.
The presence of abundance of potsherds M the soil would prevent
the destruction of the tilth by imigation and would also facilitate
thorough drainage and thus promote aeration. This in turn would
provide the soil fungi with oxygen and thus assist indirectly in the
collection of phosphates for the tohacco.

+ Marshall Ward, Disease in Plunts, 1901, pp. 56 68
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The Jais tobacco fields can be regarded as a natural manure
factory in which nitrates, potash and phosphates are produced
in sufficient quantity for crops like tobacco, maize and poppy which
are all grown on the lands in question. In spiteof the fact that
maize is followed by tobacco or poppy the same year and that o
relatively small amount of manure is used, the tobacco crops are
luxuriant and the cultivators are obviously prosperous and well-to-
do. The sources of the nitrogen and minerals used by the crops
are evidently the crop residugs and the manure supplied for the
maize crop. That this organic matter produces such excellent
results is, in all probability, a consequence of the copious aeration of
the soil produced by the great numbers of potsherds present. That
the crops do not make use of all the nitrates formed is seen by the
composition of the well water used in irrigation.

3. SOME OTHER INDIAN NITRATE FACTORIES.

The potsherd area round Jais is by no means the only natural
nitrate factory in India. Well waters, rich In nitrates, oceur
elsewhere near villages and towns in the plains of India and also in
Gujerat.'  Inall cases the aeration of the soils round these nitrate
containing wells is good and, in many instances, potsherds or brick
refuse occur in large quantities in the immediate neighbourhood.

Natural nitrate factories are common in some tracts of India
in the absence of wells. Thus in North Bihar, the mannfacture of
potassium nitrate is a well-known industry and as many as 20,000
tons of this substance are produced annually.® The saltpetre
is formed in the so-called nitrous earth and is separated by the
nunias from other salts which occur mixed with it. This nitrous
earth is found mostly on the kigh lands round the villages which
contain potsherds or brick fragments. The potassium nitrate is
derived partly from organic matter and partly from the ashes of
wood or cowdung produced in large quantities in the villages. The
abundant soil aeration hrought about by the potsherds provides the
necessary oxygen for the soil organisms including the nitrate

v Agricultural Ledger, no. 14, 1893,
2 The Gommercial Producls of India, 1908, p. 972.
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producing bacteria. In the presence of organic matter, wood ashes
and moisture and under temperature conditions which favour
intense bacterial activity, nitrification is rapid and potassium
nitrate is produced in abundance. The evaporation of the surface
moisture during the dry season, combined with the rise of the subsoil
water by capillary action, leads to an etHorescence of saline matter
on the ground in which saltpetre is one of the chief constituents.
Such accumulations of salts, rich in nitrates, largely occur in areas
where potsherds are abundant and are naturally quite different
from those met with in alkali lands. One factor, however, which
obviously limits production, has hitherto been forgotten in
considering these natural nitrate factories. This is the serating value
of the potsherd and the fact that without a copious alr supply, rapid
nitrification is impossible in the soils of North Bihar.

4. SOME PRACTICAL ATPLICATIONS.

The practical applications of these facts to Indian agriculture
must now be considered.

The manuring of wells.  As is well known, there is a large area
of intensive cultivation surrounding the towns and cities ol India
where large crops of vegetables, sugarcane and tobacco are grown
under well or river irrigation. Manure is obtainable, and potsherds
are abundant, The manure is usually added to the soil but no use

‘is made of the potsherds. More could be got out of the present
supplies of manure and this garden cultivation could be extended
by dressing the land with the potsherds and by using some of the
organic matter for manuring the wells. 1t would not be a difficult
matter to make, in the soil round & well, a potassium nitrate factory
the products of which could be directed either into the well itsclf or
into she irrigation stream. The soil round the well would have to
be mixed with the right amount of potsherds and organic matter
and ashes would have to be added to the surface soil from time to
time. 'The details would have to be worked out experimentally and
then applied to actual working conditions. Possibly some Chemis
in the Agricultural Department in search of an interesting problem
might consider this question.
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The permunent improvement of the land. 1t is evident that iy
the soils of India, the great factor in manuring is aeration and tha;
Jethro Tull’s great generalization that * Cultivation is manuring ”
can now be extended and summed up in the phrase-—Manuring is
aeration. The potsherd enables us permanently to aerate the soil
and thus make the best nse of organic matter including green
manures. The potsherd by itself has only a limited value but
with the help of small quantities of organic matter, extraordinary
results are possible as the exogiple of Jais is sufficient to indicate.

Preliminary experiments have already been completed in the
Botanical Ares ot Pusa which prove that, in the growth of tobacco
after green manure, the addition of potsherds to the soil is profitable.
With potsherds and surface drainage, a yield of 24 maunds to the
acre of cured tobacco leaf has been raised on green manure alone
and the produce, cured on the ground in the country fashion, has
been sold to the Indian Leaf Tobacco Development Company at
Dalsing Serat for fifteen rupees a maund. The velue of the crop
was therefore three hundred and sixty rupees an acre. To prove
the manurial value of potsherds however, something more than
small trials at a Plant Breeding Station are required. Accordingly,
arrangements have been made to treat ten acres of land on the
Dholi estate with potsherds and to compare the produse of the land
for some years with the initial capital cost of the treatment. There
is little doubt that the results will cstablish this method of soil
improvement and will suggest a useful means for the investment,
in the soil of India, of much of the capital now lying idle in the
country.



DRY-FARMING AND ITS POSSIBILITIES
IN INDIA.

BY

C. V. SANE, B. Ac, (Univ. of Bombay), M, Sc. (Univ. of Wisconsin).

Foreworn

Luss than a generation ago the very large area of land in
Western Anerica, not susceptible of rrigation, was looked upon ax
practically worthless for agriculture. Since that time many millions

" of acres of these apparently inhospitable tracts have been converted
into fruitful fields. This is due I part to the venturesome energy
of the American people, but chiefly to the careful investigation of
the natural conditions of the territory in question and the appl-
cation to the land of well-known scientific principles, followed by
further investigations leading to the discovery of other principles,
of profitable application to the reclamation of non-irrigable aril
lands.

Colorado established, more than eighteen vears ago, @ branch
station for the study of dvy-farming. Utah, o lew years later,
established a large series of experimental dry-farms, anid inaugurated
a series of studies on the relation of soils and crops to water.  Dther
states have done similar work, and the Federal Government has
vonducted for sone years very comprehensive dry-farming studiea
in the great plains area of the United States. tn the basis of such
work the American people have been able to conquer, without
irrigation, much of the great territory lying under a light rainfall
in what was formerly known as the Great American Desert.

In talking with students from India it has abways scemed that,
while the problems of India no doubt difier considerably from those

¢ 263 )
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of western United States, the same process of careful study of existing
conditions and the wise applications of scieutific prineiples, old oy
new, should make it possible to make the agriculture of India, not
under irrigation, much more certain than it has been formerly.
The problem is a large one, whether in India or America, but the
- experience of western America leads most of us who have been
engaged in the work, to believe that the methods of study followed
so successfully in reclaiming the American arid lands may be
employed with success wherever a low or uncertain rainfall is a
determining condition.

“Mr. C. V. Sane, the author of this paper, has spent much time in
the dry-farming aveas of the United States and has had unusual
opportunities to become acquainted with the methods practised
on American dry-farms and in dry-farming laboratories. His
description of American dry-farming is acourate. He has empha-
sized the leading principles of the practice. It is to be hoped that
the dry-farming regions of India may be helped by such studies
and discussions as this one by Mr. Sane, and that especially they
may lead to an enlargement of the scientific study of dry-farming
under the conditions of India. We of the far west may thus learn
much of the far east, and we still have much to learn.

Locax, Uran, U.RA.

. WIDTSOE.
October, 1915. JOHN A. WIDTS

Introduction.

OF the many things that compel the attention of agricultural
investigators in India towards American agriculture, one thing
that has done more so than any other is the system of dry-farming
and its success in such a short time. By the very nature of things
in most cases the little knowledge that we have on the subject is
principally derived from books and consequently is very rudimentary.
For though the principles of dry-farming are known all over the
world the art of manipulating the soil s0 as to make it an economical
practice is fraught with many difficulties. The necessity of drv-
farming in India is becoming more and more apparent every day.
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Yowever, a detaled study of all the factors-—chiefly soil and soil
moisture—that are associated with its success in parts where it is an
ostablished practice should logically prevede the undertaking of
such an investigation.

The writer has not only made a careful study of the literature
on the subject but has also had the privilege of conferring with
persons whose opinions are an authority in the matter, in addition to
visits and observations in the fields. A few figures deuling with
mechanical analysis, moisture study, etc., have been introduced, for,
apart from rainfall which can easily be ascertained, these are the most
important factors, knowledge of which is not so easily available in
India. They illustzate the basis and extent of the system and will
prove of great help in laying out the work. Fer after all is said and
done elsewhere the only way things can be answered definitely is
by independent experimenting.

That dry-farming is a world problem is now universally
‘conceded. The following table taken from *“ Dry-Farming ” by J. A.

Widtsoe illustrates this fact.
Praportion of earth’s

Character of farming Annual precipitation land s faee
per cent.

Arid Under 10" 2500

Semi-arid 0 - 20" 30400
Sub-humid 200 - 507 o

Humid 07 - 407} o

" 0~ 60 1160

” 60" - 80" 900

" 80" 120" 400

. 120" - 160" 130

" above 160" 030
100

Tt will be seen that 55 per cent. of the land surface is under a
rainfall of less than 20 inches ; thus necessitating the adoption of
dry-farming for the profitable growing of crops. It is estimated
that about 10 per cent. more receives a rainfall of from 20 to 30
inches, making dry-farming essential. Thus 2 total of 65 per cent.
is directly concerned in the methods of dry-farming.  Only a very
small portion of this area can ever be completely reclaimed by
irrigation practices, leaving the major part of the world always
interested in the movement of dry-farming.
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The study of this system becomes even more imperative iy
countries fike India where the rainfall over a portion of the country
is not only short but extremely precarious, and when one comes
to consider the amount of land in India which would benefit by
a knowledge of dry-farming it becomes obvious that it is up to us
to lose no opportunity of obtaining information which may assist us.

History, definition, and a few contentions requrding
Dry-Farming,

Thongh America has the privilege of bringing dry-farming in
limelight to-day, it is not to be supposed that it is a new system, Tt
is rather a new name to a system which was practised in ancient
days. Unnistakable proofs have been found to-day in all the
ancient civilizations in China, Mesopotamia, Fgypt, Mexico, Peru,
etc., testifying that it wasa practice in vogue in those davs.
Kearney' in a study of dry-land olive culture in North Africa quotes
Tunis as an example of the extent to which it must have been
practised in the old days. Though Tunis has a rainfall of only
about 9 inches on an average, the ancient ruins are of such a nature
that the territory was probably densely populated. No evidence of
irrigation practice is found and the inference is that the territory
must have been dry-farmed. But, however well known the art
may have been in the past, the credit of reviving and awakening a
general interest in this almost forgotten and neglected practice
must be awarded to those American pioneers who wended their wav
westward and subdued the desert in their struggle for existence.
The curious thing in this connection is that these methods were
simultaneously and independently developed in Utah, California,
Washington, and the Great Plains. However, to Utah belongs not
only the claim of precedence in this respect, but also the credit
of being the first to undertake a complete study of the behaviour
of soil moisture which has given the system a scientific basis it enjovs
to-day, mainly through the researches of Dr. Widtsoe and his
colleagues.

1 Bulletin No. 125 of the Rurean of Plant Industry, U, 8 Dapl. Agri.
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Dr. Widtsoe defines dry-farming as the profitable produetion
of useful crops without irrigation on lands that receive a rainfsll
of 20 inches or less. In districts of torrential rains, high winds,
anfavourable distribution of rainfall or other water dissipating
factors, dry-farming is also properly applied to farming without
irrigation under annual precipitation of 25 or even 30 inches, A
large part of the dry-farm territory in India will fall into the latter
category where conditions of water dissipation are far more
pronounced in every particular than the worst that could be ahtained
in the United States.

Even in the United States, however, there is » considerable
difference of opinion regarding the best way of applving the prineiples
of dry-farming to soil management. There comes in the wake of
every sclentific discovery a time when undiscerning anil unserupulous
persons  make unwarranted generalizations with  consequent
failures and confusion, and in a country so much given to speculation

“and exploitation it must have assumed rather serious proportions
to compel the Federal Department of Agriculture te caution the
uninformed public against some misconceptions which it would
be well to quote here

“In conclusion, the following misconceptions concerning dry-
farming may be mentioned as among the most serious : (1) That any
definite ‘system’ of dry-farming has been or is likely to he established
that will be of general applicability to all or any considerable
part of the Great Plains area; (2) that any hard and fast rules can
he adopted to govern the methods of tillage or of time and depth of
plonghing ; (3) that deep tillage invariably and necessarily increases
the water-holding eapacity of the soil or facilitates root development;
(4) that olternate cropping and summer tillage con be relied
upon as a safe basis for a permanent agriculture or that it will
invariably overcome the effects of severe and long-continued
droughts ; and (5) that the farmer ean he taught hy given rules
how to operate a dry-land farm.™
m mind in India also.

[t is well to keep these

v Year-Book of the United States Depariment of Agriculture, 1911, p. 236,
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Some noteworthy facts reqarding American agriculture.

An agricultural specialist from America, who had been in Indi,
as recently as 1914, observed to the writer that the one thing that
struck him more than anything else while there was the very poor
physical condition of the soil, an observation that is entirely true.
By contrast the condition of American soils ready for planting
is almost perfect. But this is due more to the suitable climatic
conditions by which good physical condition and preparation of the
soil can be secured easily and cheaply. Even if the worst came to
the worst the soils here over the major part of the continent never
dry out or bake so hard that cultivation becomes impossible after
the crops have been off the ground for any length of time. As
an additional help there are the autumn rains followed by the snow.
If conditions do not allow the autumn ploughing of the soil, as the
snow thaws in the spring, the soils come in just an ideal condition
for preparatory tillage. It is this factor that makes preparatory
tillage so casy in America. On the other hand in India where
the crops come to maturity, not so mueh on account of low
temperature as is the case here, but due to the sheer lack of water,
the roots dry up the soil in such & wholesale fashion that eultivation
becomes only possible if attempted below the zone of block formation
which is in many cases more than a foot deep, and even after this,
the soil never falls into that crumbly condition so essential for-good
cultivation. Even granting-that a deep ploughing is conducive
to a better physical condition and a better absorption of water than
no ploughing, the only way it could be accomplished is by machine
ploughing, which under the present condition of agriculture does not
seem easily possible or profitable either. In India we have
practically only two sowing seasons : the kharif and rabi, but these
are usually not co-cxistent, being found in widely separated terri-
tories, so that there is but one sowing seasan in a particular locality
and since the farmer is always afraid of a short season the sowing
of all crops has to be done post-haste in order that the crops may have
a chance to mature. Any one contected with agriculture in Indic
knows how feverishly hurried these operatiéns are. As a confras’,
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ere in America the farmer i3 practically farming all the vear
cound, and often starts his crop the vear hefore, as in the (m;(‘ of
winter wheat, clover, or sowing in the growing c¢rop in the fall,
vz, cowpeas in corn or cotton, ete. Thus he sows his wheat in
autwmn, it grows a little and rests during the winter wnder the snow,
[n spring, when the snow thaws the wheat hegins to grow agaiu.
In spring, he may sow rye, oats, or barley and seed down the field
to clover which may oceupy the land from vear to vear, Different
seasons for sowing corn, potatoes, tobacco, clover, wheat and other
crops are possible owing to the moisture conditions heing such that
a great variety of crops could be grown. vesulting in the most
profitable use of the farmer’s time, and in winter, when field operations
are at a standstill, he attends to his dairving or stock {eeding.
Thus conditions are rarelyso devoid of the necessity of doing any
agricultural work as they are in India with a growing season of
only three or four months in each loeality, and hard, hot dry
weather for the rest of the year preventing crops being taken from
season to season under dry-farm conditions.

Other factors are the size of the farms, their contiguity, the
presence of the farmer on his estate, the business and competitive
condition of farming, the supply o effective machinery, and the large
eapital available to the farmer for investment. Alb of these are
important, but the peculiarity of the season as explained above,
the possibility of distributing crops over a large period and above all
the absence of social or religions prejudices such as crop up in every
attempt at improvement in India are matters that are not so well
realized there and hence are grouped under a soparafe heading to
give them the proper emphasis.

Busis of Dry-Frrming.

The theoretical .consideration of (ry-farming hecomes only
possible after the water cost of the dry matter Is worked out.
Rxtensive researches have been made in this respect hy Wollny
and Hellriegel in Germany ; by Lawes and Gilbert in England ;
by King and Widtsoe in America and Leather in India. With the

exception of Drs. Widtsoe and Leather the rest have obtained
18
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their results under comparatively humid conditions. Making
allowance for the excessive use of water used in his work Dr. Widssoe
places the average water cost per pound dry matter at 750 poinds,
A dry crop of wheat in India normally yields about 600 pounds of
wheat per acre and taking roughly the same weight to represent
straw we have a total weight of 1,200 pounds dry matter. The
amount of water required for this yield of grain and straw would
be 900,000 pounds at the rate of 750 pounds of water to the diy
pound. Since one inch per acre Is equal to 226,875 pounds the
amount of rain actually used by the crop is about 4 inches per acre.
There is no doubt that the farmer will be more than satisfied if he
can raise 600 pounds of wheat every year with certainty and since
the amount actually required represents oulv from 15 to 20 per cent,
ol the average rainfall, there is no reason why with better methods
of handling the soil than are now in vogue, larger yields could not
be secured in normal years or profitable ones in poorer seasons.

Tt is well known that all the moisture present in the soil 1s not
available to plants. It is only that portion of the soil moisture
which can freely move under the force of capillarity that is useful
for good plant growth. The point below which the moisture in the
soil is not available to crops is designated the wilting co-efficient
and the extensive researches of Briggs and Shantz,' show that this
is a soil constent and bears a constant relation to the hygroscopic
co-efficient of the soil and is higher or lower according to the type
of soil. Up to a certain percentage beyond this wilting co-efficient
even, the water moves with some difficulty and does not replace
what is.used by the crop as readily. This point, Dr. Widtsoe®
suggests, should be called Lento-capillarity. In the particular
soil he was dealing with he found it to be 1275 per cent. It is
only the difference between this and the field capacity of the eoil
for holding water that can be safely relied upon for plant growth.
The field capacity of the soil does not necessarily come to its
maximum capillary capacity owing to the constant pull of gravity.
It has been put at 19 per cent. in a clay soil to a depth of 8 feet;

I Bulletin No. 230 of the Bursau of Plant Industry, U. S. Dept. Agri.
3 Bulletin No. 115, Utah Agri. Experiment Station, p. 230.
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18 per cent. for the clay loam ; 16 to 17 per cent. for loams and 14
to 145 for sandy loams. Considering 7 per cent. as s fair percentage
Jf readily available moisture one acre foot of soil witl o weight of
3,500,000 pounds will supply 245,000 pounds of water and a depth
of 4 feet of soil would give 980,000 pounds of available water and
referring to calculations previously made, a unilorm depth ol
tieet of ctay loam or loam soil will hold enough moisture to give
600 pounds of wheat per acre. So much, however, depends upon the
uniformity of the soil, depth, and its moisture capacity that it is
idle to speculate any further until a study of these factors is made
actnally on the spot and results obtained.

Factors underlying Dry-farming.

The success or {ailure of dry-farming methods depends on the
resultant of the two opposing forces of precipitation and dissipation.
Where this margin is large enough for erop produc-tion and can be
obtained at a reasonable cost, dry-larming will be a success. The
system would not be economical though possible where the cost for
obtaining this margin will be such as to seriously interfere with the
profits.  Conservation of moisture at reasonable cost is, therefore,
the basis of the system. The positive factors in this retention of
moisture arc the soil and rainfall and the opposing forces are evapora-
tion, seepage and surface-wash.

Owing to the tropical climate in India over a large part of the
vear the losses due to evaporation depending upon temperature,
sunshine and winds are far more serious than in the cooler climate
of the United States. The loss due to seepage is very slight, if any.
Owing to the cyclonic and torrential character of the rain, however,
our greatest loss in India is in the surface wash, when not only the
tain but a considerable proportion of our best sotl also is lost with
it. There are no figures at hand showing what proportion of rainfall
is lost in this way in India but cbservations made by Briggs and
Belz' in this country show that as high as 80 per cent. of rainfall
of 25 inches falling in 4 hours on a nearly level summer {allowed

1 Bulletin No. 188 of the Bureau of Plant Indusiry, U. 8 Depl. Agri,



272 AGRICULTURAL JOURNAL OF INDIA [XI,

field was lost by run-off.  The only thing that partly compensates 1.,
these heavy losses is the comparatively larger rainfall, but whether it
Jarge enough to allow this loss can only be determined by actua! tests,

Conditions for water conservation are ideal in Utah where t}e
dissipating forces are comparatively feeble and the character of the
precipitation and soil is such as to give maximum etliciency for
storing water.

Tt may be mentioned here that crops in these highly developed
dry-farming regions do not depend on one, two or even three feet of
soil but search down to a depth of 8 feet or more in the soil in quest
of moisture. Not only has moisture percentage been found to have
been aflected to this depth but wheat roots have actually been
traced to a depth of 8 feet. Observations in North Dakota and
Nebraska, though different in other respects, show that roots can
feed to a depth of 6 feet positively, and possibly at lower depths.
Tt is this deep rooted habit that enables the crop to yield at the rate
of 900 pounds of wheat per acre on an average, cn a rainfall of less
than 15 inches; and crops of 3,000 pounds of wheat to the acre
have been raised while 2,400 pounds is not at all unusual.

These factors of the uniformity and depth of the soil which are
s0 essential for success in dry-farming ave often lost sight of or not
as well emphasized as they ought to be in other parts where attempts
at dry-farming are being contemplated.

The subject of soil moisture has nowhere been studied as
completely asin Utah and most of the figures reproduced here are
therefore drawn from the investigations at the Utah Agricultural
Experiment Station.

Professor Chilcott who is in charge of the Office of Dry-land
Agriculture of the United States Department of Agriculture divides the
dry-farming area in America in two sections—(1) The Great Plaims
and (2) The Great Basin or Inter-mountain. The Great Plains area
lies principally between the eastern slope of the Rocky Mountains and
Missouri-Mississippi Valley. 1t was in this area that the early reverses
were experienced.and it is this area where a few of the misconceptions
quoted above took shape. Itis characterized by a scanty winfer
precipitation, the bulk of the rains coming in May, June, and Juiv.
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The Great Basin or Inter-mountain Region lies hetween the
lockies and the Sterra Nevads Mountains and the precipitation,
though usuelly less i amount, is chiefly received in the winter and
spring, leaving the summer rainless. It is in this region that dry-
fuming was first found successful and subsequently developed
to its present magnitude.

Though the moisture study has been nade n various parts of the
Great Plains and the Inter-mountain Region, the soil study is
nowhere as completely done as in Utah.  The [ollowing table! shows
the approximate mechanical analysis of the various kinds of soils
where dry-farming is successfully practised in this State,

Average mechanical anolysis to u depth of § feet.

County Coarse matter Sand Clay
Tron County 465 3179 191
Juab 607 2053 1569
San Juan 087 5646 915
Sevier 3131 5531 1384
Tooele 728 3863 1291
Washington 16'28 5346 10°16

1t will be seen that quite  variety of soils can be utilized under
the dry-farming system.

The great uniformity of the soil can he seen from the following
table® representing a depth of 8 feet.

Juab County Farm.

Size of particles Soil separate 1 2 3 + 3 6 7 8
Coarse matter ... 939 520 894 443 H¥3 220 364 393
Fioe matter . 0341 9471 9106 9557 9415 9730 9636 9607
01032 mm. .. Mediumsand .. 8903 899 8§73 1136 1569 §03 1628 12:60
¢032—01 ., « Fine sand L2005 1648 12:38 18°87 1948 27440 2500 2252
061—0032 , w Coarse silt w2187 19475 2253 10-06 23:88 2227 2188 2191
0-0032~-0-01 ,, ... Medium silt C 1598 1678 1783 1720 1543 1351 1373 1703
0-001—0-0032 ,, ... Finesilt 1395 1488 1447 1893 8401 711 8468 044
less than
0001 mm. ... Fineclay .. 1573 1688 13:62 2068 12-41 10403 12118 1329

Soils in the Great Plains aves sre more varlable n character
and depth and where shallow or under-lain by 4 porous sub-soil,

tesults in the conservation of moisture are discouraging.

v Bulletin No. 104, Utah Agri. Experimeni Station,
* Bulletin No. 122, Utah Ayri. Ecperiment Stotion.



274 AGRICULTURAL JOURNAL OF INDIA (XI, m

The limits of soil types in a section of the Great Plains' ap
are as follows :— :

Size of particles Soil separate 1 2 3
1 mm: and above .. Fine gravel
05— mm. .. . Coarsesand .. 0104 002 001
025—¢5 ,, .. ... Medium sand ... trace-0'3 003 001
01-025 ,, ... .. Five fand .. 1-5-14:1  1+4-123 16-92
0:05-01 ,, ... ... Veryfinesand... 43'1-52:5 378.554 427-58'2
0:005—05,, ... .. Silt .. e 3001436 325427 304458
less than
0005 mm. ... .. Clay 58105 67-117 81.13-3

The importance of having uniform and deep soils can hardly
be over-estimated when it is realized that it is the depth whici
has made the growtheof remunerative crops possible ; by the deep
roots they send out in search of moisture. That the storage of
moisture affects to a depth of 8 feet at least and possibly turther ean
be seen from the table’ reproduced below.

All moisture percentage on the basts of dry soil.

Keason Date 1

seasorn, EUNE TR T i 516 | 1| 8 |average
Harvest |Sept.8,1902 .| 6:37| 732| 817 8§55, 8% 9-291310-10 1088 836
Storage | Apr.24, 1003 11|1020|19-08 1383|1699 | 1361 | 1262|1224 1237 | 1583
Tnorease | 12| 1176 1066 8445 535 33| 214] 199 707
Harvest | Aug. 24, 1906 .. 3 966 (1130|1075 959! 793
Storage | May 11,1907 .| 1817|1673 17-06 | 16:85 | 1658 | 1625 | 1408 | 1348
e PR I

Increase Lo 984] 910 954 7T22| 529 6'5()1 538 5455 718

'

It has been estimated that on an average more than 60 per
cent. of the precipitation could be stored in thesoil to a depth of
8 feet in Utah. Bun® working on the Western Nebraska soilin
the Great Plains area has found that, if properly cared for, the
summer-tilled or sunmer-fallow soils showed from 5 to 7 inches more
water in the first 6 feet of the soil than similar land growing a crop
and the water so stored has been equal to from 40 to 50 per cent.
of the rainfall for the same period. Further that the meisture
content, of the summer-tilled land increases below the 6 feet area
and is apparent to a depth of at least 10 feet.

! Bulletin No. 114, Nebraska Ezperiment Stalion. .
* Widtsoe, Dry-Farming, p. 114.
¥ Bullptin No. 114, Nebraska Experiment Station, p. b1.
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1t is a general impression that soils to be vetentive of moisture
must be either clayey, clay loams or at least silty loams. That
sach is not however the case, in fact, & lighter kin(i of soil is more
amenable to dry-farming, is the observation of many.

Professor J. W. Powell in his book “ Arid Lands ” states that
a sandy soil seems to be an essential condition for dry-farming.

Recently Clothier' working in Avizona found that “The
lighter types of soil have proved to be more valuable for dry-farming
than the heavier ones.”

That sandy soils are not debarred from dry-farming methods
can he seen from actual determinations of soill moisture presented
in the following table® :— "

Prapartion of ramnfull stoved in the suil.

Percentags of water

ercenta; Rainfall during | Percentnge of pre-
in goil in autoron

. the period of cipitation found
Soil Type {after havvest) depth | conservation in inghe spring to a
of § feet \ inchey depth of 8 feet
Sandy loam . v ! wal o]
S ’ H k X

o 883 214 8261
o 910 1617 6277
o 1003 638 6765
Clay 123 105 9317
Sand 773 727 6480
Loam 1104 1085 8113

The observation thet lighter types of soil are more suitable
to dry-farming is possibly due to the fact that the heavier soils
though they have a large moisture percentage, actually allow
a smaller supply to the feeding roots, owing tothe wilting co-eflicient
being higher in the heavier soils than the lighter ones.

Burr working with the Western Nebraska soils has {ound that
watex above 7 per cent. of the soil only s available to crops.  Taking
17 per cent. as the field capacity of the soil, the portion available
would be 10 per cent. (17~7 per cent.).

The wilting co-efficient of a clay will be somewhere about
11 per cent. and taking its field capacity at 19 per cent. there will

o R }iullﬂin No. ;‘0, AArri:cma Agri. Ecperiment Station, p. 7970,
* Widtsoe. Dry Farming, p 121
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be left only 8 per cent. as available moisture. Add to this the effe.:
of ‘the lento-capillary water, the ease with which the roots can
penetrate the lighter soils and one can see the reason of tiw
observation under consideration.

So far as the chemical composition is concerned the soils appear
to be richer in phosphorus and organic matter. In the following
table! are given the limits of the percentages in the various dry-
farming sections in Utah as compared to a {ew from India :—

Results cJLpressexl as pen‘enmqe n dra/ soil.

Ingredient ' 1st foot 4th foot Yth foot ‘ India?
—_— i
Insoluble residue .| 5214—8835 52 878 29 g 478687 ’ 51
Potash K.,O . . ﬂ 95-— 1431 ‘80 42— 070 | 01
Soda Na,0 ... . | OH— 004 [ 42— 070 1 040
Lime Ca0_ .. | 0561897 P0T79-2022 ¢ 013
Magnesia MgQ - ‘ 042 2 075— 293 | 022 2 47
Sulphuric acid 80, ... 05— 0713 ; 007— 011 | aot dp(enmmed
Oxide of Iron Fen()W e 280— 542 2 3 236— 302 ¢ 246— 9
Alumina A1,0, oy 2:29— 633 014-- 647 | 36— 662 | 1'74—13'76
Phosphorns P‘ZO(, - 123 - 00419 0112— 0356 ; 0-10— 0264 | 000~ 023
Carbon dioxide CO, i 021-1835  204-1512 | ('14-2008 | 011— 148
Volatile matter I 302— 531 279— 442 | 162— 293 ( 0-24— 658
Humnus ) 109— 163 ° 0:50— 163 | 1'15— 1'35 | not determined
Nitrogen bO0057T—0116 - Q037~0'1 0:018—0-05 | 001502

Total P. 0191 o8l 112 i not determined

'32 o148 130

Total K. ol

A, Rainfall und its conservation.

L spite of the lower amount of total precipitation, mention
has alveady been made that dry-farming in the Great Basin has
proved more successtul than the Great Plains avea. This is due fo
the character of the rainlall, more than 80 per cent. of the rainfall in
the Great Basin being received as winter and spring rains while more
than 60 per cent. in the Great Plains falls after the crops have heen
sown and over 30 per cent. in summer. The following table shows
the average seasona! distribution of raintall in the two regions :(—

f
| Percentage |

Percentage in ~ Pevcentage ! 2

Region Rainfall ) fall after in winter nia 1‘ f:r:l;leuv;::egﬁ
harvest mostly snow . in spring |

Great Basin | 14531907 16 | e | m

Great Plains . 11'92—21-30 12 9 43 ; 36

Y Bulletin No. 122, Utah lgm E.cpanmmt Station.
3 Hilgard. Seils, 1912, p. 412
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Tt will be seen that the Great Basin receives 23 per vent. of its
precipitation as snow against only 9 per cent. in the Great Plains
and it is doubtful if there could be a more ideal condition of storing
water if the land is well prepared than the snow, which, as it melts
in the spring, gradually seeps through in the soil deep down with
no run-off, evaporation, or seepage to speak of.  The ratiless
summer prevents any tendency on the part of the crop to develop
srface feeding roots and the plant thus unintertuptedly (ollows
the moisture deep down into the soil,

~ As regards suner raivs, the factors of dissipation in the [orm
of run-off and evaporation arc most active at the time the rins
come. Besides, while a rainfall sometinies may help to pile the
annual average it may not be of any use in increusing the soil
moisture—a condition to whish we in fudiz are well seenstomed.
Briggs and Belz have observed thet o monthly precipitation of
19 inches coming in nine light showers was of no practical valve, as
‘it all evaporated before penetrating the surface mulel. 1t has heen
repeatedly’ obscrved that even a vainfall of hall an eh does not
add to the moisture supply unless followed by others within ten
days. As a compensating circumstance, however, of light summer
showers, is the {act that a rainfall of {rom quarter to half an inch
may have a decidedly benefivial effect ou the crop, though it again
beeomes a double-edged sword, since it tends to enconrage surface
roots and in the case of long dry periods specially at a eritical period
when water is being fast used by the crop, the crops would not have
enough time to send down deeper Toofs and may receive as a vesnlt
a serious check or possibly end iu failure.

1t appears that in the long run it would be better if such light
showers were prevented from having any effect on the crops in
encouraging swrface rooting, by deep intertillage, and though it might
result in a temporary check to plant growth, the ultimate safety of
the erop could be more safely assured in case of the long dry periods,
which are only tao prone to oceur i Tudia at some stage of the
(',]'01).

| Bullebin No. 0, Arizona Agricuturel Bepurimant Statiosn, p. 38
Bullebin No, 114, Nelvaska Experiment Stabion, p 31
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Dr. Widtsoe in summing up the subject says: “ A great deal
has been said and written about the danger of deep cultivation
because it tends to injure the roots that feed near the surface
True, deep eultivation when performed near the plant or tree,
destroys the surface feeding roots, but this only tends to compel the
deeper lying roots to make better use of the sub-soil. When,
as In arid regions, the sub-soil is fertile and furnishes a sufficient
amount ‘of water, destroving the surface roots is no handicap what-
ever. On the contrary in times of drought the deep lying roots
feed and drink at their leisure far from the hot sun and withering
winds and the plants survive and arrive at rich maturity while the
plants with shallow roots wither and die or are so seriously injured
as to produce an inferior crop.

“One of the chief attempts of the dry-farmer must be to see
that plants root deeply. This can be done only by preparing the
right kind of seed-bed and by having the soil in its lower depths
well stored with moisture, so that the plants may be encouraged
to descend. For that reason an excess of moisture in the upper
soil when the young plants are l'oot-irig is really an injury to them.”

B.  Absorption and relention of morsture.

Deep ploughing with subsequent tillage and in parts where the
rainfall is below 12 inches, stnmer fallowing to carry over the supply
of moisture from one to the other season are the two principal means
used for storing water. Nearly all the contradictions with regard
to the dry-farming system that have srisen are with regard to these
two factors—deep ploughing and summer tillage.

The following presents the view of Professor Chilcott' of the
United States Department of Agriculture with regard to deep
ploughing. “ Perheps one of the most common fallacies is that deep
ploughing invariably and necessaiily increases the water-holding
capacity of the soil  Our investigations show that in many instances
the receptivity of the soil is governed entirely by the physical
condition of the upper 4 or 5 inches, the undisturbed _sub-soil being

1 Year-Book of the United States Department of Aga‘icultu'r.e, 19111, p. 254
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of such a mature over very considerable portions of the tjreat
Plains that it is able to transport downward by capillarity
all the moisture absorbed by the suface layer of soil as
rapidly as it is accumulated in that layer. Under snch cireumstances
there would manifestly be no increase in either the receptivity
or water-holding capacity of the soil if the ploughing were
deeper than 4 or 5 inches. Whether this rule will apply to any
given soil can be determined only by careful observation, which
should extend over a sufficient period of time to include & consider-
able range of climatic conditions and particularly the varying degrees
of intensity and duration of rainfall.” Another group of investi-
gators' state: “The advocates of deep tillage and ploughing
to the depth of a foot to sixteen inches argue that the deep stirring
and loosening of the soil creates a greater ability to store water.
At none of the Stations in the Great Plains have these claims been
justified by the results of experiments.”

We have at present in Tndia a wave of deep-ploughing senti-
ment and the above wil! certainly afford food for a good deal of
reflectlon and investigation in that connection.

Another interesting and rather unusual statement’ from one
of the experimental stations of the Great Plains area is as follows :—
“ Advocates of dry-farming. systems based on the °dust blanket’
theory strive by maintaining a soil muleh to reduce the loss hy
evaporation. They reason that by stirring the surface, capillarity
will gease to act in hringing up water from the lower depths to the
surface. But they fail to take info consideration that bevause of
the absence of a free water table capillarity as a force Tor moving
water upwards ceases and is of no practical importance.”  The
apparent benefits as measured by increased moisture content attri-
buted to the soil mulch, have more than likely been due to the fact
that in maintaining the soil muleh, loss of water has been prevented

V Bulletin No, 110, North Dakota Eeperiment Stativn, p. 172.

Y Lhid p. 174.

3 This statement is not supported by experimental evidence included 0 this publication :
Lut there is abandant proof of it in data of the Oftice of Dry Land Agricuiture, 2 part of which
has been published by W. W. Burr of that office, in Research Bulletin N, 3, University of
Nebraska, pp. 75-77.
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by the eradication of the greatest dissipators of soil moisture—.
namely, weeds. From the standpoint of moisture conservatio,
cultivation is beneficial when weeds are destroyed or prevente
from growing. This fact should not be taken to mean that les
cullivation is necessary but rather that such operations should be
performed at times when weeds can be combated. If the soil checks
and cracks deeply, air is allowed to cireulate below the norms)
drying depth of the swface and cultivation then is necessary,
Otherwise the soil mulch can be disregarded.””  (The heavy type are
owrs.)

However that may be in other sections, the writer in his visits
to the fields in Utah was indeed amazed to find that within 3 to 4
inches of the surface mulch, under a continvous, herd, hot su,
with neither rain nor dew, the soil should be found to be ideally
moist for erop growth and that it should be in this condition to »
depth of 6 or 8 feet. If the writer had not personally seen this,
1t would have been difficult of belief, so incompatible appear the dry,
hot surface mulch at the top and the cool moist soil helow.

Lven in the Great Basin region, however, ploughing deeper
than 7 to 8 inches has not had any marked effect on the yield or the
water stored.  In fact as a result of five years’ experiments at the
Nephi Sub-Station,! Utah, no material difference was observed
in the yields obtained from the plots ploughed at different depths
varying from 3 to 18 inches.

Indeed in the light of these findings, the question of decp
ploughing in India deserves more than a casual and theoretical
consideration. It may turn out after all that what we want most
is deep intertillage rather than deep ploughing.

Speaking of the soil mulch Professor Farrell? has drawn
attention to the fact that two factors euter in the formation of soil
muleh—receptive and retentive. He has shown how in parts where
wet and dry periods alternate in rapid succession, the receptive

Y Rulletin No. 157, U0 8. Dept. Agri. Contribution from Buvcaw of Ilant Industry,
p. 44,

2 Dry-Farming, vol. V, no, 2, p. 245, The Aunwal Handbook of DrysFarming, Gt
Luternational Dry-Farming Congress.,
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and the retentive condition of the soil muleh oppuse cach other.
fhus the ¢ dust muleh’ so much advocated by authors in dry-
fyrming becomes actually a hindrance in the effective rcuepti(l)u
of the precipitation specially in heavier soils, hecause the fine dust
nulch under a heavy rain, runs together and interferes with pene-
tration and occasions an excessive loss hy ran-off. The run-off
in such cases may actually exceed that from a soil which has no
muleh at all.  Reference has already been made to the ohservation
that 80 per cent. of the rain was lost by swface washing ina heavy
rain on a level summer fallow while under the same conditions 1t
was observed that only 40 per cent. was lost on an adjacent stubble
field.

In considering the soil mulch therefore in parts where dry and
wet periods alternate as in India, both the receptivity and the
retentivity of the soil condition should be borne in mind. As a
result, in heavy soils it will be safer to leave the surface relatively
coarse and lumpy to reduce the tendency for running together and
causing a loss by run-off.

Discussions with regard to the value of a summer fallow run
quite as hot as ou the value of deep plonghing. Thus, results
obtained in North Dakota show that while stored water may be of
volue in supplementing rainfall, it s nnable in itself to mature & crop
in Western North Dakota ; but even here it is admitted that summer
tillage has a certain value as insurance against crop failure.  Others'
find it too extravagant a system. (lothier® states that summer
fallowing by the ordinary methods has not been successtul in
permanently accunmulating water in the soil even after a two-year
tallow in Arizona.

Tt must ot be forgotten in this connection that those who
advocate summer fallowing do it for a certain set of conditions :—
(1) Where the annual rainfall is too small fo prodnce & crop every
year, (2) under particular conditions of depth and wniformity of the
soil. That such is the case is proved by hundreds of moisture
determinations and crop results in the Great Basin. Nven here

\ Year-Rook of the U7, 8. Dept. of Agri. 1811 p- 263,
* Bulletin No. 70, Avizona Experiment Station, p. 797,
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when conditions of soil or rainfall are better, the summer falloy
is practised only once in three years. In other places once in foy:
years is found enough. In Kansas it is customary to do so only
onee in Six years. ‘

A modification of summer fullow, which owing to the pocr
humus content in Indian soils is likely to prove very useful, is the
turning under of a green crop in the fallow year. This will not only
improve the physical condition of the soil, the chemico-bacterial
activities and the consequent liberation of plant food, but will also
add to its water-holding eapacity on account of the added humus.
Experiments so far, however, tend to show that in India it does not
pay to turn under huge quantities of green matter unless there is
enough water available for complete decomposition of this material
and its assimilation by the soil. The aim should be to turn under
only as much as would bhe properly decomposed and assimilated.
Even if it is ouly a slight growth that is plonghed under, it would
do more good than a huge mass of loose decomposing matter
intercepting the continuity of the soil and- upqe‘rtmg all its
useful physical functions.

Choice of crops, Rotations, and Machinery.

Choice of crops. The limited amount of available water naturally
requires the growth of only drought-resistant crops. Kearney and
Shantz' describe drought-resistaut plants as having the ability either
to endure, to evade or to escape drought so as to produce successtul
crop growth.  Ability to endure a drought may be due to the storage
of water in the plant body or ability to become dormant. Of the
cultivators’ crops, the tendency to become partly dormant is shown
by alfalfa and sorghums.

The evading of drought can be accomplished by control of
transpiration or exceptional root development. Alalfa with its
deep tap root illustrates this point among the cultivated crops.

The adaptation for escaping the drought is illustrated by plants
that Tequire a very short growing period before the season o
drought begins, such as the early varieties of small grains. ’

' Yeur-Book of the U. §. Dept. of Agri. 1911, p. 852,
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However, the crop plants to succeed under
conditions must possess more than one of the
mentioned. Thus alfalfa has not only the ability of bee oning partly
dormant under adverse conditions but can also partly evade drought
on account of its deeply penetrating roots. The ex wly varieties
of successful small grains have not ouly a shorter growing season
but also are characterized by a small total leaf surface reducing
transpiration. The authors mentioned above found that soryhums
afford the best example among crop plants of 2 combination of
adaptations for meeting drought. They are spec dally drought
evading, and also have considerable power of endurance, In
seasons when the rainfall is normal as to total quantity hut very
nregular in its distribution, while crops like alfalfa and sorghums
may finally give good yields, corn and potatoes for example which
have less ability to become dormant may utterly fail. Thin
planting, clean cultivation, cutting and praning and growing
dwarl varieties are other means of evading a drought.

The ultimate object of farming being profitable crop production,
such crops must only be grown as are reasonably secured from
destruetion by drought and which also when grown under the
conditions of moisture supply normal to the region, can give a product
that will be remunerative to the grower.

It is owing to this factor of profits that wheat is the principal
dry-farm crop. Winter wheats wherever possible always give better
returns.  Of the spring wheats the Durums have becone the most
popular. In the southern section of the Great Plains Region
sorghum is found to be the most remunerative and is already a
staple crop in parts of Texas, Oaklahoma, Kansas, and New Mexico.

Alfalfa ought to prove a very useful rotation crop in dry-farm
regions provided it is not too thickly sown, about 5 to 6 Ib.
being enough. As a rule dry-farm alfalfa yields well as a seed crop,
though, if properly cared for, good hay can also be obtained.
Sorghum is the third principal dry crop and is likely to extend in
eultivation. Other crops like batley, oats, corn, are sometimes used
in rotation with wheat in some parts especially in the northern
Great Plains area.

dry-farming
adaptations above
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A fact that was once overlooked and led to disastrous results i
the thin rate of seeding to be used. A thickly sown fleld may loui;
better at the start but it so depletes the moisture-supply in the soil
in the preliminary stage of leaf and stalk formation that very littl
is Jeft for use at the critical time of forming the grain. Thin seeding
is, therefore, & very essential factor in successful crop produotioxrl
under dry-farming. 25 to 30 pounds of wheat seed is used to the
acre in the Great Basin,

Rotation. No rotation practically exists where summer fallow
is practised every year. In some others where the land is fallow onee
in three years wheat after the fallow and spring harley following
the wheat is taken. In some cases when the soil has run down, it
i3 put down to alfalfa for three or four years before growing wheat
agali.

Machinery. An average holding to make farming pay is
supposed to be 160 acres with half the area in fallow every year. In
addition to the necessary wagons and hand tools and four horses
the following complement of machinery is recommended—a plough,
disc harrow, smoothing harrow, drill seeder, harvester or header
and mowing machine.

Threshing is alwevs done on contract by travelling

ackles.

Power farming is practised on a few unusually large
estates, but has not vet become a general feature like power
threshing.

One thing more than another which has made dry-farming
profitable is the effective machinery which has enabled the farmers
to cultivate and farm their lands cheaply. In Dr. Widtsoe's
opinion, dry-farming more than any other system of agriculture
is dependent for its success upon the use of proper implements of
tillage and that if it were not for the invention of labour-saving
machinery, it is doubtful whether the reclamation of the great
arid and semi-arid regions would ever have been possible. The
future as well as the past of dry-farming is thus imtimately connected
with the improvements alrcady made and to. come in jarm
machinery.
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A review of conditions in Indio.

Such being the factors that control success in du-t.ummg in
America the next point is to consider how we stand in these respeofc;
in Tndia. If land is to be prepared efficiently so as to veceive and
vetain the rainfall effectively, costly machinery must be used. In
most cases. for the present it is beyond the means of ordinary
farmers to own these machines for themselves. The only wa};,
therefore, is fo use them co-operatively and the great strides that
this movement is making at the present ought to make such &
co-operative preparation of the soil possible wheve it iy proved by
experiment that dry-farming can be profitably pursued.

Conditions of rainfall in India are similar to those of the Great
Plains region of the dry-farm section I America. Professor
Chileott describing the variableness of the season in this section says,
“Within the area specified, annual precipitation at a given station
may easily range during a term of years from ag low as ten to as high

" as thirty inches. It is not an unusual ogenrrence to have a single
torrential downpour of rain which exceeds in amount the normal
precipitation for the month in which it occurs. These torrential
rains frequently come with such force as to puddle the soil surface,
thus making it impervious to water and resulting in the utilization
of but a small percentage of the precipitation.”

Tf one had started deseribing the uncertainty and variableness
of rainfall in India, the description would tally word for word, with
the difference that every factor mentioned is far more pronounced
in Tndia.  As every one knows it is the uncertainty and variableness
of the rainfall that upsets farming in India and not the smaller
amount., Our similarity to the Great Plain region does not consist
only in the variableness of the season but also in the fact that all
our Tain is received while the crops are growing, delivered in about
4 months period technically, but really in not a few days but only a
few hours. Our problem thus is unguestionably more difficult to
meet, not because of this fact: alone, but also because the dissipating
forces are very strong. The only thing that serves as a partial
off-set s the large amount of our average annual rainfall and possibly
our deep soils where such exist in districts of lar.  raiufall.

1
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While discussing the influence of soil in dry-farming, attention
has already been drawn to the fact that it 1s a misunderstanding
to suppose that only clayey soils are adapted to dry-farming. 1y
fact as explained above loams and lighter types of soils are even
preferred, where they are uniform to a depth of 8 feet or more. 1n
fact this umiformity of character is the corner stone of the
dry-fanning system. It s this uniformity unhampered by hard-pan
or gravel seam or a murum layer or clayey sub-soil or sticky shale,
that gives free scope of movement to the water from one depth to
the other. The force of capillarity is uniform throughout ; there
is no hard-pan to limit the soil’s storing capacitv nor a pervious
layer to drain off the much needed water down below beyond
recovery when needed by the crop, owing to the feeble lifting power
of the intervening pervious laver.

The water in such uniform soils simply travels ap and down
under the influence of capillarity and gravity, but never goes so
deep as to be beyond the reach of plant roots. RSuch deep soils
are not infrequent in India and must prove of great value.

It goes without saying that the yields under dry-farming
methods are bound to be smaller than in others, and that a kind of
insurance must always be paid in the higher cost of using dry-farmirg
methods entailing greater cost of erop production. But dry-farming
has succeeded best where a drought 1s anticipated every vear and
provision made to fight it. It will never be a success so long as the
farmer indulges in the costly temptation of the higher and cheaper
but uncertain yields over the admittedly smaller and costlier but
certain yields under the dvy-farming system.

On theoretical considerations it seems possible that such o
certainty of yields can be obtained over quite a large area if dry-
farming methods are carefully followed. Fxperiments on the spot
must prove that such is the case.

When found successful, it will practically do away with the
erowding in of all agricultural operations in a very small period of the
year, leaving the rest unoccupied. Tt will make farming more
evenly distributed and will consequently put a value on the now
idle labour of the farmer and will give a certainty to his vocation
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It is not a problem that can be solved i one or two years’ time,
neither is it one that can be suceesstully met by one out gl dried
method. Different soils and climatic conditions will respoud to
different treatments, and consideration must bhe given to
factors. In some, fallowing might be foun
of three or four vears. Tn others it might bee
other year. Tn some cases fallowing with green manuring will
have better eflect. Some crops might do hetter iy one
others in others. Fortunately there is no lack of

all these
necessary in a cvele
ONe necessary every

section and
drv-farm crops
or varleties in Tndia. Consciously or unconsciously we have been
dry-farming most of the time in certain districts, W hat is wanted
is the building up of these crops to constitute 4 pure strain.  Wheat,
juar, cotton, lucerne, gram, linseed, all will find 4 place in onr
svstem. The point is to experimentally prove what is the best
system for given conditions of soil and climate. [f there are any
means hy which something definite can be evolved ont of the fickle
Indian monsoon they are likely to be the rigorous adaptations of
dry-farming principles.

It is a problem that is ever present before the agricultural
mvestigator, the Government and the cultivator, year in and year out.
When all the countries in the world—America, Canada, Mexico,
Brazil, Australia, Africa, Russia, Turkey, Palestine and even China—
have lined up and gone ahead in dry-farming investigations, is it
fit that we in Tndia, who would perhaps benefit nost from such an
investigation, should not be in the forefront !



ON THE MODE OF INFECTION AND PREVENTIOYN
OF THE SMUT DISEASE OF SUGARCANE

BY

8. L. AJREKAR, B,A, (Bom, & Cantab)),
Assistant Professor of My-ology, Agriewltural College, Poona.

THE smut disease of sugarcane is caused by the fungus Ust-
lago Sacchari Rabenk. and is easily recognized by the characteristic
long whip-like sooty black shoot, devoid of leaves, produced from
the top of the affected plant. This is often several feet in length
and much curved on itself. In its earlier stages it is covered by a
thin silver-white sheath, which later on ruptures and exposes a
sooty black dust which consists of the spores of the fungus.

As a rule only the thin varieties like Sanna-bile and Ashy
Mauritius' are attacked. The thick varieties—Pundya and Red
Mauritius, for example—cannot, however, be regarded as altogether
immune, as they unmistakably showed the disease on the Manju
Farm during the last two or three years.

Dr. E. J. Butler,® in his paper on the “Fungus Diseases of
Sugarcane in Bengal,” suggested the possibility ““that the smut
disease can be transmitted both through the infected sets cut from
diseased plants which contain living mycelium and also through
spores.” The same author states further that experiments in
treating this smut are still to be carried out.....Whether it is
possible by pickling the sets in copper sulphate or some of the
other methods which have proved efficacious against grain smuts,
to prevent spore-infection of sound sets remains to be seen.”

1 Ashy Mauritius is originally & thick variety, but on the Manijri Farm it looks more
like & thin variety than a thick one.
% Butler, B. J. Mem., Dept. of Agri. in India, Bot. Ser., vol. I, no. 3, 1906.
{ 988
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The experiments described here were suggested by these remarks
of Dr. Butler. The object in view was to ascertain how infection
usually took place in the field in the case of smut in sugarcane
and to test the efficacy of treatment of sets with copper sulphate
previous to planting.

The experiments recorded below were carried out during the
last three years- on the Government Sugarcane Experimentel
Station at Manjri near Poona, where smut has heen appearing
sporadically year after year, particularly on some of the thin
varieties. The writer is indebted to Mr. Mahajan, Superintendent of
Manjri farm and to Messrs. Padhye and Sane, Graduate Assistants
on the same farm, for looking after the experimental plots and much
help during the progress of the experiments.

ExperiMENT No. 1.
1912-1913.

Method. Careful search was made for stools entirely free from
smut in the Ashy Mauritius plot and sixty sets fit for planting were
selected from these. Another lot of sixty sets was cut from canes
which had distinctly shown the smut. The healthy and diseased
sets were further divided into two lots of thirty sets each and one
half were steeped in copper sulphate solution of 2 per cent,
strength for fifteen minutes and the other half was left untreated.
The sets were then planted in four plots as follows :—

Plot No. I .. Diseased sets 30, stesped.

Plot No. I[ .. Diseased sets 30, unsteeped,

Plot No. IlI .. Healthy sets 30, steeped.

Plot No, IV .. Healthy sety 30, unsteeped.
The sets were planted on the 13th of Decembar 1912. The plots
were chosen in a part of the farm far removed from any standing
sugarcane. The soil was virgin soil’ broken up for the first time
[or this experiment.

Observations. The germination was uniform in all the plots
except No. IV, where only a few shoots came up.

1 This remark does not hold good for the other experiments that follow.
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The first case of smut observed was on 13th March 1913 and
it oceurred in plot No, I

In May 1913, smut was found in all the plots except in No. 111,

No. III remained smut-free till November 1913, when three
snutted shoots were observed in it.

It was not possible to make an exact count of the smuited
shoots in all the plots, yet it was observed that No. II suffered the
most and No. III remained smut-free the longest and suflered
the least.

Remarks. The results of the experiment pointed to the
following conclusions :— '
(1) Infection may be carried in diseased sets, as indicated
by the behaviour of plot No. I
(2) Steeping sets in copper sulphate solution is not, by itself,
sutticient to prevent smut; indicated by the plots
Nos. I and 1.
The appearance of smut in plot No. 1V which had sets from
healthy canes in it may be due either to infection by spores adherent
to the sets or dormant mycelium in the sets resulting from direct
aerial infection by wind-borne spores on parent canes, thoagh the
latter showed no external signs of it.

Experivent No. 2.
1914-1915.

The experiment of 1913-1914 was repeated, using a hundred
sets to each of the four plots as in the following table :

e
i

i No. of
| . Germina. i First < N0
Plot No. Treatment ] 11):;‘1& ]ovf tion ou  |appearance :}';3::{':%1)
| P LS I of smut on | a5
S T SO S
I | Healthy sots, steeped in copper; 27-2-14 | 17 shoots 1 514 | 3
sulphate 2 per cent. strength for | i
fifteen minutes. ] ‘
I | Hoalthy sets, unsteeped | 2o . wsu o2
| |
1 Diseased sets, steeped as above ] 27-2-14 LI ) R R L 2
! )
v Diseased sets, unsteeped ; WAL 08, 4‘ 21-5-14 208
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Remarks.  Steeping was found to retand ge

rmination seriously
and had no effect in preventing smut,

A regular count of the

number of healthy shoots at the end of the experiment was found

impracticable in this as in the other experiments recorded here
owing to excessive tillering ; hence the proportion ol smutted to
healthy shoots could not be ascertained. Yet the figures for smutted
shoots give a clear indication that smut appears to the greatest
extent in those plots which had sets from diseased canes pl;\‘ntetl in
them. It has to be remembered in interpreting these figures that
the germination in the plots Nos. 11 and 1V was much better
than that in the corresponding plots Nos. T and 1[I, When
corresponding  plots only are compared, the infective power of
diseased sets becomes quite apparent. The appearance of smut i
plots with healthy sets in them again suggests infestion by spores
adherent to the sets or by dormant mycelium in apparently healthy
canes resulting from direct aerial spore-infection.

ExprrnveNT No. 3.
1915-1916.

The experiment of 1913-1914 was repéated using a hundred
eyes for each plot and using two strengths of copper sulphate for
steeping. There were, therefore, six plots in this experiment as
under :—

No. of smutted

;
Germina- f

Plot Date of ag‘i)‘:atl shoots on
o 'r ate of 17 N TotaL
No. Treatment planting 1"‘;??-(1"5‘ ance of — - s
T |smuton g 905 12906
I | Healthy sets,v steeped in 13-2 15 ° Tshools M ‘ Nil 5 5
2 per cent, Cus0,. 1
11| Healthy sets, steeped in 13-2-05 1% ,, = 19-515( Nil 0
L per cent. CaS0,. | : |
LIL | Healthy sets, unsteeped .. 13-205 48 | i 19-3 15 L 3 1
IV | Diseased sots, steeped in| 132131 3 , 21415 1 0 1
2 per cent. CuS04 ' i :
V| Diseased scts, steeped in. 13213 ] 3, | 15415 6 JEIN £1
1 per cent. CuS0, ! :
i ! 5013 ! 500 1 i 42
VI | Diseased sets, unsteeped . i B2 13, o D ‘ )
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Remarks. These results confirm generally those of the two
previous experiments. They indicate that the disease is most
surely conveyed through the use of diseased sets. Steeping is
again seen to be ineffective in checking smut and moreover affects
germination seriously. Only three of the diseased sets treated
with 2 per cent. copper sulphate solution came up and one of them
showed the disease. Plot No. III with healthy sets in it has
practically remained healthy without steeping.

ExprriMENT No. 4.
1915-1916,

Objects. To determine if smut spores adhering to the surfuce
of sets are able to carry the disease and also to observe the
effect of copper sulphate solution on adherent spores.

Method. Smut spores were smeared on to the surface of 25 sets
planted in each of the three lines labelled I, IIT and 1V. Sets for
Nos. 1I and 111 were steeped in 1 per cent. copper sulphate solution
for ten minutes. No. 1 was left untreated in any way as a control.

- All sets were selected from smut-free canes (Sanna-bile variety).

i

“\ First J‘ No.];)f smutted
i Germina- shoots on
Plot Wy | Data of | ; appear- |
No. I'reatment \\planting : té‘?ﬂl?,n anca of | ToTaL
‘ smubon | 3815 | 12-2-16
1|Control .. | 13315 |53shouts| 26-15 1 12
11 | Covered witlh spores;| 13-3-15 |28 , 12-6-15 . 1 25 ]
steeped. i . !
m| Ditte ... | 1331503, |166-13 | 5 ver 500| Over 30
1V | Covered with spores;| 13-3-15 |58 , 16615 | 1 l’ractiusil]y every
unsteeped. © +hoot was smutted

: | _

Remurks. There was no indication in the earlier stages of
the experiment that adherent spores carry on the disease but
towards the end' the infective power of adherent spores was
quite clearly shown, practicelly every shoot showing the disense
in plots IIT and 1V and meny in plot 11. Steeping is again secn

! This result is in agreement with that obtained in Java as quoted by Dr. Butler
(loc. cit.).



THE SMUT DISEASE OF SUGARCANE 298

to have no value in the treatment of sugarcane smut, especially as
it has again affected the germination of the eyes. The use of sets
irom healthy canes in the control plot gave u crop practically free
from disease without steeping.

ExpermenT No. 5.
) 1914,

This was designed to verify the deleterious effects of the copper
sulphate treatment on the germination of sugarcane sets indicated
in the other experiments.

Method. Sugarcane sets were steeped for different lengths
of time and in different strengths of copper sulphate solutions
(2 per cent. for 30 and 10 minutes; and 1 per cent. for 30 and
10 minutes). Sets with 100 eyes counted were used for each item
and were planted on 22nd August 1914.

Observations on 16th September 1914 :—

‘Treatment Number of shoots
come up
2 7 for 30 minntes 1]
2 %w " “ . 1
5 w3, 4
14 H
O 1

Ao 0, -
ontrol—unsteeped e . 26

Remarks. Here, again, the deleterious effect of steeping is
noticeable, though the germination even in the control plot was
rather poor.

ExpermMENT No. 6,
1915.

This was carried out in the Seed-testing Laboratory at the
Poona Agricultural College, to place beyond doubt the result of
Experiment No. 5, .

Method. Sets having 20 * eyes” in all were steeped in a solution
of copper sulphate of 1 per cent. strength for ten minutes and
another lot having 12 “eyes ” on them were left untreated as
control. These were germinated on moist sand. The experinent
Was started on 15th March 1915.
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Results on the 26th March 1915 i—

1. Untreated «v All buds germinated ; shoots vigorous, about eight jnche
~ vigorous growth of adventitious roots. !
2. Treatel .. Only three buds showing some life ; hardly any root growth,

A photograph of this experiment taken on the 27th March
iy given opposite (Plate XX). -

Remarks. 'This experiment leaves no doubt as to the
injurious eflect on sugarcane sets of steeping in copper sulphate
solution.

(ENERAL CONCLUSIONS,

The above experiments indicate clearly that the surest way
of getting smut in a orop of sugarcane is by the use of sets from
diseased canes. The cultivators, asa rule, do avoid obviously
diseased canes for planting purposes and this explains probably
why the disease has existed so far only in the sporadic stage. As
an additional precaution, however, it may be suggested that not
only obviously diseased canes but also the whole of the stools which
show the disease on one or more shoots should be avoided for seed
purposes, as they arc likely to contain the fungus though there
may be no external signs of it.

That the source of infection when diseased sets are used for
planting is the mycelimm of the fungus in the tissues of the sets is
indicated by the evidence obtained by microscopic examination of
the tissues of affected canes. Even in hand sections, the myecelium
of the fungus has been elearly made out in the sixth node behind
the apex and it is possible it conld be made out still further below
by more elaborate histological methods. That the fungus can get
into the buds and side shoots of an affected cane isalso shown by the
fact that side shoots of not more than six inches in length [rom
quite near the base of an affected cane already show smut
accasionally and further by the fact that microscopic examination ina
few cases revealed the presence of the fungus in the tissues of the
dormant buds of an affected cane.

Smut generally appears early in the life of the crop, in three to
five months from the planting, when the source of infection is
diseaged sets.



'

PLATE

(°CT-§-£g vo uasjmy ydeaBojoy )

'S}9S HURDIBBNS JO UOHBUILLISB. UC UOHN|OS Jjeyd[ns Joddod ul Buldssis jo Payp3g

st of f rofeys Sop/
wowes dusmy Rt e Py :







THE *MUT DISEASE OF SUGARCANE 295

Infection by spores adhering to sets takes place, but the attavk
in this case does not become obvious till the erop approsches
maturity.

Aerial infection of shoots by spores and the formation of a
Jormant mycelium in them s probable, though the alove
experiments give no direct proof of this. Infection by spores lving
in the soil also possibly oceurs, But these questions can only he
settled by further study.

Steeping in copper sulphate solutions is uscless and worse
still, it affects injuriously the germination of sets.

The practical method of dealing with the disease suggested
from the experiments is to destroy diseased canes whenever noticed
and to avoid diseased stools for seed pwrposes. This alone may
prevent the discase from going bevond the sporadic stage in which
it exists at present.



THE TUBE-WELL AND ITS IRRIGATION
POSSIBILITIES.*

BY
F. H. VICK,
Agricultural Eugineer, United Provinces.

THE climatic conditions prevailing in India, getting as we do,
practically all our rainfall condensed into about 3 or 4 months of
the year, with the remaining 8 or 9 months almost rainless, compel
us to seek artificial means of watering the growing crops during
the long dry period. We, therefore, rightly look upon the irrigation
problem as an important one, and any methods of improvement in
this direction will, T am sure, be welcomed by all who are in any way
connected with the agricultural industry. We all of us then, in this
meeting, start with a lively interest in the subject under discussion.

The tube-well is of many different sorts, but all have the same
object in view, that of tapping the deeper and stronger springs of
water. The kind we are mostly concerned with is of the strainer
tube type, this being the most suitable for catching the percolation
water in the deep sands underlying the whole Gangetic plain of
this province. The ordinary pakka well is seldom sunk more than
30 feet beneath water level, and more often is only from 10 to 20 feet,
so it does not always strike the copious springs of water in the
lower strata. A hole is of course, frequently bored through the
clay bed upon which a well-cylinder rests, thus getting the water
from the first sand or water-bearing stratum beneath. In some
cases, with exceptionally good conditions, such as a thick and
strong clay bed zbove a thick stratum of coarse water-bearing sand,
both being beneath subsoil water level, a very good yield of water

e ———

* A paper read at the United Provinces Co-operative Conference, held at Lucknow in
February 1916.
( 296 )
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is got, enabling a power pump to be used on the well, lifting as much
as 8 or 10 charsas. Such places ate exceptional though, and the great
majority of wells in this province are giving two charsas of water or
less. If at least a six charsa yield cannot be got from a wel] it does
not pay to put in a pumping engine, the increased profit from the
small area irrigated being insufficient to repay the initial cost of
the plant and the running costs. This rule at once places most
of the pakka wells of the provinces outside the useful limit for power
pumps, unless they can be so improved as to cause them to vield
a much larger quantity of water. We will consider later on in
this paper the question of improvement of existing wells,

To return to the tube well. The difference then between it
and the ordinary pakka well is that the former goes deeper, through
successive beds of water-bearing sand, gathering the wuter from
each bed, whilst the latter is shallow and draws its water from one
sand bed only. The tube-well is generally sunk from 100 to 400 feet
deep beneath ground level in this province. This may sound deep
in comparison with the depth of ordinary pakka wells, but in reality
it is not at all deep when compared with similar tubular wells in
other parts of the world. In Australia, for instance, a lot of the
borings are obliged to be from 2,000 to 4,000 feet deep in order to
tap the underlying water, the strata above being all impervious to
water and so being non-water bearing.

Although in this province we get, as I previously stated,
practically all our rainfall in three months of the year, yet we are
especially well favoured by nature with an inexbaustible supply
of underground water, generally at a very moderate depth beneath
ground level, to draw from to tide us over the dry nine months until
the next rainy season. This underground water is stored up in the
sand beds which extend to depths of thousands of fect beneath us,
every cubic foot of sand containing roughly about one-third of a
cubic foot of water. Tt will thusbe seen what an immense supply
of subterranean water we possess. It is not at all likely, so great
is our supply reservoir, that any system of irrigation using more
numerous and larger wells, can start to make an impression on
our supply or even affect to any appreciable extent the subsoil
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water-level.  Aslong as our rainfall remains what it is, an average of
over 40 inches a vear for the provinee, our underground reservoir
will be replenished annually and we need not fear drawing upon ir
to any extent necessary for irrigation. In a 40-inch rainfall
something like 14 inches of water percolates through the upper
strata down into our great natural reservoir and this is over the
whole of the province. We lift for irrigation 6 or 8 inches depth of
water for a rabi season and this only over about half the area of the
province, say equivalent to 4 inches over the whole area. We thus
see that far more water is annually put into our reservoir than we
are ever likely to take out. 1t looks from these figures and
statements, that the subsoil water-level would be constantly rising
until we might sufer from a water-logged soil unsuitable for crops,
hut nature again comes to our assistance and provides a safety valve
to let off the excess underground water, in the shape of numerous
low valleys and river heds which act as great natural drains. Far
more underground water drains off thus than we lift or ever will lift
with extended systems of wells, for irrigation of crops.

Granting then our immense supply of water underground,
we ought to study the question carefully as to whether we are
making full use of this very excellent provision of nature, and when
we compare the fine crops of canal-irrigated traets with the poorer
ones, and sometimes in the absence of winter rains the stunted
ones, of some parts outside canal influence we are bound to
confess, I am sure, that we are not doing all we should be in the
way of water lifting. It is an extremely important matter, as only
about one-fifth of the province is canal irrigated, leaving the other
four-fifths to be watered by lifting from wells, jhils and nadis.
There is no real reason why the crops of this province should not
be as good and as paying in one part as another, whether within or
without the arvea commanded by canals, were we to take full
advantage of our nnderground store of water and employ modern
methods of lifting it on to the land.

, Areas irrigated from jhils and nadis ave small in comparison with
those watered from wells, so in this paper we will only consider the
latter. What then is the best way of tackling the problem of
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irrigation from wells 2 At present with te exisling well
of 8 to 15 bighas are watered round ench good well
irrigate more extended areas we should either w
increase in the number of pakka wells or should require each existing
well to give much more water. The tube-well comes inl
great agent for well improvenient where welly
By sinking a big tube-well in a good existing p
turned at once from a two charsa well into 2 13 or 20 charsy one,
The well should have a depth of water in it of at Jeast 25 feel. to he
suitable for taking tube-well, so a great many wells cannot he s
treated. However, the tube-well is just as useful in vield, and
costs no more, when sunk by itsell as if it is sunk in an existing
well. No matter how difficult the subgoil
tube-well, if sunk, is master of the sitnation. |y some places what
is called a ““ mota  a thick clay bed is not found ot all

s sall arens
sand i order to
anta very large

lere as the
are swtable for it.
akka well. it can he

conditions are, the

at reasonahle
depths, nothing but sand exists to rest he well-evlinder in, for an

ordinary pakka well. Such wells in sand always cause trouble,
The sand flows into the well, which requires frequent cleaning out,
and often the brick well-cvlinder sinks and eracks. At the hoest
not more than one charsa of water can he got from such a well,
A situation like this is especially favourable for a tube-well,
and success can be absolutely relied on with it.

Again in other parts the clay bedsare so thick and deep that
a pakka well cannot, get deep enough, at reasonable cost, to pierce
them and strike the deeper water-hearing sands beneath, even
though a hole be hored in the bottom of well. Here too the
tube-well will succeed, as if need he, it can be carried down 200 or 300
feet until the coarse water-bearing sand is met with

Regarding the cost of a tube-well, it varies aceording to the
depth it has to be sunk. The boring must he continued until
sufficient water-bearing sand is struck to give the requisite quantity
of water, The cost is generally from Rs. 3.500 to Rs. 5,000. This
may sound a high price when compared with that of a good pakka
well costing perhaps Rs. 1,000, but compare the yield of water
and it will then be seen that the tube-well is cheap. About § or 10
pakka wells at say Rs. 1,000 each would have to be sunk in order
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to get as much water and irrigate as much land as one tube-well .
80 you get for Rs. 4,000 in tube-wells what you would have o
pay Rs. 8,000 for in pakka wells. Further than this the price |
mention for a tube-well includes a good engime and pump for lifting
the water, and the use of a power pump will save the strain o
bullocks at lifting water by chersa. The engine also can be used
for other purposes besides pumping. For expressing the juice from
the sugarcane a mill can be used, run from the engine, giving at
least: 10 times the outturn of the ordinary bullock mill. Or a small
flour mill ¢an be run and be made a source of profit. The area
irrigated from one tube-well is about 8 or 10 pakka bighas a day
or a total of 200 to 250 bighas in the season. The cost of the
irrigation will of course vary with the depth from which the water
has to be lifted. Taking 30 feet as the average depth from ground
level to water level, at this depth the irrigation will cost about
R. 1 per pakka bigha for each watering. Giving a rabi crop three
good waterings during the fasl would thus cost a total of Rs. 3
per pakka bigha for the season, a cost which would be recovered
several times over by increased crops due to proper irrigation.

Granted then that the tube-well is useful, and not costly for
its output and utility, what is there to prevent its more extensive
use ? The main drawback is the very small holdings of the
cultivators. A man cannot afford to put in a tube-well costing,
say Rs. 4,000 which will irrigate easily 250 pakka bighas of land when
he has only a few bighas of land himself to cultivate. The remedy
for this is obviously co-operation, a number of men joining together
to own a tube-well, and all getting water from the one tube-well
in turn. This Conference is especially a co-operative one, and I
would like to impress upon those present the very useful work that
can be done by co-operative banks in sinking tube-wells. Success
has hitherto been such that risk of failure may be regarded as
negligible. There has been no single case of failure atall with our
work in this province. .

I am quite sure a tube-well is a sound investment and it is &
form of well which I am certain has a big future before it in his
province, the conditions being so eminently suitable.

e



AGRICULTURAL SAYINGS OF THE UNITED
PROVINCES.

BY
V. N, MEHT4, B.A, 108,

Officiating Deputy Commissioner, Buhraich, Thiifed Prorvinees,

CoLp weather touring is a great institution in these provinees
and the officer who camps with his eyes and ears open will sec and
hear for himself in what a world of elemental hopes and fears the
majority of the ryots move and have their being. They have the
experience of untold centuries behind them and where this
experience relates to agriculture they have for ninemionic reasons,
set it to rhyme. These rough and veady rhymes escape their
lips from time to time and when they hear you support vour
scientific explanations with an old world rhyme tried wisdom s
imparted to it and it is accepted as gospel truth,  On many a wintry
evening have the old men of the village gatheved round the camp
of the present writer and talked to him about agricultursl prospects.
Agricultural rhymes have then accidentally fallen from their lips.
The writer has collected these and others from shagunbichar books
and privately owned manuseripts prescribing appropriate days for
different agricultural operations. One Bhaddar Rishi is the general
spokesman. Sometimes it is wisdom « Ta Sahadeo (the astrologer
DPandava) ; sometimes it is the devoted wife nagging her patient
hushand to do something or forbear from doing something else.

In order that one may profit by this “ wisdom "—full of
empirical generalizations ot ocult pronouncements—a list of T ndian‘
Nakshatras or Lunar Mansions is given below with the names of
the twelve signs of the Zodiac and it has been shown for Samwat
1972-73 for how many days each of these nakshatras lasted. The

( 301 ) ’ 20
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months given are Indian months but their English equivalen:s
which vary will be easily available. There are 12 rashis (signs of
Zodiac) which are divided into 27 divisions called nakshatras,
each rashi containing 2} nakshatras.

Most of the sayings turn on rain—-its normal fall or defect o
excess. The first monsoon nakshatra is Mrigshar and commences
from the Badi 10th of Jeth, 1972.

Indiaon Nakshatras or Lunar Mansions.

!

7
| } Date on which the
|

1 |
Do. (3} S v Y v )
(17) Anuradha Y I Rat ik Soai 13 i { Vidshehak | November LGth,

. i Date on which the | Sign of
Constellation constellation beging Zodiac, :?‘;:‘e&tegdtikﬁ
# (5) Mrigshar (3) .. Jeth Badi 10, 1972 ol ; 1tk
*(6) Ardra .. .. LJeth Sudi & w ! ‘“g];“:)?"?r June 14th.
* (7} Punarvas (§ ) .. Asarh Badi 9 | f :
Do. (} S ‘ 1 or 16
* (8} Pushya Y " Asharh Sudi 7 ot }K‘z:::‘?l;‘, July 1tth.
*{Y) Ashlesha .. . 1 Sawan Badi 8 . h '
* (16) Magha . Sawan Sudi 7 ‘ R
*(11) Purva l’h'\]umn ... | Bhadon Badi 6 Sinh or Leo. | Augast 17¢h.
*{(12) Uttra lel«uul( ) ... 1 Bhadon Sudi 4
Po. o o . 1
* (13} Hasta alias Hathia \‘ Kuar Badi 4 . }K};'lf”:‘:“ | September [7th.
* (14) Chitra (§) - Knar Budi 2 o
| ;
Do. () - i . 17
*(15) Swati 7 Katik Badi 9 }“ﬁ?b‘r’; October Lith.
(16) Vishakha (i) .. | Katik Badi 14 -

(18) Jyeshtha .. ‘\ Aghan Badi 10 or Scorpio.
{19} Mul ! Aghan Sudi 9 15
(20) Porva Asharh .. i Pus Badi 7 ] D'};umnt?:mus December 15th.
(21} Uttra Asharh (1) ... | Pus 8udi 6 f 8 '

Do. [§3] . " .
(22} Shrawan ... * ... | Magh Badi 3 }Mgllil:l(c[om Janaary Hth,
(23) Dhanishta (4) ... | Magh Sodi 3 : P '

Do. () | : ! Rebruary 12
(21) Shatatarka " Magh S0l }“‘I‘!’"f‘“ or | February 12th.
(25) Purva Rhadrapad (3) . 1‘ hagun Badi 14 gnarius, |

|
Do. .. ! :
(26) Uttra Blndlapﬂd ' .. ! Phagun Sudx 12 e }M}:};;:g March I5th.
(77) Revti . \Chmt Badi 12 e ’
{1) Ashwini . Chalt Sadi 9, 1973 . .1 12
(2) Bharni . | i Bysakh Badi 9 }Mf{?:e‘;‘ April 12th.
(3) Krittika (1) .. Bysakh Sudi 8 i ‘
\ 1
Do, (§) L e ) Vi

P . i rishabh or | May 13th.

(4) Rohini ... | Jeth Badi 8 ‘; } Taurus.
|

5) Mrigshar (3) iJeth Sudi6

* Rain nakshatras,
X, B—The nnmber within the brackets indieates the chronological order of nakshatras.
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The moon in the Puranas is represented as courting the 27
daughters of Daksha Prajapati for 14 days each. These nakshatras
are the wives of the moon. It is also believed that thev represent
the ethereal bodies of pious persons after death and therefore thev
are expected to influence the affairs of men here below. The mooh
is the lord of aushadhis or plants and hence his journeys in
the firmament are watched with spesial interest I)vA the
agriculturists. ‘

The seven days of the week are presided over by the following
planets :—

Sunday ¢ o Sun ... Surya.
Monday ... Moon ... Chandra.
Tuesday ... Mars Mangal.
Weduesday o Merewry .. Budha.
Thursday .. Jupiter ... Brihaspati,
Friday oo Venus ... Shukra.
Saturday .. Salurn ... Shanishchara.

For the sake of easy reference these sayings have been abstracted
hiere under three main heads.

(1) Rain prognostications.

(2) Agricultural operations, crop diseases, ctc.

(3) General.

1. Ramv PROGNOSTICATIONS.

(a) Interdependence between weather conditions in winter «and sunmer
on the one hand and rainy weather on the other.

1f on Katik Sudi 11th clouds and lightning are seen in the sky then there will be goud rain
in Asharh.

The appearance of clouds and lightning on Katik Sudi 15tk with Krittika as the nakshatra
foretells four months of good rainfall.

Katik Amawasya falling on Satwrday or Sunday or Thursday n the Swati nakshatra
is an omen of approaching famine.

Rain on the 8th day of Aghan is a good omen indicating copious rainfall during the whole
of Sawan. :

If the Tth of Pus goes without rain then during the Ardra nakslatea the sky and the earth
will be one with rain.

T¢ the Pus Badi 7th is without elonds or rain Sawn Sndi Punam will be a rainy day.

Lightning seen on the 10th of Pus is & happy sign of coming sain during the whole of Bhadon.

If it rains on the iOt-h of Pus Badi it is predieted that there will be a good 1ainy season.

It clouds are seen on all sides on the L3th of Pus Badi {hen Sawany Punam will be rainy.

T¢ alt the four directions are full of wind on Pus Amawasya, you must thatch your cottage

well there will be plenty of rainfall.
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The price of grain will be twiee, thrice or four times dearer according as Pus Amaw.syy
falls on Saturday, Sunday or Tuesday ; if it falls on Monday, Friday or Thursday every i
will be resonant with duleet strains. (There will be plenty of grain.)

1f on Magh Pariwa (bright half) clouds are secn on the horizon and the wind is blowing then
Til (Sesamum ndicum) and Sarson (Brassica campestris) will become dear.

Thunder and lightning on Magh Sudi 3rd is a sure sign that barley and gram seeds will I
dear.  If clouds are seen or if it rains on the 4th then pan and cocoanut will he doar.

Thunder on the Magh Sudi 7th, Pus Sudi 5th and the 10th of Aghan indicates that there
will be four months of good rainfall,

The gentle wife speaks to the husband +—*“If Magh Badi 7th is cloudy and lightniny be
seen, don’t be moody, there will be good rainfall.” (This the present writer thinks refers (o
winter rains or Mahawat and not to the good monsoon rains).

1f the sky is of emerald green on Magh Purnmasi there will be scasonable rainfall.  Une
female friend says to another “if no dew is seen on that day grain will be dear.”

1t is predicted from bright and clear sky in the month of Magh®with Jyestha as pakshat 2
that all the seven staple kharif crops will be produced.

{The seven Kharif erops are i—

Kuri (early rice).

Kakuni (Setarie ilalica).
Mandua (Elusine coracana).
Sama (Panicum frumentacenm).
Makai (Zea Mays).

Kodon (Paspalum scrobiculatum).
Dhan (Oryza sative). ]

If on Phagun Sudi 2nd there be neither cloud nor lightning it will rain well in Sawan and
Bhadon and you will enjoy Tij (Kajri Tij in Bhadon is a gala day for women).

Cattle suffer if Phagun Amavas falls on Tucsday.

It Phagnn has 5 Tuesdays and Pus 5 Saturdays then alas for you, do not even sow yonr
seeds.

If it is blowing from the west on the Holi day the who'e carth will blossom forth ; if from
the east then the rainfall will be erratic, if from the south all the seven grasses will grow season-
ably ; if from the north there is sure to be good rain ; if the wind is blowing from all the four
sides then the ryots will suffer.

Tf there is severe dust storm (rak or ashes) on the $th of Chait and if the 9th is wet and
lightning appears there will be severe famine. The appearance of clonds and lightning on the
10th will be followed by failure of rain; but if the 10th is rainless the monsoon raing will be
plentiful.

If seeds are wetted in Chait, and the petals of the beautiful Butex frondosa (Dhak) are we ashed
in Bysakh and the sun shines at its hottest in Jeth, they forecast good rainfall.

Whatever he the length in Gharis of Chait Amawasya that will be the measure of the sale
of unhusked rice in Katik.

If Revti is wet there will be no rains.

If Ashwini is wet, there will be deficiency of rain towards the end of the scason.

If on the 1st of Bysakh there are clouds and lightning then you can get very little value in
exchange for 20 Jaipuris (old Asharfis).

Bysakh 3rd falling on Thursday augurs well for crops.

Wet Bharni is & bad sign, it will destroy even grasses.

If on the 5th the wind is blowing from the north then Bhadon will be a dry month. If no
thunder is heard on the fth then cotton will be dear. If the 7th ends cloudless there will he 10
rain on earth and no hope will be left. Ghee and ojl will be twice as dear if the 8th f:lls on
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ALaday- 1f on the Tth there are clouds and rain there will be mueh rain in Asharh. If the
20 soes lightning, clouds and dewy precipitation, then all the four months will rain well.
¢h Tth is cloudless and 8th cloudy, Asharh (the principal rain month) will he dusty.  Even
i lakes will dry up if the gth is clondless and there will be no rain.  1f there is a .\.h\mlnl or
watery hala round the moon on the 9th move away your cottage, don’t trust,

Wet Krittika is a procursor of plentiful fall at the end.

1f Krittiks raing grain will be dear, it Mrigshav rains then there will he bumper crops but
il Rohini weeps then dirost famine will follow.

[ Keitrika is dry and Ardra docs not rain a drop Bliadduri is croaking and declares ™ you
Low very well that Navoe will be wrought by famine.”  Thix is just the time for sowing Kh:vif
crops and an'ess the means of irrigation are at hand absence of yain at that time is fatul,

The Moon has 27 companions but if only Krittika sprinkles the carth, eve ything i all
right,  1f there be no wind during Mrigshar and Rohini constellations, if J yeshtha does not hake
(people) all round, then the fair lady (Gouri) will have to stay vut on roads picking ballast stone.

Rohini nakshitra falling on Badi 10th prognostieates that there will be fittle rain and jittle
wrain ; it that day is cloudy and it thunders * you, dear, go to Malwa ™ says the lady and 1 to
(tujerat.” (Malwa in Central India and Gujerat in Wostern India are in )mpulx\r‘ imagination
proof against famines. )

For winter rains it is said that if clouds come on Friday and stay on on Naturday then
Bhaddar Rishi declares infallibly that they will not go away without raining.

Tt is not easy to say what the Bay or the 8. W, Monsoon Current
Juas to do with the N. W. Current well established in Upper India.
But one has to live and learn and ultimately some connection
will be established between the monsoon and winter rainfall.

(b) Bain during the four months of rainfall and its effects on crops.

1§ Jeth Darcwa is hot and the 2nd thunders there is 1o doubt that the year will he agood one.

1t Joth Badi 10th falls on Saturday there will be no water on the carth.

Famine will follow if i6 rains on Jeth Sudi 3d and the constellation happens to be Ardra.

1t Rohini is web and Ardra is windy then sell off your bullocks, there will be no profits in
cultivation. .

If Ardra is not rainy and Mrigshar is without wind Bhaddari declares that there will not
be a drop of rain.

Tf the beginning of Avdra is rainy and Hast is wet at its tail then whatever tax the king
may exact from the tenants the cultivating bouseholdurs will be happy to pay. [The reason
is simple. Early Ardra rains arc required for tive and tail Hast rains for maturing kharif crops
and preparing fields for rabi.]

Bast wind blowing in Jeth is a precursor of dust storms in Sawan.

{f the month of Magh is hot while Jeth is cold and if tanks ac filled up by the first rains
then the poet Gliagh declares “ Better be an ascetic (times will be hard for agriculturists while
the ascetic will get his bread anyhow) because Dhobis will have to wash clothes in water drawn
from the wella (rivers and tanks will be dry).

It Asharh Badi 5th is cloudless the dear one must go 10 Malwa to beg for bread.

"The Bhaddar 9th (Asharh Badi 9th) falling on & Saturday is such 2 bad omen of impending
famine that not a soul will outlive that year.

The Asharhi Punam has thundered and all the seven kharif crops will mature. 1f even

the tip of the temple banmer is wetted that day by rain there will be good times all Tound.
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If the wind is coming from north-cast on Asharhi Punam then, oh cultivator, sow vy
crops on uplands. (There will be plenty of water to inundate low cultivation.) .

If the moon rises cloudless on Asharh Punam, you dearest go to Malwa, there will be acut,
disttess here. .

The wind blowing on the evening of Asharhi Punam in the middle of the sky or from the
east, north or north-east is good. That from south-east, south-west or north-west is very had,

The astrologer declares “ Why are you cast down ? Asharhi Punam ha: thundered ang
all the seven kharif crops will grow.”

If Chitra, Swati and Vishakha rain in Asharh then husbands must go to another country,
oh friend, for there will be a very severe famine.

If Pushys and Punarvas did not fill the tanks then cxpect rain next Asharh,

1t the sun rises eloud-covered on Sawan Badi 5th, then move off your hut from the hank
of the river.

If on Sawan Badi Ath it is blowing, then there will be a famine and birds in anticipation
migrate to other countries.

If on the midnight of Sawan Sudi 7th there is thunder, then you dearest go to Malwa, [
shall go to Gujerat. ’

If Chitra, Swati and Vishakha of Sawan do not rain down, garner grain; it will be worth
twicc as much.

Just as a child iz not satisfied till the mother has served up the food so the soil is never
satiated unless it rains in Magha. The Uttra bas given her answer (in the negative) and
Magha kept her maw shut, times were bad and Chitra gave reply and the situation was saved.
(This is for rabi sowings.)

He who says that there will be rain in Magha, why he will sce fruits on all plantx.

Magha is proclaiming at every field houndary her influence and big and small, all viee stalks
bear cars.

If on the Amawas of Bhadon a rainhow is scen in the west, there is the cry of “alas”

The east wind blowing in Bhadon will make rivers happy and boatmen ply their trade

If east winds blow. during Purva nakshatra, then cven in dry river channels you will ply
boats.

It is bad for Parva to be rainy.

Tt is said ** He who says thal I'urva will rain down all the erops will be eaten by worms.”

If it raing well in Uttra there will be such a humper crop that even dogs will not cat the
superfluous outturn.  [In the western districts it is not necessary to have much rain after
Uttra. Kharif crops have already matured and rabi soil is cooled down. However where
there is transplanted rice Hast rains are wanted ]

Oh rice—you get hands and feet in Hast, in Chitra you get flowers and when Swati is coming
on, you are spreading like a flowing robe.  If Magha rains well, nothing more is desired. 1f not
then you might wring your hands.

1f Hast is rainy then wheat will grow up to the chest. [Hast rains cool the soil and i the
moisture is well conserved by good tillage and producing a mulch at the top wheat will grow
even without much subsequent jrrigation.] .

The clephant (play vn the word Hast) has wagged his tail and the Jowari crop has been
ripencd without any more ado.  (This especially refers to parts where September rains are mest
prized for maturing the kharif crops and caoling the ground for winter sowings.)

If it rains in Hast three crops prosper, Rice (Shali), Sugarcane and Urid (Phestolut
radiatus). If it rains hard in Hast three crops are ruined—Til, Kodon and Kapas.

If it rains in Chait three crops are spoilt, mothi, pulse (Urid),-and sugarcane.

If there is rain in Swati and Vishakha neither will there he spinning nor will the music of
cotton carding be heard.
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A small fall in Swati (not a heavy and continuous dawnpour, otherwis
wharifs will be ruined) is s0 beneficent that Kurmis (eultivators)
1f it rains in the middle of Pus the wheat plant will vield ha
its weight of straw. It will be a splendid crop,
Without Tula (sun entering Libea) rice cars wil) min appear,
If the castern wind biows without ceasing and the widow puts oy amaments, s sire i
anything, there will be rain and she will feed peaple ast ray.
Thunder in the south-west pramises an carly rainfall
Rainfall will be plentiful if there is lightning tow
Etawah District.)
Partridge-coloured clouds with collyrium-like streaks on Hiem
vood rainfall

Cvetton and dry
Wil put on goliden Tanglos,

W it weight of grain amd half

ards Rampilya,  (Phis proverh e of

indieate that there wifl e

1f gusts of wind come like a hopping partrid,
rainfall.
Food rainfall is also predicted if water gets warm |

g then Bhaddar deelaves (here will he gool

w keeping, hisds waliow in dusl, and jf
ants migrate with their cggs.

It the moon is clondy and the day i ot with sun and the ove hrisht wiel, stars bdieve them
as sure signs of famine,
If clouds start coming on Friday and Lank upon Saturday there wil
Crows cawing at night and jackab howling by day prognnsticate ()
he famine.

strely he pain,

att there will cortainly

Rains when cotton is nearly ripe ruin the crop.
1f the wind blows properly from south-west then you will got plenty of water a1 home,
[This south-west wind is also called Bamura and Banda.}

1£ clouds overtake elouds o the harizon then Bhadduri declars that yainy i imminent.
The howling of jackals during the day and the flowering of Faas wemd give 1o hape of rain,

(Runs is flooded out and Killed by goud rainfali hefure it flowers)

The Moharram which is associuted in populer mind  with
birying of the old and the resurrection of fresh life hus Wterwoven
its importance into the lives of cultivators. be thev Mindus or
Musalmans, and therefore the fall of the 3vd of Molwrram on anv
particular day of the week is carefully watehed to draw omens rom.

If the 3rd falls ou Sunday, then there will he good rainfall pain cheap wnd
bumper crop of sarson (Rrussica campestris). Trees will bear many fruits, wheat will be
good, sesamum and grass plentiful and mileh animals will prosper. Only eotton will be poor.
But if the 2rd falls on Monday there will be half the normal raiufall. Grain uillj Infnw\'vvl‘,
be cheap, sesamum and cotton good and rugarcane plentiful. 1 it fallson Tuenday it will lying
on unscasonable rainfall and famine. Feuits will be Blown off uneipe. Sesuuns, sugateuie
and eutton will be scarce.  Servants will leave their mastors and parents their ehiliren. Locasts
will come. It the 3rd of Moharram falls on Wednesday, Til, Gehun {wheat) and Ganna (‘él'b’ﬂf-
cane) will be dear, but there will ¢ plentiful melons and Jocusts. e sane evenl cufmng on
Thursday will give plentiful rins with good cops but the winter will he very colil lf it Cﬂmv;
on Friday, grain will be cheap, there will he plenty of witk and « bumper ('I‘tvplul .\»hmt.] i}
the 3rd falls on Saturday, cattle will die in great numbers, [These prognostications about
weather ate given out by one Fateh Ali Bhaddari of Azamgarh Districet. |

(To be continued.)
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Mixed crops. The Indian custom of growmg gram and wheat
together as a mixed crop is well known and bas often been
described in the literature. The practice is particularly common
on the black soils of Peninsular India and also in the tract comprised
by the Western Districts of the United Provinces and the Eestern
Punjab. The advantage in mixing the crops is generally considered
to be the insurance obtained sgainst an entire failure of the harvest
in years of short moisture. Under such conditions, the deep tap
root of gram Is supposed to reach the lower layers of the subsoll
and to abstract moisture therefrom.

The mixture, however, has another advantage and this is
concerned with the nitrogen supply. On the black soils of the
Peninsule, it is exceedingly probable that denitrification is common
during the monsoon phase, and that the amount of available nitrogen
is small at the time when the rabi crops are sown. In November
and December, the wheat crop in this region looks very thin and pale,
and the foliage is wanting in that robust appearance charecteristic
of wheat grown on land moderately rich in available nitrogen. I
the supply of nitrogen is limited, it would obviously be a great
advantage to the wheat to be grown mixed with a crop like gram
which is able to make use of atmospheric nitrogen and so relieve the
pressure on the combined nitrogen. A similar state of affairs existsin
Northern India. The marked response of wheat to organic manures
on the somewhat sandy loams of North-West India, where wheat and
gram are grown together, indicates that here too it would be an advant-
age to limit competition for the nitrates dissolved in the soil water.

An interesting confirmation of these ideas has just been obtainel
in the Botanical Area at Pusa. Of late yeers, 2 number of ncw
wheat crosses have been worked out between Indian types of hih

( 308 )
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spain quality‘and mst.-resista.nt, strong-strawed English kinds. The
workis now in the sixth generation and new rust-resistant forns
nave been fixed with exceedingly strong straw and vigorous
rooting power. These withstand wind, retain their erect habit up
to ripening time, and stand out in strong contrast to ordinary
{ndian types which ahways lean away from the prevailing wind.
The single plants of these crosses were sown as uswal grain by grain
in October 1915 in small plots of three lines each and the cultures
were separated from each other by a line of gran. The fiell was
therefore a mixed crop of wheat and gran: in the proportion of three of
whest to one of gram, o mixture, as regards the relative amounts
of the two constituents, not unlike that often met with in practice.

As the wheat ripened, a curious phenomenon disclosed itself
all over the culture field. The outer lines of wheat of cach plot
next to the gram were distinctly taller then the middle line and
appeared to be more vigorous, These lines were growing in soil next
to the gram and therefore would be expected to obtain more nitrogen
than the central line of each wheat plot, At harvest time, weighings
were made of the seed of 20 plants taken from the middle line of
plots and {rom the corresponding outer Jine next to the grent. The
first of these plots was about the centre of the field where the soil
was not very fertile. The second was towards the southern end of
the culture field where the natural fertility was considerably greater,
due to accumulations of silt formed by the natural terracing of the
fiold. Core was teken to select icpresentetive samples of the
whole. The results were as follows, the weight of the sced of 20
plants being expressed in grammes :—

Row next to : . Percentage
gram i Toside row increase
b i i
! ! o "
1 \ 1184 [ 18 | 63
2 \ 2020 L 212 ‘ 25
Total l 180-4 ‘ 3497 Average 15

The total difference in favour of the wheat next to the gram is
therefore 1307 grammies and the average increase is 45 per cent.
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Weighings were next taken of the grain of the whole of tj.
outer and inner lines of two cultures from the southern end of tl,¢
field. The results, in gramines, are given in the next table :—

! Outer row I Inner row [ Outer row
1 l 594 470 633
2 } 661 548 621
Total | 1,25 1,018 1 1,236

In the first case, the average increase of the outer lines above
the middle line is 145 gramines or 30 per cent. In the secomd
case, token from the most fertile corner of the culture field, the
average increase ls less, namely, 93 grammes, or 17 per cont.
It will be observed that, in all cases where the soil, judged by the
vigour of the wheat crop, was richest, the difference between the
yield of the inner and outer rows is less. This fact supports the
explanation that thesc differences are due to the nitrogen supply
of the wheat. Taking all four determinations together, the average
increase in grain production of the lines next the gram 1s 34
per cent. above that of the middle line of cach plot. The figures
indicate quite clearly that there is a marked advanteage in growing
mixed crops of gram and wheat on soils where combined nitrogen
is a limiting factor.—[A. Howarn],

: P

The effect of Sulphur on erops. Attention was drawn in Apuil
1914 in a note in Vol. IX, Part 2 of this Journel, to certain
observations on the effect of sulphur on crops, and it was suggested
that it would be worth while testing the effect of sulphur on soils
where it had not been previously tried. .

In 1915 such tests were made on the Ranchi Farm, quantities
of sulphur from 10 ‘to 40 Ib. and gypsum containing some 30 Ib. of
‘sulphur per acre, being severally applied to a large number of plots
of groundnut.

The effect was in every case very remarkable, the gypsum
producing an average increase of 8 maunds per acre of groundnnt,
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and the plots to vx.rhich sulphur or gypsum was applied being very
much more luxuriant than the contrel plots. .

As far as could be judged by appearances, 10 1. of sulphur
per acre produced as much eflect as 40 Ib., hut the larger quantitios
gave slightly larger yields of nuts.

Twenty pounds of sulphur per acre applied to rape also produced
a remarkable effect, the crop being very much more luxuriant and
continuing to flower for quite a fortnight longer where tle sulphur
was appled. A

In a paper in the Journal of Agricultural Research (Vol. V,
No. 16, of January 17th, 1916) Walter Pitz, Assistant Agricultural
Chemist of the Agricultural Experiment Station of the University,
Wisconsin, shows by pot experiments with two soils, that sm;ﬂl
quantities of calcium sulphate may increase the growth of legume
bacteria and the vield of red clover—an increase which is accom-
panied by a greater root development and an increase in the number
of nodules. The smallest proportion of calcium sulphate used in
his experiments would, however, even if caloulated only on the top
4 inches of soil, connote an application of more than five times the
largest quantity used per acre in the experiments st Ranchi; awd
it would seem probable that, in laboratory experiments with
sulphur, increments of the order of 0-001 percent.of the weight of
soil would give more useful results than increments of ten times
that magnitude.

The Monthly Bulletin of Agricultural Intelligence and Plant
Diseases for December 1915, contains (p. 1629) an abstract of a
paper by F. C. Rimes, Superintendent of the Southern Oreyon
Experiment Station, on the effect of sulphur on alfulfa at that
Station.

Many references are also given to previous papers on this

subject.—{A. C. Dosss].

***
AN interesting note by Mr. Barnes, Agricultural Chemuist,

Punjab, has been received dealing with the mineral constituents of

cotton lint. It arose from the supposed adulteration of raw Chiniot

cotton by the addition of earth salts toincrease the hygroscopic
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properties and the investigation of such a possibility led to the
discovery that the inorganic constituents of this cotton fibre were fa,
more variable than had hitherto been supposed and the large
percentage of magnesium chloride it contains seems likely to seriously
affect the reaction of the fibre to dyes.

We quote Mr. Barnes’ summary ¢n exfenso as it points to another
factor which will have to be considered by the grower, breeder,
and buyer.

*“ There appears to be no evidence of the reported practice of
salting the cotton to increase its water holding capacity. Mr. Arno
Schmidt reports that he has seen watering of raw cotton actually
taking place, but this is a crude form of sophistication, and will
certainly lead to deterioration of the fibre and cannot hut
come to the notice of the buying agents of exporting firms in
India. Tt will thus rebound immediately on the persons
practising this fraud and can be dismissed from the gcope of this
enquiry.

“The complaint of Messrs. Volkart that the Chiniot cotton
contains an unusually high percentage of magnesium chloride seems
to be true, but we do not think that this substance has been
artificially added, for the analysis of sample No. 53 shows that it
compares with other genuine samples in the amount of water and
mineral matter which it contains. The assumption that cottons
grown on saline soils will produce a fibre more heavily impregnated
with mineral matter does not seem to be justified by the results, for
alkaline soils ate much more prevalent in the Punjab than in Bombay.

“ The total amount of ash material in cotton fibre seems to have
been under-estimated by previous workers who seem to have assumed
that this was largely due to foreign mineral matter in the form of dirt
in the baled cotton.

“The presence of highly varying quantities of silica especially
seems to have escaped aftention. I am inclined to lay considerable
stress on the established fact that genuine cotton fibre may contain
upwards of cne per cent. of ash, and that the composition of this
ash is variable and variable to a far greater extent than has hitherto
been supposed.
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“There is little doubt but that this will seriously affect the
reaction of the fibre to dyes—how far it will afiect the tensil strength
and keeping qualities of the fibre vemains to he shown. It s
evidently a factor which both grower and breeder must take im(')
consideration, namely, the nature and quality of the mineral salts
taken up by different varieties of cotton grown in the same soil,
and under the same conditions, and how far elimatic variation will
offect this, as well as the effect of these mineral constituents on the

" commercial value of the fibre.”

Abortion Baeillus. The remarkable discovery of (i
Schroeder and W, . Cotton on the persistence of the abortion
bacillus in the milk of cows, and particularly the demonstration of
the fect that in one case it was eliminated from a eow’s milk for fonr
and & quarter years, is a most interesting contribution to what was
already known concerning the hacillos.  As far as our preliminary
investigetions have gone in this direction, we find that the
bacillus is present in the milk of cows in the herds we s1e using
for our work, and fhis milk injected into healthy guinea-pigs
docs produce pathological lesions end death.

We collected in November last vear & number of semples of
milk from cows which were known to have aborted. Utmost
vegard was given to asepsis in order to ehminate oIl possibilities of
extraneows contamination. Sterile tubes were filled by squirting
the milk therein from some distance. With this wille guinca-pigs
were inoculated intreperitoneally with quantities from 5 to 15 cc.

Before injecting the milk wes waymed to prevent shock. We
find that guinea-pigs can accommedate lorge quantities of milk
without any discomfort. Workers in this laboratory have used
as high as 30 ce. without untoward results.

The first guinea-pig died on the thisty-sixth dey following the
infection, the second on the forty-fifth day, and several between
this Jater period and the fifty-sixth day. Post-morten examinations
of these pigs revealed the characteristic enlargement of the spieen.
The lymphatic glands presented signs of degeneration. The liver
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was enlarged, with whitish spots throughout its substance. In
some of our guinea-pigs the characteristic changes in the organs
were not so pronounced as recorded by Schroeder and Cotton, but
this may have been due to the cold quarters reducing the vitality
of the small animals, so that they died before any great degenerati\:e
changes had taken place. Further, our organism may be of a greater
virnlence. In all our autopsies the clinical lesion in the spleen was
taken as suggestive of infection, and it was from this organ that our
cultures of abortion were obtained. Spleen pulp spread over the
surface of the solid tube media gave excellent growths in reduced
oxygen. The bacillus obtained in these cultures possessed more
rapid growing qualities than those obtained from material in the
original host (the placenta and uterine contents).—Report of Veteri-
nary Director-General, Canada.

*
* %

Root Pruning. This operation is performed in the case of
those fruit trees which make a free growth, but produce little or no
fruit. This cperation also requires skill and experience. To do this
properly, dig a trench in winter 3 feet deep around the tree and
about six feet away from the main stem. Any root met with while
digging the trench should be cut back to its inner side. If only few
roots are met with at the above-named distance from the main stem,
then dig gradually eloser to the latter all around until you reach
a point where root growth is profuse. Then cut off all the main
roots to be seen with a sharp knife. When this has been done, mix
the turned out soil with one or two dozen baskets of manuie and
return it to where it was taken from.—The Fruit Garden in
India.
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The Milk Problem in Indian Cities. By Lemurr L. Josur, B.Sc.,
M.D., Municipal Analyst, Bombay. Published by Messrs. 1.
B. Taraporevala Sons & Co., Bombay. Price Rs. 5,

It cannot be said that this work is an addition to the literature
on the question of milk supply in the East as it really is the beginning
of reliable written records and conclusions on the all-important
subject of the milk supply to Indian urban communities. Dr,

. Joshi has a wide experience of the subject from the public health
point of view, and although to some extent he deals with the technical
or dairying side of the question the beok cannot be regarded
as & work on.dairy technology, but rather as a lead for the educated
public in general, and those engaged in safegnarding public health
in particular, on the milk question in cities.

The pictare which Dr. Joshi draws of the present condition of
the dairy industry in India corroborates the findings of the Board
of Agriculture at their Coimbatore meeting, and in no way does the
anthor overstate the case heve. After reviewing the present condi-
tions of city milk supply, Dr. Joshi goes on to describe what he
considers to be the reasons for the exiscing deplorable vondition,
and then he suggests certain remedies. The conclusions drawn as
to the cause of the existing state of affairs are sonnd generally, and
Dr. Joshi classifies remedial measures under three heads: -

(1) Economie, educational, and general measures.

(2) Sanitary measures.
(3) Legishtive control.

In connection with (1) the author materially gives prominence
of place to the breeding, rearing, and tending of a dual purpose
( 35 )
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cow for India, or in other words, a breed of ox of which ti,
males will be suitable for draught and the females for milk
production.

The question of improved-feeding, housing, and general care
of the animal is fairly fully dealt with, and the difficult problem of
the organization of cow-owners for the purpose of selling their
produce and generally applying modern business methods to the
industry s discussed. Co-operation is recommended as a means
of solving this end of the problem, and it is a pity that Dr. Joshi did
not give us more details as to how such co-operation might be
applied in India. Throughout the work he quotes freely what has
been done in other countries, and he might well have given more
particulars of how co-operative methods have been applied to the
needs of the dairy industry, especially city milk supply, in Europe
and the Colonies. Not only so but the knowledge and experience
Dr. Joshi exhibits throughout this work would well enable him to
enlighten us’as to how foreign co-operative propaganda could
specially be applied to Indian conditions. Various measures to be
undertaken by the State in the direction of educating the cow-
owners and the public are discussed, and the author’s suggestions
here generally follow the lines of the recommendations of the Board
of Agriculture.

Dr. Joshi rightly believes that the economie, sanitary, and other
measures advoeated should take precedence of legislative action,
but he regards the latter as a necessary corollary of dairy educative
propaganda. His recommendations as to the fixing of standards
of quality are in the main sound, and the difficulties of differentiating
between cows’ and buffaloes’ milk and fixing standards applieable
to both are dealt with. The question of estimating the cleanliness
of milk by its bacterial contents is very fully discussed, but although
the author is cautious in his recommendations as to-fixing standards
of bacterial contents, here the practical dairy expert will not follow
him, until it is more cleatly established that the figures given as
quantities of germs present in given quantities of milk are really
what they represent, and until this fact can be readily demonstrated
* to the ordinary well frained dairy manager,
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On the whole, the work 3s a sound treatise on an all-important
subject, and the conclusions drawn by Dr. Joshi wight with
slight modifications be taken asthe basis of daire veforn lere.
[W. 8. ‘

* ¥
*

Well Waters i.rom the Trap Area of Western India. By Haroro H. Many,
D.Sc., Principal, Agricultural (“nllegc‘. Poona . (Department. of
Agriculture, Bombay. Bulletin No. 74 of 1915). Price As. 6
or 7d.

[NDLA s at times visited by severe droughts which o flect
considerable tracts of countrv, and cause much distress to the
agricu]tural population.  Government tries to render the work of
the cultivator as far as possible independent of the variations of the
seasen by the provision of suitable irigation fucilities. By anieuts
and canals fullest advantage is taken of the waters in many of the
great vivers, Iriigation from wells is also made use of to &
congiderable extent and has the &dvantage of being theap enough
to be within the means of the cultivator. ’

In Westetn India, except for a comparatively sinall area. served
by canals and tanks, almost the whole of the irrigation is conducted
from wells. The total number of wells is enormous and they are
a very important factor in the agriculture of the country.

The problems presented by well-irrigation are henge worth a
closer investigation in their chemical. geological and engineering
aspects than they have received in the past. . Mann's paper
is therefore very welcome.

In the trap area, the water in a well is almost alwavs wiat
may be termed  fissure water,” that is to say, it ix not a generalized
subsoil water which is tapped, but water flowing im definite fissures
in & definite direction. In digging a well one has to take his chance
of meeting a fissure containing flowing water. This makes any
attempt at digging an ordinary well by tube boring or by any other
means. of digging a narrow trial hole, of very uncertain value,
unless the presence of water has been made fairly certain

beforehand,
21
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The above is, of course, the general case. But there are a con.
siderable number of enclosed valleys even in the typical trap areq
where there is a generalized underground water supply over 4
limited area. ‘

Analyses of typical well waters are given by Dr. Mann.  Atten-
tion is drawn to the fact that the application of certain well waters
makes the soil very impervious to water and hence very hard and
difficult to wet. In such cases the waters contain a large quantity
of alkaline hicarbonate and a small quantity of other sodium and
potassium salts. If chlorides or sulphates in larger quantity aceom-
pany these alkaline bicarbonates, they are relatively innocuous;
but if the bicarbonates of the alkalies are present in quantity greater
than the chlorides, they are injurions. The actual effect seems to he
a destruction of the tilth of the soil owing to a deflocculation of the
colloid clay material so that on mixing with water the solid matter
remains suspended for practically an indefinite period.

As tc¢ the amount of dissolved salt in the water which wil
render samples of water unsuitable for irrigatidn, 1t has been found
that, so long as these do not contain a large excess of alkaline
carbonate or bicarbonates in excess of the amount of lime salts
and of the chlorides and sulphate, well waters are useful for
irrigation until the amount of salt reaches 200 parts in 100,000
(or 0°2 per cent.)

At Dhulia a systematic study has been carried out to ascertain
to what extent the character and quantity of salts vary at different
times of the year in the same well. The extraordinary constancy
in the composition shows that the water which is drawn up from
rock fissures in wells Jike that at Dhulia is not surface water, but
represents the tapping of a very considerable underground water
reservoir, This might have been also concluded from the fact
that the supply, though diminishing in the hot months, never
ceases. '

An examination of the waters of some wells near Surat proved
the interesting fact that in this part there is not a general reservoir
of subsoil water. The water differs in composition and depth i
different wells within a short distance from one another. When
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a well is emptied the water usually flows into it chiefly, if not entirely,
from the eastern side. ’
Nearly all the wells in this part of Gujatat are somewhat sals
due to a continual seepage from the sea. During the famine years
(1896 and 1900) the sources from which the wells in Gujarat are
usually supplied were dried up and many of the wells gradually
became salt. Many have remained so, and useless ever since : others
have gradually after several years become sweet again. This can
only be the result, it seems, of sea water coming in, when the fresh
" water current from the Fast, which usually kept it back, failed.
The effect of short rainfall in Gujarat on the character of the water
in the wells is thus serious and the permanent effect of a long drought
may not be limited to its action on eattle and men. Lt follows
also that there is much danger in utilizig too great a proportion
of the water available in such wells, and the haphazard use of well
water for irrigation purposes ought to be put a stop to.
‘ The author is to be congratulated on this excellent work and
the results of his further studies will be awaited with considerable

interest.—{J. S.1.

¥ %
%

A Soil Survey of the Guntur Delta. By W. H. Harrrson, M.8c., and
B. ViswanaTh, Bulletin No. 70, Department of Agriculture.
Madras. Price R. 1-8 or 2s. 6d.

THE importance of a systematic study of the field differences
in soil is recognized by all interested in agricultural work.  Not
only is the result of the soil survey of a locality of great help to the
practical farmer, but it also is of use to a wider public inas mneh as
it furnishes an important [actor for the determination of land
values,

Dr. Harrison and his assistant have just published a second
instalment of the result of their survey of the Madras soils, the
first referring to the soils of the Tanjore delta ( Bull. 68). The present
work deals with that portion of the delta of the Kistna river which
lies in the Guntur district and is under the Kistna irrigation project.
11 samples of soil were collected from typical fields whose recent
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manurial history could be obtained and which are under padds
cultivation.

The results of *the analysis, which consists of the estimation
of lime, magnesia, nitrogen and total and available potash and
phosphoric acid, are entered in a table and also shown graphicallv
in maps of which there are many.

A study of these maps is very instructive and serves as a guide
to the manumial requirements in different areas.

It is seen that the nitrogen content of the delta soils is low and
the introduction of special manurial methods with the object of
rectifying this woull lead to great benefit. It is further seen that
the effect. of the river silt profoundly modifies the manurial character
of the soil of the delta. The silt of the Kistha river is rich in Hme
and magnesia and total potesh and phosphoric acid, and therefore
.it would be expected that the soils which come under its influence
would materially differ from those not affected. Thus it is found
that the coastal solls and those in the centre of the delta are generally
clearty demarked and are of the poorest quality. This fact would
appear to furnish an argioment in favour of the conservation of the
river silb.—{.I. 8.]
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LEATHER, V.D., Ph.I., F.1.C. ; and JATINDRA NATH MUKERJEE, B-A., B.SC
Price, R. L or 13, 62. . :

The Systems—(A) Water, Magnesium Carbonate and Carbonic Acid, (B)
Water, Calcivm Carbonate, Magnesium Carbonate, and QCarbonic AuQ.
by J. WALTER LEATHER, V.0., Ph.D,, F.LC,; and JATINDRA NATH SEX,
M.A. Price, R. 1 or 1. 64. .

Studi;;s 8; an Acid Soil in Assam, by A. A. MEGGITT, Bsc. Price, R. 14
or 22, 64. )
The Gases of Swamp Rice Soils, Part II. Their Utilization for the Aeration

of the Roots of the Crop, by W. H. HARRISON, M.se.;and P. A, SUsks-

MANTA AIVER, B.A. Price, R.1or 15, 6d. . 9 oi 3
8oil Temperatures, by J. WALTER LEATHER, V.D., ¥.1.C. Price, Re. 2 ot 55
Soil Gases, by J. WALTER LEATHER, V.D., F.LC. Price, R. 1-8 or 2s. 64.

The Gases of Swamp Rice Soils, Part III. A Hydrogen-Oxidizing Bas-
teritm from these Soils, by W. H. HARRISON, D.sc.; and P. 4
SUBEAMANIA AIYER, B.A. Price, As. 120r 15,

Some Factors affecting the Cooking of Dholl (Cajenus indicus). i’ly]
B. VISWANATH, T. LAKSHMANA ROW, B A,,and P. A. RAGHUNATHSWA
AYYANGAR, D.A. Price, R. 1 or 1s. 6d.

Vol. IV, No. VI. The Insects attacking Stored Wheat in the Punjab, and the Methods of

combating them (inclnding a Chaster on the Chemistry of Raspil'aﬁ"?]‘
by J. H. BARNES, B.gc., F.1C. ; and A, J. GROVE, M.sc. (In the pmﬁg'
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Studies in the Chemistry and Physiolog,
les 3 X oy of the Leav Vi
(g’zpm ?stlg) and of the Commercial B]eachingen;fekg{et\}—‘si}z:tﬂe:\!w
art II. by Harotp H. Maxy, 0.sc.rand V.G, PAYWARDHAN o
Price, R. 1 or 15, 64. ' ARURAN: BAg:
The Gases of Swamp Rice Soils, Part IV, The & 3 3
e o W H, ice Soil. V. The source 9( the Gaseons Soil
o ves) ¥, n.se.: and P. A, SUBRAMANIA AIVER.

ENTOMOLOGICAL SERIES.

The Bombay Locust (devidium succinetm Linn.), A r i

: s 't on the investiga

e oot 130304, by H. MAXWELLLERGOY,  on stig

Price, Rs. 2.8 LEEROY,  M.a., Kb, K

The more Important Insects injurious to Indi y ;
MAXWELL-LEFROY, M.A., F.E.8., F.Z.5. P;~;L;:al'?‘s_ ‘?;“"(‘8,],'[',',}",,,.’;’,; )"‘

"he Indian Surface Caterpillars of the Genus Agrofi ) '

3 Agrolis, by H. MAXWELL-

L¥FROY, M.A. F.ES, F.Z8; and O C G i )

(Out of ;lri"i-) d C. Guosn, B.a.  Price, I, 18,
Tndividual and Seasonal Variations in Helopeltis Theivor

A na pedtis Theivora, Waterhoun

with description of a new species of Helopelli r

e Price, R, 15, peltis, by Harotb H. Mawy,

The Coccide attacking the Tea Plant in India and Ceylon, by K. ¥

K B

GREEK, F.ES., F.2.5; and Harotd H. Many o Frio, 1 1.

(Out af’}win!.) ANX, Dse Price. R, 1.

The Mustard Sawily (4 ékalia procing, Klag), by H, Maxw ROV
M.A,. F.KS., F.Z5 cand O C. GHOSH, BA. )Priyce. R. IA\(“UT:‘JZ;J;::::;‘)

The Rice Bng (Leptororisa caricornis, Fabr.), by H 3 RO Y
WA, FES, F.25. Price, K1 v by H. Maswkli-Lesrov,

Remarks on Indian Scale Tnsects (Coecider), P 0 B, GREEN
e fzas, | Price, I, 15, ), Part 1L, by B. E. Grekx,

The Red Cotton Bug (Dysdercus cinqulatus, Fabr.), by H. Maxwg
LEFROY, M.A., F.ES. 25, Price, R ’(Out]a}'prgn&.)' VAN

The Castor Semi-Looper {Ophinse medicerie, Dr.), by H. MaXWELL-
LEFROY, M.A., B.ES, B.L8. Price, Re.2 (Out of prind)

The Tobacco Caterpillar {Prodenia uttoraiis), by H. MaXweLl-Levroy,
\,A4., F.ES, F.2.5. Price, RIS (Out of print.)

The Cotton Leaf-Roller (Sylepta derogata, Fabr.’, by H. MaxwetL-LErRoy
MA., F.ES., F.2.8 PriceR. 1.8, (Out of print) '

Notes on Indian Scale Insects {Coccide). by H. MaXWELL-LEFROY, M.4.
R.ES., .25 Price, R U8, (Out of print.) '

Life-Histories of Indian Insects {Coleoptera~13, by H. Maxwert-Lurnoy,
\LA.. F.BS., N.%.8 Price, Re. 2

Life-Histories of Indian Tnsects—LL.  Some Aquatic Rhynchold and
Coleoptera, by D. NOWROJEE, B.A. Price, B, 18,

Life-Histovies of Indian Insects—111. The Rhinoceros Deetle (Oryctes
shinoceros) and the Red ov Palm Weevil (Rhynchophorns Jervugingus),
by C. C. GHOSH, B.A. Price, Ra. &

The Food of Birds in India. by C. W, Masox, M.S.EA edited by H.
MAXWELL-LEFROY, M.A., F.ES,, F:2.5 Price, Rs. 7-8.

Eri Silk, by H, MAXWELL-LEFROY M4, F.ES, r.z.5. 3 and ¢, C. Gitost,
g.a. Price, Re. 3

Tetrigine {Acridiine) in the Agricultural Research lustitute, Pusa,
Bihar, with descriptions of new species, by J- b HAKCOCK, P.ES,
Price, B, 1.

Tha Big Brown Cricket (Brachytrypes achatinus, Stoll), by C. C. GHOSH, B.A.
Price, R. 1.

Life-Histories _of Indian Insects—IV  (Bymenoptera), by G, R. DuT,
8.4, Price,Ra. 2,

Inquiry into the Insecticidal action of some Mineral and other Compounds
on Caterpillars, by H. MaxwELL-LEFROY, M4, FE8, PLS and R, 8.
FINLOW, BSc.  Price, B. 18,

The ** Psylla " Disease of Tudige, by A. J. GEOVE, M.8C.3 and C. C. GHOsH,
B, Price, R, 1§ or 25 Bd.

Life-Histories of Indian Insects—\. Lepidoptera {Butterflies), by C. C.
GHOsH, B.A. Price, Rs, 28 or: L9,
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BACTERIOLOGICAL SERIES,

*f, No. I. Studiesin Bacteriological Analysis of Indian Soils, No, 1,1910-11, by C. M.

HUTCHINEON, B.A. Price, Rs. 2.8.
I, No. II. Rangpur Tobacco Wilt, by C. M. HUTCHINSON, B.A. Price, Ra. 2.

I, No, III. A New Nitrite-forming Organism, by N. V. JosHI, B.A, B.Sc, L.ag.
Price, R. 1 or 1a, 6d.

I, No. IV. Azotobacter and Nitrogen Fixation in Indian Soils, by J. H. WALTON
B.A., BS¢, Price, R. 1 or 12. 6d.

I, No. V. Bacterial Rot of Stored Potato Tnbers, by C. M. HUTCHINSON and
N. V. JOsHI, B A., B.5C., LiAg. Price, R. 1 or 15, 6d.
I, No. VI. Bdkhar—the Indian Rice Beer Ferment, by C. M, HUuTcHINSON and C. §.
RaM AYYAR, B.A. Price. R. 1 or 15, 6d.
.

. VETERINARY SERIES,

I, No. 1. Anaphylaxis in the Larger Animals, by J. D. E. HOLMXS, M.A., D.sec.,
M.R.C.V.8. Price. Rs. 2,

1, Ne. IL Salvarsan in the treatment of Surra in Horses, Dogs, and Rabbits, by
J. . E. HOLMES, M.4., D.Sc., M.R.C.V.8. Price, R. 1-4.

I, No. IlI. Some more successful Expenments on the treatment oi Surra in the"
Camel with r tions for Sy tr by A. S. LBEsE.
M.R.C.V.8, Price, R, 1.

I, No. 1V. On_the Immune Bodies occurring in Anti-Rinderpest Berum, and on the
Variations occurring in the Serum Proteins of Animals. during
Rinderpest, and during Immunization and Hyper-Immunization, by P,
HARTLEY, D.sc.  Price, Rs, 2,

I, No. 1. Some cagses of Surra treated in the Field and in the Laboratory during

the Autumn of 1911, by Major J. D. E. HOLMES, M.A., D.sc.
Price, R, 1.

II, No. I Rinderpest: Further Investigations on Questions connected with the Eco-
nomical Production of Anti-serum, by Major J. D. E. HoLMESs, M.a..
D.sc.  Price, R. 1.

IT, No. II. The Curative Treatment of Hemmorrhagic Septicemia in Cattle by the
administration of Iodine, and other notes on Chemiotherapy in Rinder-
pest and Hewmorrhagic Septiczmia, by Major J. D. E. HOLMES, C.IE,
M.A., D.se. Price, R. 1or 1s,

II, No. IV. The Vitality of the Hemorrhagic Septicmia Organism ontside the body,
by Major J. D, E. HOLMES, C.I.E., M.A., D.sc.  Price, R. 1 or 1s, 6d.

1I, No. V. Bursati, by Major J. D, E. HOLMES, C.I.E., M.A, D.SC, M.RCVS.
Price, R. 1-8 or 2s, 3d.

I, No. VI. Experiments on the treatment of Surra in Camels, by H. E. Cross,
M.R.C.V.E., D.V.H., A.8¢. Price, R. 1 or 12, 6d.

I, No. VH. Anthrax—Some Experiments on the Immunizing effect of the Simultaneous
Injection of an Anthvax attenuated virus and an Anthrax Anti-serum,

hy Major J. D. E. HOLMES, C.LE., M.A-, D.8¢,, M.R.C.V.8. Price, R, lor
1s. 6.

-

BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH
INSTITUTE, PUSA,

1. Notes on -Cotton in Bihar in 1904, by H. M. Lerroy, M.a., F.E.8, F.ZS5.
Price, As. 4 or 6d. )

2. An Outbreak of Cotton Pests in the Puunjab, 1905, by H. M. LEFROY, M.A,, F.ES.,
¥.7.5. Price, As. 6 or 7d,

o

The Extension of Jute Cultivation in India, by R. 8. FInLow, B.AC. Prics,
As, 1201 15, 2d. {Out of print.)

4, First Report on the Fruit Kxperiments at Pusa, by ALBERT HOWaRD, M.A,, A.R.CE.,
F.L8, Price, As. 6 or 6d.

5. ltepont on Trials of the South African Locust Fungus in India, by E. J. BUTLEE,
, F.L8. ; and H. M. LEFROY, M.A., F.ES., F.2.8. Price, As. 2 or 3d.

6. The Ticks Infesting Domesticated Animals in India, by C. WARBURTON, M.A.
Price, As. 4 or6d. (Out of print.)
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A Preliminary Account of the Biting Flies of India, by H. MAXWRLL-LEFROY, M.A,
F.BS., P.z8. Price, R.1orls. 6d. (Out of print.) ‘

Official and NRecommended Methods for nse in Chemical Laboratories of the Depart
ments of Agriculture in India, by J. WALTER LRATHRR, Ph.D., F.LC. Price,
As. 4 or 6d.

Report on Coconut Palm Diseass in Travancore, by K. J. BUTLER, M.B., F.Ls.
Price, As. 6 or 6d. (Out of print.)

Treatment and Observation of Crop Pests on the Pusa Farm, by H. MAXWELL-LrrRrOY,
M.A., F.EA, F.Z28.; and C. 8. MIsRa, B.a. Price, As. 6 or Td. (Out of print.)

On Flax Dadder, by ALBERT HOWARD, M.A., A.R.C:S., F.LS. Price, As. ¢ or 6d4.
(Out of print.)

The Making and Care of Lawns in India, by ALBERT HOWARD, M.A., A.R.CS., F.L.B.
Price. As. 4 or 6d. (Out of print.)

Sugarcane at the Partabgarh Experiment Station, by G. CLawkk, r.1.c.: and Khan )

Bahadur 8. M. HADI, M.R.A.C., M.R.A.8. Assisted by 8. C. BANRRIEE AND NaIR
HussaiN. Price, As, 6 or 64,

The Milling and Baking Qualities of Indian Wheats, No. 1, by ALBERT HOWARD.
M.A., A.R.CWS., FLS. 3 and GABRIELLE L. C. HOWARD, M.A. DPrice, As. 4 or 6d.

Note on the Extension of Cultivation of Fibre Plants in India. Price, As. 6 or 8d.

Second Report on the Fruit Experiments at Pusa, by ALBERT HOWARD, M.A ,
A.R.C.S,, F.1.8. Price, As, 6 or 8d.

The Milling and Baking Qualities of Indian Wheats, No. 2. Some new Pusa
Selections tested in 1909, by ALBERT HOWARD, M.A., A.R.C.S., F.L.S.; and GABRIELLE
L. C. BOWARD, M.aA. Price, As. 6 or 8d.

Report on the Outbreak of Blister Blight on "'ea in the Darjeeling District in 1908-09,
by W. McRAE, M.A,, B.Sc. Price, R. 1 or 15, 6d.

List of Names used in India for Common Insects, compiled in the Laboratory of the
Imperial Entomologist, Pusa. Price, As, 12 or 11, 2d.

Memorandum on Indian Wheat for the British Market. (Read before the Incorporated
National Association of British and Irish millers), by Sir JAMES WILSON, K.0.8.1
Price, As. 4 or 6d.

Memorandum regarding Leading Euca\.ypts suitable for India, by K. BooTwn
TOUCKER, Price, As, 4 ov 5d. (Out of print.)

The Milling and Baking Qualities of Indian Wheats, No. 3. Some New Pusa
Hyhbrids tested in 1910,by ALBERT HOWARD, M.4,, A.R.C.S., F.L S, ; and GABRIKLLE
L. C. HOWAaRD, M.a. Price, As. 7 or 8d.

Tnsecticides—Mixtures and Recipes for use against Insects in the Field, the Orc}m}rd,
tha Garden, and the House, by H. M. LEFROY, M.4., F.ES., F.2.8, Second Edition,
Revised, with many additions by T. BAINBRIGGE FLRTCHER, R.N., F.ES., F.Z.8.
Price, As. 12 or 1s. 2d.

The Indian Saltpetre Industry, by J. W. LEaTHER, ph.D., Firc.; and J. N.
MUKHERJI, B.A., B.Sc. Price, As. 8 or 9d.

Report on the Flax Experiments conducted at Dooriah during the year 1910-11, by E.
M. VANDEKERKHOVE. Price, As. 6 or 7d.

Note on the present position of Cotton Investigation in India, by BERNARD Cov.
ENTRY, O.I.E. Price, As. 2 or 3d.

Bxperiments on the Cultivation of Sngavcane at the Partabgarh Experiment
Station, 1909-11, by G. CLARKE, F.LC.; H. E. ANNETT, BSc.: and SYED Zamix
HUBAIN, B.A.  Assisted by 8. C. BANERIEE and NAte HUsSAIN. Price, As. 5 or 6d.

The Cultivation of Lac in the Plains of India, (Tackardia lacca Kerr.}, by C. S, MIsRa,
B.A. Price, As. 8 or 9¢. (Revised Edition.) )

Directions for the Cultivation of Eri Silk. KRevised Edition. Price, As. 3 or 4d.

Report on the Flax Experiments conducted at Dooriah during the year 181112, by

E. M. VANDEKERKHOVE, Price, As. 1.6 or 2d.

Wheat Experimente on the Botanical Area, Cawnpur, and their bearing on Wheat
Caltivation in the United Provinces, by H. MARTIN LBAEE, M.A.; and Ram
Prasan. Price, As. 3orda.

A Note on some Interesting Results following the Internal Administration of Arsenic
in Canker and other Diseases of the Foot in Horses, by J. . E. HOIMES, M.a.,
n.8c- M.R.C.V.8, Price, As. 2 or 3d.

Some Aspects of the Agricultural Development of Bihar, by ALBERT HOwaRD, M.4.,
A.R.C8., F.LS.  Price, As, 4 or 5d.
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Diseases of Rice, by E, J. BUTLER, M.B., F.L.5. Price, As, 8-or 9d.

Report on the Flax Experiments counducted at Dooriah during the year 191213,
by E, M. VANDEEERKBOVE. Price, As. 3 or 4d.

Note on the M'Fadyean Staining Reaction for Anthrax Bacilli, by Major J. D. K.
HOLMES, M.A., .SC. M.R.C.V.5. Price, As. 4 or 5d.

Notes on Experimants with Sugarcane at Sahour, by C. SOMERS TAYLOR. B.A.  Price,
As, 2or 3d-

Disintegration of Rice Grains by means of Alkali, by F. J. WAaRTH, M.se.:
and D. B. DARABSETT, B.sc. Price, As, 6 or 7d.

Instractions for rearing Mulberry Silk-worms, by M. N, De. Price, As. 4 or 5d.

Green-Manuring  Experiment, 191213, by €. M. HUTCHINSON, B.A.: and
S. MILLIGAN, M.A., B.8e. Price, As. 4 or 5d.

The use of Sweet Jowar (Sorghum sp.) as a sonrce of Commercial Sngar or as Fodder
and the variation in Composition of the crop during growth, by H. B. ANNETT.
B.Sc., F.1.C. Price, As. 2 or 3d.

Notes on Cane Crushing in the United Provinces, by G. CLARKE, F.LC, ; NaIk
Hossaiy and 8. C. BANERJEE, assisted by LAKSHMI SIIANKER. Price, As. 2 or 34,
A Note on the Effect of Heat on the Rinderpest Immune Bodies, by Major J. 1. E.

HOLMES, C.LE., M.A., D.8C., M.R.C.V.5, Price, As. 2 or 3d.

How to Improve Sitk-Reeling in Bengal, by M. N. Dg. Price, As. 4 or 5d.

The Acid Secretion of the Gram Plant (Cicer aristinum), by D. L. Sanasrarv e,
B.Sc., L.ag. Price, As. 2 or 3d. P

Bee-keeping, by C. C. GHOSH, B.A. Price, As. 14 or 1a. 4d.

Notes on Sugar Machinery and Manufactave in Northern India, 1914, by PETER ABEL.
Price, As. 5 or 6d.

PFirst Report on the Bxperiments carried out at Pisa to improve the Malberry Silk
Industry, compiled under the direction of the Imperial Entomologist, by M, N. De.
Price, As, 6 or 7d.

The Experimental Ervor in Field trials with Sugarcane and the effect on this error of
various methods of Sampling, by H. E. ANNETT, 6.8c., F.I.C.  Price, As. 3 or 44,

The Improvement of Tobacco Cultivation in Bibar, by ALBERT HowaRD, C.LE., M.4. ;
and GABRIELLE L. C. HOWARD, M.A. Price, As. 4 or 5d,

First Report on the Improvement of Indigo in Bihar (with notes on Drainage and
on Green-Manuring), by ALBERT HOWARD, C.LB., M.A.; abd GABRIELLE L. (.
Howarp, M.A. Price, As. 4 or 5d.

Soil Ventilation, by ALBERT HOWARD, C.I.E., M.A. : and GaBrivLir L. C. Howano,
M.A. Price, As. 3or 4d.

Soil Erosion and Surface Drainage, by ALBERT HOWARD, C.L.E., M.A. Price, As. 4
or 5d.

Second Report on the Improvement of Indigo in Bihar, by ALBERT HOWARD, .LE.,
M.a.; and GABRIELLE L. C. HOwWARD, M,a. Price, As, 2 ar 3d.

The Manufacture of Jaggery in South India, by A, CHATTERTON, C.LE. Price As. ¢

or 5d.

Green-Manuring in Indigeby A, C, DosBs, Price, As. 6 or 7d,

The Detection of Added Water in Milk in Iudia. by J. WaLTER LEATHER, V.0,
F.LC. Price, As. 2 or 3d.

Calocoris angustatus, Leth., by E. BALLARD, B.A., F.ES. Price As. 4 or 5d,

One hundred Notes on Indian Insects, by T. BAINBRIGGE FLETCHER, F.L.S., F.ES.,
F.z.8. Price, As. 8 or 9d.

A comparison of the *“ Defibrination ” and * Ozalate” methods of serum preparation
as applied to Hemorrhagic Septicemia and Anthrax Sera together with some
una]ys)is of Buffalo and Hill Bull bloed, by R. V. NORRIS, MSc., Dse. (In thr

7638

Soil aeration in Agriculture, by ALBERT HOWARD, C.LE, M.A. (In the press.)

A preliminary Chemical study of the Rices of Bihar and Ovissa, by JATINDRA NATH
SEN, M.A. {In the press.)

A Modified Methoed of Green-Manuring, by C. M. HUTCHINSOX, B.a. (In the press.)

U <

BOOKS,

“ Indiap Insect Peets,” by H. MAXWELL-LEFROY, M.A., F.E.B, F.2.8 Price, R.1.8.
(Out of print.)

*“Indian Insect Lifs,” by H. MAXWELL-LErROY, M.A., F.RS., F.Z8.; and F. M.
HOWLETT, B.A. 786 pp. Prica, Rs. 20 or 30s. (Out of print.)

" Wheat in India,” by ALBERT HOWARD, M.A., A.R.C.5., F.LB ; and GARRIELLE
L. C. Hgwarn, M.a. 288 pp.  Price, Re. 5 or 7. 6d.

* A description of the Imperial Bacteriological Laboratory, Muktesar : its work and
products,” by Major J. D. B. HOLMES, M.4., D.8c,, M.R.C.V.8, Price, A8, 8 or 9d.

+ Agricultore in India,” by JAMES MACKNNNA, M.A., L.O.S. Price, As. 4 or 5d.

‘ Some Diseases of Cattle in India, 1916 Price, As. 8 or 94,
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PLATE Xy

SIR EDWARD CHARLES BUCK, K.C.SI.



Fu Memoriam,

Sir Edward Charles Buck, K.C.S.I.

Iv the early days of July intimation reached Smmla that Sir
Edward Buck had died in Rome where he was attending the
meetings of the International Institute of Agriculture as repre-
sentative of Great Britain and India. Thus did the veteran end

" his days as he would have wished, faithful to- the trust which he
made his own nigh fifty years ago.

The name of Sir Edward Buck will always be associated with
the establishment of an agricultural policy for India. He may
not have had that close association with agricultural experiment
which has become the feature of more recent years. But he laid
the broad lines of principle on which have been built up our Agri-
culture, Settlements and Land Records, Statistics and Famine
Relief, and he is responsible for the sound foundation upon which
the general revenue system of the Indian Empire rests. It was
not his to see the later fruition of his efforts in the great expansion
of agricultural investigation which came with Lord Curzon’s
Government, for he retired from the service in 1897; but to, the
end he kept in touch with its activities, and nearly every year
personally saw its progress in his loved Provinces of Agra and Oudh.

Sir Edward Buck was a great personality, full of ideas and of
extraordinary singleness of purpose. His whole career was devoted
to Revenus from the days that he arrived in the North-West
Provinces as an Assistant Collestor in 1862 till he retired, after 15
years’ service in the Government of India, in 1897. In his retire-
ment he still kept up his interest in India and its problems, and his

* name will always be held in affectionate remembrance not only by

the hosts of Buropeans and Indians who enjoyed his personal friend-

ship, but also by all who have at heart the real development of

India. He was “ a very perfect gentle Knight ” and his memory
will for long remain green. May he rest in peace !
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EDITORIAL,

Wirs the next issue of this Journal we shall introduce certain -
changes which we trust will tend to popularize it. Through the
eleven years of its existence the Journal has maintained the high
standard of excellence with which it started. That standard, it is
hoped, will be continued ; but there is a feeling that the Journal
might, without detriment to its traditions, be made of more general
and popular interest, While therefore it will contain, as in the
past, articles on specific agricultural and scientific questions, an
attempt will be made to widen its scope so that it will be more the
Journal of the Agricultural Departments and of the agricultural
workers of India.

We shall therefore welcome contributions from all who are
interested in Agricultural and Veterinary wmatters, Irrigation
problems, Co-operation and Agricultural Economies and, in particular,
from those who have the practical problems of agriculture to face—
the Planting Community and the large Zemindars of India. To
them our columns will always be open, and we shall welcome all
enquiries or criticisms they may address to us.

On this broader basis we trust that the Journal will enter
upon an era of increased popularity and prosperity.



THE CONTROL OF FLIES AND VERMIN IN
MESOPOTAMIA.

BY

H. MAXWELL.LEFROY, M.A, F.ES, FZS,
Lately Entomologist in the Imperial Department of Agriewlture for India,

[WE have much pleasure in publishing this article from the pen
of our former colleague Prof. Maxwell-Lefroy.

The Indian Agricultural Service—both European and Indian—
has responded nobly to the Nation’s call and our best wishes follow
the present detachment of eight Pusa Assistants who have
volunteered for service in Mesopotamia. May much success attend
their efforts to alleviate the conditions in which our gallant troops are
living, and may they return safe and sound, with the consciousness
of a duty well performed.—(Editor.)]

Tuere have been urgent reasons for dealing with flies and
vermin among the forces in Mesopotamia this year, and I was
fortunate in being sent up at the end of April to investigate and decide
what could be done. Even on the way up, there was entomological
work to do. The hospital ship on which T travelled from
Bombay had been long in the tropies and was full of small red ants
which were a sore trouble to the wounded and sometimes worse.
As the ship was going up empty, there was full scope for work and

- after failing with one method, we succeeded with another. Baits
were put down (usually syrup on rags) and the trail of ants to the
nest traced back. The nests are all behind wood-casings and the
eraoks of exit were oiled with a mixture of paraffin and lubricating
oil. This isolates the nest inside with the queens and the workers
outside cannot bring food in. In three days there wereno more
trails or nests discoverable and the plague was under control.

( 325 )
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Basrah was hot and stufy but not markedly plagued with
flies ; but as one goes up river it gets worse at every camp till the
climax is reached at the most advanced post where Corps Head-
quarters are situated. The flies are mostly the Housefly type,
Musca, of several species probably, a few Blow flies of the Calliphora
type, and some Stomoxys. The last is a nuisance on the river as it
bites so sharply but it is not a disease-carrier and is not really
common on land. :

To fully appreciate it the abundance of flies has to be seen -
and still more to be suffered. The tents and trenches are full of
them. By night they sleep in masses on tent roofs, eto., in the
morning they awake to furious activity as soon as the sun has
warmed them, till midday they feed and fly and buzz; then they
seek deep cool shelter if it is hot, say over 110° F. in the tent, and
go to sleep. In my tent they preferred to get under the bed on
the sides of the pit in which one lives. At evening they stert again
and are very active from 5 to 7.. When one has been driven crazy,
it is good to go and see the patient resignation of the sick and
wounded and therefrom to learn control and resolve more stren-
uously to destroy the seourge. And then one remembers that
nearly every disease in Mesopotamia is one that is carried by water
and flies only, and one realizes that the fly is really a serious factor
in this campaign.

Another entomological problem is of some importance in
Mesopotamia, and this is the control of vermin and sand-flies,
fortunately no difficult matter. The former convey relapsing fever
and typhus, the latter carry sand-fly fever ; both are the cause of
irritation, the sand-fly especially ; there have been cases of serious
septic sores {rom sand-fly bites and the sand-fly has been one of the
real plagues of life. Fortunately there is a cure for both. In
1904, the use of Crude Oil Emulsion was first introduced by the
Entomological Section for vermin on animals; early in 1915, a
* refined form of this was shown to the War Office, and in May was
adopted as the official vermin remedy for the army. It is now
being made in large quantities in Bombay and sent up to Mesopo-
tamia, In the Army it is known as “ Vermijelli,” but as this is a
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registered name, the property of a firm in London, it is called “ Sand-
fly and Vermin Ointment.” It has the merit of keeping oft sand-
flies and mosquitos, if rubbed very lightly on the hands and face.
I had one tube with me in Mesopotamia. I did not realize the
sand-fly was there and was badly bitten the first night ; T was never
bitten again, I used no net and all who shared my tube found the
same. It is now being issued for this purpose. For vermin the
emulsion is rubbed on- the hairy patts of the body and on the seams
of clothing ; under-clothes arc washed with it and dried without
rinsing so that the clothes are lightly impregnated with it.

With regard to flies there are really three problems in
Mesopotamia, the control of flies in camps, trenches, ete., in towns
and with moving bodies of troops. The firstis the important one
because it is the biggest and, in some ways, the easiest to deal with.
The breeding pleces in camps, trenches, etc., are of three kinds.
The latrine trench is far the worst, accounting for probably 90 per
cent. of the flies ; the accumulations of stable manure, and the
accumulations of refuse and offal account for the rest. The latrine
trerches are about 18 inches deep, a foot long, six inches across ;
a series are dug side by side, according to the number of men. They
are filled up daily. They offer the ideal hreeding place for flies
and they swarm with flies laying eggs when they are in use and are
solid masses of maggots in a few days. Flies emerge from trenching
ground in hordes, get their first meal at the nearest trench then in
use and then distribute themselves over the camp.

Stable manure was comparatively harmless owing to rapid
desiccation ; only when small amounts were swept up with dry
litter and so preserved from drying did one find maggots and the
manure is nearly all dried and burnt. Kitchen refuse and ofial are
usually burnt or buried but would easily breed flies. The greatest
care is usually taken and it is only carelessness on the part of the
sweepers or camp cleaners that allows this material to breed flies.

In most places in Mesopotamia there is absolutely no other
source of fly breeding ; the land is flat, dry, absolutely barren as a
rule ; there is no shade, a ficree sun bakes it, a dry wind blows
furiously. Only where man is, can there be shelter, food or breeding
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places and there is no man but soldiers in the war area. There
are stories of bodies of men trekking into the bare open country
and finding hordes of flies, but they took these with them. When
Jne comes out of the trenches, flies settle on all the areas shaded
by one’s topec or oneself and on all the shady parts of one’s
horse ; they travel on one thus for miles, unable to fly away in the
fierce sun. In this way one carries swarms of flies and a body
of men, when they ¢amp, will naturally find their tents full of flies.

No place strikes one as so easy to clear of flies as a camp, as -
all is done in full view, there is nothing hidden and one can control
everything. There are no houses, no hack-gardens or filthy alleys,
no refuse dumps or collections of rubbish. It is a matter of deciding
what to do and having it done,

The second problem will be more difficult because it is not so
ecasy to control a town. In Basrah and Amarah there are large
areas of camps, with streets of houses not far off ; the problem is
not so simple because of the uncontrolled breeding places of the
native houses, and it is more a question of extensive ﬁy killing (as
described helow) than of prevention.

The third problem again is difficult because of the lmited
regources of a moving body of men. Such a body of men will not
suffer from the flies they breed ; they suffer from the flies bred by
other moving forces before them and there are camping grounds
on lines of communication where you arrive to find that swarms of
flies greet you and millions are then emerging ; that means that ten
days before a body of men camped there, used latrine trenches,
and probably did not trouble too much about the disposal of kitchen
refuse and offal. )

Having examined the problem and especially having seen
what was needed for the trenches, 'the field hospitals and the
head-quarters and other camps, it wasa question of getting supplies
and a staff of men to carry out the obvious measures. All the supplies
that went with me from Bombay were snapped up at once and
much more was needed. Everyone in charge of hospitals particularly
needed help and supplies; it is a real experience to go round
the tents of a cholera or ordinary hospital, and to see what a curse
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the flies are to the men. Then one sees the operating tent and
realizes that flies may come 100 yards from a nearby latrine to vomit
their last food on the exposed tissues of a patient; one sees flies
settling on a fresh wound, and the men fighting them off while it
is dressed. No wonder every single person is keen to help the fly
campaign and that every possible assistance is being given to those
who are trying to reduce this pest. '

A short simple set of instruetions was prepared and issued ;
the measures recommended are discussed here in turn.

1. As far as possible, replace latrine trenches by tins and
ineinerate. This system is very widely used: tins are sunk in
the ground to receive fwmces; nearby is a small round ineinerator
consisting of a circular wall three feet high with a grating across
of iron rods and two air inlets below; dry litter and any dry
material is put in, lit and it burns slowly; on this the material iy
ineinevated. This is not always possible particularly in the
trenches ; but one battalion had an incinerator for its front line
latrine : and where this can be done it is the proper thing

2. Where incineration is impossible and deep trenching is
impossible, then each latrine trench must be treated. After trying
pesterine and fuel oil without effect, it was found that ordinary
burning oil, as ‘ssued there, was effective ; a trench treated with
oil does not get infested with maggots and if oiled when it is filled
up, wany maggots are killed. There is much oil available, the
crude lighting oil of the Anglo-Persian Oil Co., obtainable near
Basrah, being quite suitable.

3. Oi should be used even with tins as it prevents flies
settling and feeding on the excreta. A great deal of the diarrheea
and intestinal diseases prevalent must be carried by flies
directly from the faces of infected men and oiling prevents
that.

4. Kitchen refuse and offal are to be burned or oiled and
buried. This is obvious and is rendered more important by the
fact that a great many goats are slaughtered by native regiments,
in their own way, anywhere near their lines. Thereis a great deal
of indiscriminate goat-killing going on wherever there are native
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units and this material would breed flies. The absence of
blue-bottles shows how careful the men are in this matter.

5. Horse and mule droppings are to be collected and burned
or spread out to dry. As a rule the droppings are wanted for the
incinerators. The heat and dryness are such that in a very short
time, house manure is too dry for flies to breed in it ; the only
trouble has been with the individual saises of officers’ horses who
may be careless and breed a quantity of flies; where there are
regular horse or mule lines the greatest care is taken.

6. Trial of fly poisoning with sodium arsenite showed it to
be an extremely effective method ; fortunately I had been able in
Bombay to get 50 tins of weed killer, which was crude arsenite and
worked very well.

A mixture is made of arsenite half a pound, gur two and a half
pounds, water two and a half gallons, This is a convenient amount
for a kerosine tin. Tn this a gunny bag was dipped and hung up.
A shelter tent or a covering of mats is advisable or the flies will
not come in the hot part of the day, and the gunny bag must be
kept moist. Flies come in swarmns, feed and die there on the spot.
The solution is weak enough not to sffect them till they have fed ;
if made too strong, they are »ffected before they get a fatal dose.
It is possible to fit up strips of gunny on the roller towel principle
so that it dips in the tin ; as it dries and gets too concentrated water
is added.

This simple poison, devised originally by Dr. Berlese of Portici,
Italy, works beautifully ; the flies are thirsty and hungry ; they
smell the gur, they come in shoals; blue-bottles come as well as
Musca. The slaughter is very great and the effective range appeais
to be at least 200 yards and is probably much more. This means
that to keep a camp clear one wants a fly-poisoning station every
quarter of a mile or so. By having the poisoning done in & separate
place there is no risk from dead flies and it is best to put the poison
at & point between the latrines and the ecamp.

7. In the trenches flies collect in masses at certain places at
night and at midday. They particularly like canvas or tarpaulin
coverings and sheltered corners in dug-outs. With a spraying
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machine and suitable liquid, one can kill flies in bulk. The choice
of liquid is easy ; two only aré at present known, both of which have
been extensively used in Hurope and Egypt since they were
discovered last year. For the trenches we are using the oil-spray, 2
special grade of mineral oil to which is added a small amount of
aromatic essential oil such as citrovella. In England this is sold
as “ Flybane ” ; in Bombay, thanks to the help of the managers of
the Standard, Vacuum and Asiatic Oil -Companies, the nearest
grade of oil to that selected in England has been found and is being
used.

8. Hospital tents and buildings require other methods.
Formaline can be used for fly poisoning; but the ““Miscible fiy
spray ” used in Europe and Kgypt will probably give the best
results ; it is undesirable to use the oil as it taints milk and food ;
but this new fly spray, whose laboratory name is Exol, is being sent
up for hospital use. It is not poisonous or inflammable and has
only a slight smell ; it does not taint facd. It is mixed with water
and sprayed in the air. Flies fall to the ground paralysed or dead.
It is not yet certain whether the formula used in Europe will succeed
in Mesopotamnia owing to the very high temperatures but this has
to be ascertained and the formula varied if necessary. Thanks to
the Medical Store-keeper at Bombay, large quantities of this
have been made. At the request of the War Office the formula of
this spray has not been published as the ingredients are not unlimited
in supply. When the Army has had all it needs, the formula will
be published and the public can get the liquid.

For hospitals, an ample supply of netting, mosquito nets, etc.,
has been essential. It is absolutely necessary to prevent flies
getting at the excreta of cholera or dysentery patients for instance

“and in tents this is only possible with nets. In the same way the
disposal of the excreta is very important end all field hospitals use
ineinerators.

A speeial problem arises in the case of bodies of men moving.
I believe that it is better in these cases to have no trench latrines,
but to mark off a space of clean and hard ground and use that.
The heat and dryness is such that flies cannot breed in the material
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which desiccates at once. This goes against the sanitary expert’s
ideas but I believe it to be sound in all cases where the'moving hody
is not going to stay more than three days.

These are the methods recommended and the three important
ones are—

(1) Disposal of fly-breeding material.
(2) Fly poisoning.
(3) Fly spraying in trenches and hospitals.

1t was obvious that to cairy these out there should be a .
special subordinate officer attached to each large camp and to each
division. He would naturally be under the orders of the Sanitary
Officer but his special business would be flies. He would inspect
the whole of the camp or the trenches occupied by his division, hunt
out fly-breeding material, report cases of bad sanitation, see that
latrines are oiled. He would be in charge of the fly poisoning, he
would show men how to use sprayers and organize a gang to
systematically slaughter flies with sprayers. k

Such work is best done by men used to spraying and similar
operations. Eight were required for the different places in
Mesopotamia and I proposed going to Pusa for them, taking volunteers
from the Imperial Pathological Entomologist’s Section, as flies
have been their business for years, and also from other sections, or
from Provincial Departments if necessary.

Captain C. F. C. Beeson, Imperial Forest Zoologist, who wis
with me in Mesopotamia, remained there and would he in charge of
these men and the whole work.

This proposal was aceepted and I returned to India to organize
supplies of arsenic, sprayers, etc., and to get eight men. The selected
men are shown in the photograph which accompanies this article.
They left Pusa on Wednesday, July 5th, for Bombay whence they
proceeded to Basrah and Amarah. They were recruited from the
entomological and mycological sections with one from the veterinary
staff. They have rank as Indian Warrant Officers according to their
pay and will be on duty in Mesopotamia probably till October. In
the first place they join Captain Beeson to get experience of military
conditions and then they will be posted out.



PLATE







CONTROL OF FLIES AND VERMIN IN MESOPOTAMIA 331

The Agricultural and the Forest Research Institutes are to he
congratulated on supplying the officers and staff for this work.
No one anticipated that the work of the entomological sections would
be of vital use in this war, and it is a satisfaction that the work done
years ago in the Imperial Department has been of direct use and
that the men and methods can be supplied for the present campaign.
Their work will be very much appreciated in Mesopotamia and we
hope all will return well with a suceessful piece of work well done.



AGRICULTURAL EDUCATION.

BY
WYNNE SAYER, BA,

Assistant to the dgricultural Adviser to the Government of India.

I InTrRODUCTION.

ON the subject of agricultural education much has been said,
many methods put forward and as many condemned, and a
great deal of the discussion has been at a loose end. A partial
acquaintance with a great meny different systems and methods
used and employed in the furtherance of agricultural education in
the United States of America, Japan, Germany, Bngland, etc., will
sutfice to siow that the subject is a complex one requiring clos:
consideration.

An examination of the different methods employed in different
countries leaves one with a definite substratum of general principles
which we may try to adapt to our local conditions. The first
efforts will of necessity be largely experimental, but from the
experience thus gained we can go on making changes in our system
as they are proved necessary ; we have therefore to learn a lot before
we can hope to arrive at any semblance of finality in our system
of agricultural education, and this should be taken for granted by
all parties concerned. As things stand at present we have three
classes of people to educate, each of whem, in his own way, influences
agriculture :—

First—The ryot, on his own land. He represents present
agriculture in the active sense.

Second—His children who represent the active agriculture
of the future, both workers and teachers, '

( 332 )
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Third—The landowning class, whose influence on agriculture
_ is of the greatest value when properly applied and whose sympathy
and interest can assist in the propagation of sound agricultural
practices all over India.

These three classes linked in a proper appreciation of improved
agriculture and its possibilities could create a new India and they
wait on agricultural education to show them the way, “

II. Deverorment or Excrisa Epvcarion 1y tais Country,

It will be well to take a cursory glance at the development
of general education in this country before proceeding to the
question of agricultural education, as it will enable us to better
understand what effect it has had in the community and how it has
affected agriculture, It was after Lord Macaulay’s famous Minute
of 1835 that the Government of India definitely decided in favour
of TEnglish education. Education on Western lines was in fact
becoming necessary as there was a growing demand fot it.  Another
foraible reason was that as Clovernment was settling down to
administer and consolidate its possessions in India it required public
servants with a knowledge of English to help its Enropean officers
in earrying on the work, getting into touch with, and making its
intentions known to, the people.

The Universities of Bombay, Madras, and Calcufta iwere
established in 1857, the Universities of the Tunjab and
Allahabad being founded in 1882 and 1887 respectively. As
science was not so well advanced in those days, the educa-
tion in India promoted by these Universities came to be more
literary than seientifie.

The English system of administration with its regular super-
vision of every detail and its foresight required a larger number of
subordinate agents than was required in previous indigenous
administrations.

Indian administrations in many cases under-paid their staft
and winked at their recouping themselves—the natural result of
under-payment.
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The British system gives what is considered to be sufficient
Ay to remove any necessity for corruption. Thus those who
received an English education got a large increase of pay compared
with what they were used to under Indian administrations.

This acted as a great stimulus to Indians to seek an English
education. It was regarded as a royal road to fortune and rightly
g0.

There was also a great demand for lawyers and pleaders
consequent upon the fact that it was necessary to reduce the chaotic
condition of the Indian administration, notably as regards land
tenure and ownership to a definite legal status.

Further the opening of railways and the establishing of cotton
mills and other industries provided employment for those who
were only half-educated, or rather not up to the standard required
for Government service and the law.

Thus the stream steadily began to flow in one direction and the
effect spread to the remotest corners of the land and having saturated
the minds of all and sundry it became a fixed belief. Hence there iz
stamped on the life of India one great goal, an English education
followed by a Government billet.

There was an idea that the educated class would disseminate
what is best in Western literature and sclence to their more backward
brothers through the medium of the vernacalars, but this pious
wish has more or less fallen flat. '

Railways, irrigation works, Public Works Department, and
factories have provided employment for numerous artisans, and
from this the idea has grown up in a large section of the literary
and agricvltural classes that to stop in your village means starvation
unlegs you have a large holding.

All this was brought about by a condition of things which
could only be a transitory one based as it was purely on an artificial
demand.

The tide still sets the same way, but the opportunities are now
far fewer. The craving for education remains the same, and
probably always will remain, but it is high time to see what we can
do to divert it into more productive channels. It was towards the
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end of the nincteenth century that the Indian Government began to
think that all branches of education vequived careful review. and
the Universities Commission imunediately followed. Since then
Government has leaned towards an education less literary and more
practical, and in many Universities the courses have been altered
to keep that end in view.

111, AericunturanL COLLEGES.

It will thus be scen that the craving for literary education exists
in the literate classes and in the more influential and higher
agricultural classes. It is these classes who are ready to take
advantage of scientific education in agriculture.

It was at first thought that no higher agricultural education -
would be necessary beyond such as would enable those who had
received the two years’ course in agricultural schools to make
efficient subordinates under expert officers and to make those who
did not enter Glovernment service into better farmers.

Agricuttural colleges of the advanced type we have at
present in India came with the development of the Agricultural
Department, the idea being that as agriculture is the backbone
of Indian prosperity we cannot give too much agricultural education
in this country ; while therefore preference was to be given to boys
who were brought up amidst agricultural surroundings ; yet these
colleges were to be open to such boys of the non-cultivating classes
as might have a leaning towards agriculture. In the initial stages
in order to attract students for these colleges Mr. Mollison, Inspector-
General of Agriculture in India, was in favour of putting a leavening
of agriculturally trained men into the Revenue Department on the
ground that it is the subordinates of the Revenue Department
" who really see the agriculture of the land and who on account of
their knowledge of the economic condition of cultivators can help
forward the work of the Agricultural Department—a thoroughly
sound view for many reasons which might well bave been
developed. '

With regard to agricultural colleges at the present time 1t is
as well to make one point clear which is apparently misunderstood
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in some quarters that they are not intended metely to supply
subordinates for the Agricultural Department, but to provide a liberal
and scientific education in agriculture for those who either aim at
higher appointments in the Agricultural Department or desire to
take up higher studies and research work in agriculture for their
own sake. In many European countries there is an agricultural
faculty on the lines of other faculties in the Universities, giving
liberal scientific education in agriculture and sciences allied thereto
and training men for research work. In these no training in actual
agricultural operations is given as the object is to turn out specialists
fitted to carry on independent investigations. These faculties
provide liberal scientific education in agriculture and thus attract
the very best talent. We think that in India also for the general
widening of agricultural education affiliation to a University is
desirable. So long as agricultural colleges are not affiliated to &
University they will not attract boys from the higher classes of
Indian society connected with the land. These classes require a
true collegiate education centring round agriculture, not mere
manual training in the details of each agricultural practice. When
these facilities are provided a fair number from these classes will be
forthcoming, and the men thus trained will take their places as
leaders of rural society with a thorough knowledge of what to aim
at in the development of their estates. The strength of English
agriculture lies in the fact that practically every land-owning English-
man has a knowledge of farming and stock-breeding—it is part of
his life; noblesse oblige is the reason for it and the fact is
recognized from the King downwards. Thus it can be seen that this
class furnishes the country with a set of pioneers and influential
supporters in agricultural improvement ; and India wants a similar
class. It is unnecessary to lay down that they should go through
the same courses as those intended for the subordinates of Agri-
cultural Department. What is wanted is to enlist their sympathies
by giving them an insight into the subject and to make them able
to realize the value of research and experiment ; to make them see
that to better the condition of their ryots is to their own advantage
as well ; to turn them from supercilious onlookers into sympathetic
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co-adjutors of the Department ; and for this it is necessary to create
a strong faculty of agriculture at the University. One a,vgricultural
college affiliated to a University will meet the needs of Peninsular,
and another Northern, India : for the class of men they are intended
for will not requite a college at their gates. They will go to the two
colleges in the same way as land-owning England goes to Oxford
and Cambridge. The rest of the colleges might be turned into
agricultural high schools of the type prevailing in America, or
agricultural schools in Germany or Switzerland and will cater
for the needs of the Agricultural Department in providing recruits
for subordinate posts.

IV. Epucation oF GROWN-UP FarMurs.

The provision of agricultural colleges does not complete the
scheme. As the cultivators are mostly illiterate they do not
value a scientific education and in ovder to make them value
‘this for their sons we have to show them what agnculture on
improved lines can do in the amelioration of their material
condition, 7.e., we must convince the father in the only way in .
which he can be thoroughly convinced, ie., by practical
Jemonstration. Demonstrations should be given on Government
farms, at the cultivators’ own homes, or at any gonvenient place,
together with short courses on special subjects and it is here that
the subordinates of the Revenue Department if they had an
agricultural training could help best. So long as the agricultural
classes are in the backward condition they are now, demonstration
must go to them. They cannot be expected to spend time or
money to any extent coming to it.

Tn India the system of caste has given the cultivator centuries
of traditional experience behind his back. He knows to an inch
what he can do with the limited amount he has to hand. We have
therefore to be careful not to disturb this economic balance by an .
improvement which may be excellent but which would not work
here, and it is the study of this economic balance both in this and in
“other greater and wider directions which is becoming a grave

necessity, and which 1 hope to deal with later.
23
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We are constantly reminded foreibly by print and illustration of
the wonderful improvements brought about in other countries. but
this should be remembered that the introduction of improvements
in Australia, Canada, and the United States is brought by capital,
People who have little or no experience comparatively of the land
they own, will always imagine a new thing to be much better than
it is. They will risk more. They are new men in a new land.
They have experienced few of the set-backs incidental to agriculture,
and their hopes are correspondingly higher. Here in India it
requires a strong man to introduce an improvement ; it has to be a
very strongly markéd improvement if it is to be adopted by the
ryot ; India has a rcoted conservatism which cannot be realized by
the countries like the above.

Again it is useless to blame the Indian farmer for adopting a
policy of backing two horses in his farming. He grows two crops
on one field ; why ? because he is not sure of the rzins. Whatever
happens he wins out on one and saves himself from starvation.
The net yield of either crop, which is of course small, may be held
up as a seandal by an expert who has never beenin danger of
starvation—but it is rare to find gross carelessness or gross neglect.
The lives of too many depend on that crop—and that is the reason
for the margin of safety so easy to refer to as wasted opportunity
but so difficult to do without in the present day.

This then is the position. We can hardly teach the ryot his
own job if we are limited to his circumstances. 1 venture to say
no one can, but let me not be misunderstood. Agricultural
Departments can open the gate to greater things by virtue of money.
All improvements require capital. It is no use telling the ryot
to do his own experiments—he cannot ; his margin is too small
but the Agricultural Department can do this by finding the capital
for them. Tt is possible to bring an improvement within his reach

.when arrangements have been made for financing him so that he
can safely take it up. To educate a man at an agricultural college
and to send him back to work on a farm with no eapital is useless.
It may sound well to say he has been educated, but the effects will
be nil.
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" The app!ication of seientific knowledge to Tndian agriculture
opens out a vast field for inoreasing the out-turn of srops in India,
e.g., the yield of rice per acre in India is only about L of that i
Spain, that of wheat is about | of the average out-tumn in England,
and it is only the Agricultural Departinent which has the capital,
seience, and skill that cen wadertake expeviments for increasing
the yield. A long series of tests is necessary before any definite
agricultural improvement can be recommended for adoption, for
jumping af conclusions to make a show and a splash in a country
like India is fatal ; time here is no object, to-morrow is also & dey.
Sooner ot later the part that has been missed—slurred over, written
away will be found cut and a deep-rooted mistrust will oust the
slow-grown confidence in the Department as a whole.

Now tumning to the subjest of demonstration as a method
of education, while the avolution of new types and the replacing
of inferior kinds by superior varieties arc very promising lines of
agricultural improvement in this country they will take time.
We also realize that research must precede demonstration, but in the
unequal agricultural progress of the cultivating classes in India
there ate many good practices which are known in one part and not
in others. These require to be brought to the notice of more back-
ward tracts. It will thus be seen that the greatest and the most
immediately remunerative work lying ready to hand is not the intro-
duction of some scheme requiring extensive, expensive machinery
from abroad. It is the quiet, systematic transfer of the best
agricultural practices from one province to another, from one district
to another. The transplantation of rice seedlings known for years,
nay, ages in many parts, was unknown in Chhattisgarh and there
now ranks as the greatest improvement and rightly so. And it
is here that the Agricultural Department has done wonders at a
trifling cost, to quote hut one instanae. Such improvements impress
the ryots, create in them an enthusiasm for progressive farming,
and make them see the wisdom of receiving a training which enables
a.man with a wider outlook to pick the brains of others and apply
them to his own use; for it is through this experimental avenue
that an increase of revenue will come to ryots and the Statc, and it
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should be obvious that this is the most paying line of policy in
laying the foundation for the demand for real agricultural eduecation
which will follow directly the ryot is convinced that there is something in it.

As already pointed out above, agricultural improvements in
most cases require capitel. What is therefore wanted along
with the spread of improvements is an effective method of
obtaining capital, through as few intermediaries as possible,
at a reasonable rate, and it is here that co-operative societies,
though only in their infancy, can do most good. The passage
of the money from lender to borrower must be simplfied.

Agricultural seasons wait for no one, and to find a man, who
has applied for a loan to get good seed, forced to fall back on cheap
inferior stuff, owing to inakility to get his loan in time, is what we
want to avoid. The man who lends money on to the Jand must
lend it when the land wants it, for the land is a bank whose doors
are only open for déposits on really favourable terms for a very
short time and this cannot be too strongly emphasized.

In the drier parts of India money lent to dig a well
does more than this: the mere digging of it not only ensures
the rains crop against possible failure, but it also encourages
intensive farming and prolongs the cultivating scasons through-
out the year and provides the ryot with employment for himself
and family all the year round, weans him from idleness and
litigation by making him live on his land. Where else does
the digging of a well do all this ¢ Certainly in no town. It is for
reasons like this that the co-operative societies want more money
~and it should be made available to them. Kvery pie spent thus
by a primary society will return a. hundred-fold by inereasing
prosperity and stabilising the revenue. The successful working
of these societies will raise the moral tone of the cultivators, and
this in itself will produce the better, steadier, more prosperous
class which it is the aim of every country to produce.

V. Ebucarion or tae Cunmivarors’ Soxs.
General observations.
What is the aim of education ? It is to make the nation more
fitted to take its place as a nation among other nations, to hold its
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own in the great economic struggles of the future, and in this
coming struggle the dignity of Iabowr will hear the hiunt.
Education should aim at producing a future race each better
than his father at the family job and not nccessarily a rencgade
from his ancestral profession. The present education is given
totally irrespective of the parentage and of the future of the
individuals : can it be wondered, then, that it all too often fails ?

While it may be admitted that some knowledge of the three
R’s is necessary to every mian in the present stage of the evolution
of the world, yet after this, specialization should commence as
soon as possible, based on the nceds of the man. Specialists at
their best should be improvers of their fathers” work carrying
on the family traditions; one cannot emphasize too highly the
fact that the national prosperity depends on the skill of its
people, its varied development, and not on the superiterary
education of a minority. And any education, which does not gn
“deep enough to improve the man’s chances of making a living to
the good of the country, is no use. A highly educated class for whose
labour there is no demand can only be parasitic on the country which
educated it.

Education in rural schools.

We now come to examine education as provided in rura
schools.

Many people with vague notions.of agricultural education
often advocate that in village primary schools the Kducation
Department should begin to teach agriculture. Let us examine
what this means. In primary vernacular schools boys have
to learn reading, writing, and the doing of ordinary sums in
arithmetic. Nothing more can be added at that age to their
syllabus. [t is sometimes said while we cannot teach agriculture
we should teach agricultural principles; but it is only developed
intelligence that can follow the abstract—the children should go
from concrete to abstract and from practical to theoretical. To
crani them with these principles without thewr understanding them
will only produce harmful effects, which will be very hard to
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obliterate at school or college. What is required at primary schools
is that the teaching should have more relation to the environment
of the children. Text-books suitable for urban primary schools
are 1ot suitable for village schools and at present they are common.
Hence children taught in village schools become rapidly divorced
from their fathers’ profession. In arithmetic also—teachers should
deal with sums relating to payment of rent, real measurements
of fields, caleulation of fields’ produce, ete., all things which will
prove useful later on. But the diffieulty is that in a large number
of cases the scholars in rural primary schools are drawn from
non-agricultural classes. Further, the primary schools are part of an
educational ladder by which the clever boy whether from town or
gountry can go up to the anglo-vernacular school and perhaps
to a college. A different syllabus for boys in the rural sehool will
handicap them in this respect. It will thus be scen that, while
direct teaching of agriculture is to be deprecated, the giving of an
agricultural tinge to the education imparted m the higher classes of
these rural schools is & great desideratum, especially for those
children who are not going up to the anglo-vernacular schools, and in
this connection the value of nature study and school gardening
cannot be over-estimated. It is the teachers who can, even with
existing text-books, make the instruction suitable to the requirements
of rural children. But this is where the teachers fail in a large
number of cases—they miss the real point and the essential part:
to sit in a ¢lass room and make remarks—is not what is needed. To
go out and show the class what to observe is real'y what is wanted.
Later on we find students lacking in observation and practical
initiative and in manual skill; why ? because throughout their
whole training book-work has ranked highest, and it is only when
they eome out into the world they find that the position is reversed
—much to their detriment. All over the world the evy is for skilled
labour and always will be, and the man who is master of a trade s
always sure of hus living. It 15 an age of mechanism, a fact which
India has not yet grasped. '

Year by year the farmer becomes more of an engineer, and all
trades tend to inter-connect to thewr mutual advantage. A big
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farmer with one son trained as & mechanic and one as an agriculturist
is both master of his land and his implements; with the rise
in wages more labour-saving implements ate introduced and the
rige in the price of cattle helps s well. There can be no set-back
to the use of agricultural machinery now; it has shown the world
what it is capable of doing and the world, after one great gasp of
surprise, is hastening to take advantage of the lesson.

It is important not to stifle the would-be mechanician in
early life—we all remember the fate of the boy with the mechanical
mind in our public schools. He used to be regarded as a social
pariah, 2 creature of wild mind and wilder pursuits. Now he has
ousted the classical people [rom pride of place throughout the
land and what has happened in England should guide India ; for the
present war has given England an enforced mechanical education,
the use of which will never be forgotten by the nation—for it is not
a knowledge of the classics and certainly not a knowledge of law
‘which is beating the German.

While we note the fact that manual training is provided in some
of the schools in India we wish that it may be developed more and
miore, ot as a fashionable fad, but as a prime necess'ty. 1% is often
asked why it is that in spite of India’s enormous cheap lahour
market and its proximity to the supplies of raw material, India
cannot fairly compete with other western countries. The answer
is that unskilled labour though nominally cheap yet in these days
of machinery is ultimately deaver. Skilled labour has to be imported
at a fabulous price, for the combination of unskilled labour and
cxpensive machinery is the most expensive thing on earth. Any
one doubting this need only give a cooly a mowing machine to work
for a day. The cooly costs far less than a skilled man, but the
repair bill of the machine swallows up the difference and the
machine wears out far quicker.

Npecial Vernacular dgricultural Schools.
We now come to a consideration of the question what provision
should be made for the sons of agriculturists who, after completing
their vernacular course, are not going up for English education, but
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wish to gain more useful gederal knowledge coupled with some
instruction in agriculture. We think that in the case’of these the
provision of vernacular agricultural schools on the lines of that at Loni
is most desirable. The boys at this age will be able to understand
" why certain results {ollow from certain causes. For the information
of those of our readers who are unacquainted with this interesting
oxperiment initiated by the Bombay Department of Agriculture
we may say that the courses at Loni are of two years for boys who
have passed at least the 4th Vernacular Standard, aged 13—18,
3 to 4 hours’ vre devoted to general education, while a similar number
of hours work is done in the field. The whole of the cultivation
15 done by the,boys and they all learn to make simple implements,
the use and care of good steel implements as well as how to drive
an oil engine which pumped water, bruised grain, etc. The teaching
is entirely in the vernacular. As this was the first attempt of its
kind board and tuition were provided free. The boys were mostly
drawn from the sons of large cultivators with whom the Department
was in touch though a considerable number of applicants wete
of the more literary class who were only admitted with great care.
The boys trained at Loni have started real centres of interest in
agricultural improvement on return to their own land. The suecess
has been so gratifying that similar schools have been started in other
divisions partly with (lovernment money and partly with local
subscriptions and endowments.

In starting such schools in different parts of India the exact
age and educational qualifications for recruitment and the ratio
between the general education and the technical education to be
given at each school will have to be determined according to local
conditions. But it would be well to bear in mind that practical
training in each detailed piece of agricultural operations should
not be considered as the only thing. What is required is to give
them some knowledge of mechanical engineering and good general
education with agriculture, so that the outlook of these boys may be
widened and they may go away with an enthusiasm for their
own calling and carry on their business in a really intelligent
manner.
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V1. CoNcLusioN.

1f a boy was made te work with his hands from the heginning
he would appresiate the dignity of labour and his whole after-life
would not be aimed at a position of looking-on. The aim is to
assist a boy at his future work, not to divorce him to follow another
calling.

The essential of most English cngineers is the fact that they
have bheen through the shops from the very beginning. 1 have
known a man with a University degree who spent a month doing
under-fitter’s work in his father’s Works., When India grasps the
fact that to run a business susoessfully you must know the inner
working of every step and detail, then we sball get captains of
industry in other walks oflife than money-lending and the law,
Mere learning of science will not make a practical workman ; it is

the combination which is so strong.

Now is the time for India to make hex eﬁmt Her greatest
‘asset is agriculture and the agriculture of the world was never so
prosperous, Agricudtural produce will rise in value after the war.
to the benefit of India. Let her, therefore, take steps to put her
chief industry on a better footing ; better cultivation, better market-
ing arrangements, better financing of the raral population, a wider
use of mechanical power is demanded. All the world is moving
rapidly on the line of advance. And it India lags behind it will e
" a national calamity. Let her bestir herself and realize that the
produce of the land is capable of a considerable amount of increase.
This hetter state of things will he brought about by the edusation
of the adult farmer and the rising generation who will farm when
he has gone—in short by the education of India in a direction
where best the talents of the nation may he fully and profitably
employed to the benefit of all.



WHY ARE THE CULTIVATORS’ OUT-TURNS OF
WHEAT ON IRRIGATED LAND SMALL?

BY
W, ROBERTSON BRQWN,

Agricultural Officer, Novth-West Frontier Province,

Trirry-six maunds' per acre on two acres; twenty-eight
maunds per aere on eight acres ; twenty-five maunds per acre on
thirty-two acres ; twenty-two maunds per acre on eighteen acres ;
anaverage yield of about twenty-five maunds per acre over all these
acres ; these are the yields of wheat harvested at the Tarnab
Agricultural Station this past May.

The average out-turn per acre on the 100,000 acres of irrigated
wheat in the Peshawar District is less than twelve maunds per acre :
is less in fact than half the average yield per acre over 60 acres at the
Agricultural Station. Yet only 8 of the 60 acres received any manure
one-half of the area was irrigated once only ; the remaining 30 acres
received but two waterings ; the rainfall during the period of growth
was only 5°10 inches ; harrowing and inler-cultivation were not prac-
tised ; on three-quarters of the 60 acres wheat followed wheat ; one
ploughing with the Rajah, and two turnings with the country plough
only were given to the land. In short, the Ternab wheot would
not appear to have received better cultivation than wheat in the
neighbourhood.

Why, then, are the yields in the vicinity of Tarnab and those
stated in the Season and Crop Report so very much less than the
Agricultural Station out-turns ?

The varieties grown at Tarnab are Pusa No. 4 and Federation,
and these are noted yielders, but their superiority to local
wheat in this respect will not nearly account for the out-turn of

1 «\ 1;1uu11d=82‘12 Ibs,
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the Station being more than double that obtained by the
cultivators.

To those who spend their lives with the cultivators on the land
the enigma is made plain,

Firstly, it may be stated that the failure to produce high, or
even falr, yields of wheat is rarely due to the cultivator’s ignorance
of good methods of growing the crop, or to the inethiciency of the
implements employed in tillage, or even to the lack of a good yielding
variety of wheat. These ave simple reasons which readily occur to
any one and are commonly assumed to aceount for India’s poor
out-turn of wheat per acre. The real causes are, however, nore
subtle, and less uncomplimentary to the Indian cultivator’s intelli-
gence than the above.

A large part of the cultivators’ land yields two crops within the
year, and actually realizes more money than bumper ek-fusli crops
of 20 or more maunds per acre. By long experience each cultivator
knows it is not safe to put all his eggs in one hasket, and almost every
one prefers moderate, upstanding crops of maize and wheat to fields
of bountiful promise which stand in danger of disaster by wind and
flood. This is the circumstance above all others that accounts for
the disparity in the out-turn of wheat obtained at the Agricultural
Stations and those recorded in the Season and Crop Reports.

There arc numerous other conditions tending to reduce the
cultivators’ out-turns wlhich should be considered but which are
never stated in comparing Agricultwral Station out-turns with those
recorded in revenue reports. The wheat growers for example give
at least 1/15th part of their rop to the harvesters in payment

_of their labour and probably each alternate year some wheat
is lost on the threshing floor owing to bad weather and other
GaUses.

Then holdings are small and the cultivators are poor ; at times
cereals follow cexeals for some years, wheat following maize or juar
with little rest or change to the land, and with scant manuring, Or
it by chance the cultivators miss their tumn of irrigation, sowing
"may harmfully be delayed, ov a plague of weeds from a careless
neighbour’s field or an overgrown watercourse may choke their
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wheat, when they are too busy, or may be too lazy to undertake
weeding or to hire labour to perform the work.

Yet again and alas! many of the cultivators are in debt, and

" remain merely the unwilling servants of the baniaks, or almost
equally unfortunate, they may be year to year tenants of the lease
holders of extensive tracts, when lessees and tenants alike are bent
on taking the utmost from the land at the minimum cost, regardless
of ,the maintenance of fertility and cleanliness.

In examining the agriculture of a country-side in India, it is
disappointing to find a large proportion of the crops adversely
affected by one or more of the unfortunate conditions mentioned,
and perusal of the Season and Crop Reports is very disappointing
to the enquirer who is unacquainted with Indian agricultural con-
ditions and practice.

It is perplexing to read that ten maunds per acre is the -
average out-turn on 1,000,000 acres of .irrigated land, while in Agri- -
cultural Station Reports out-turns exceeding 30 maunds per acre are
sometimes reported. Despite what has been stated in explanation
of the cultivators’ failure to produce good out-turns, and even admit-
ting that Agricultural Station out-turns are sometimes estimated on
quite small plots, the great disparity existing in the field and station
yields is not yet clearly accounted for.

The enquiry may be pursued by comparing the treatment
which produced 25 maunds per acre on an area of 60 acresat
Tarnab, with the cultivation usually given to wheat in the
vieinity.

Rotation and Tillage. The wheat at Tarnab was an ek-fasli
crop, wheat following wheat on the greater part of the area. On
the cultivators’ land on the other hand, wheat is almost entirely a
do-fasli. crop, following maize, and the out-turns may therefore be
about one-third less than the Tarnab ei-faski yield of 25 maunds
per acre. This practically means that the cultivators should harvest
16 maunds per acre from their do-fusls land and if the cultivators’
out-turn is allowed to be 16 maunds per acre, there yet remains 2
deficiency to be accounted for to bring the cultivators’ out-turn up

- to the Tarnab yield. '
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As wheat followed wheat at Tarnab, the land was turned over
by the Rajah plough before 15th June. The cultivator's do-fasli
- land, on the other hand, could not be ploughed until 15th October,

after maize was harvested. Do-fusli wheat is sown, in fact, within
" a few days only of the first ploughing of the land, and the culti-
vator’s prospects of a good yield are here fur poorer than
at the Agricultural Station. But the cultivator’s land probably
produced a crop of maize, value Rs/ 60 to Rs. 70, whilst the Tarnab
wheat land was fallow and renewing fertility between July and
QOetober. .

Irrigation. 'Tarnab has no advantage in this most important
aid to wheat production, both the cultivator’s wheat and the station
crop being irvigated once or twice only.

Inter-cultivation. Again, Tarnab has no advantage, harrow-
ing being impracticable on irrigated  land, and hand-hoetng
being too expensive and slow to undertake on 60 acres of
‘wheat.

Weeding. The cultivators may lose somewhat in this direction,
ag they weed less thoroughly than at the station.

Protection. There are few ocultivators’ fields that are not
damaged by browsing anmimals. At Tarnab no loss ocours in this
direction.

Harvesting. The cultivators give 1/15th or more of their crop
to the harvesters in payment of their labour. The station paid
cash, and the final out-turn was therefore not reduced in weight by
the harvesters.

Threshing. A steam thresher treated the Tarnab wheat
a few days after it was cut, and loss of grain did not oscur on the
threshing floor. The cultivators, on the other hand, are very
fortunate if they do not lose 1/20th of their crop during
threshing.

Variety of wheat. Under equal conditions, Pusa No. 4 may be
depended on to yield one maund per asre more than the local
wheat.

Now the disparity in out-turn between the cultivator’s- yield
and the station out-turn is nearly accounted for.
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It has been shown that the cultivators lost weight of wheat
approximately as follows :— .

Mds. Seers.
(1) By practising do fasli cultivation . 8 0
{2) By neglect of weeding . 1] 20
(3) By the ravages of browsing animals ... - 0 20
{4) By paying harvesters in wheat " | 0
(5) By bad weather during threshing - 0 20
(6) By the inferiority of their variety of wheat . 1 1]
A . 20
The cultivators’ actual out-turn A 12

23 20

If to the above are added the small shares paid to the blacksmith,
the carpenter, the barber, the chaukidar, and the 1/10th part so
faithfully given by many to the poot in the name of God, it will be
found that under reasonably comparable conditions, the out-turns
actually produced on irrigated land are not as pitiable as they are
usually assumed to be. The losses stated at (1) to (6) are chiefly due
to circumstances over which the cultivators have little control ; on
no account is loss caused by mere ignorance of good practice in the .
simple art of growing wheat and, above all, it should not be forgotten
that the profits realized by the cultivators are no less than those
obtained from the heavy ek-fasl station crops, and it is probably
true that over a period of five years or longer, the balance of profit
would be in favour of the cnltivators and well designed do-fasli
practice. '

By pursuing clean, careful cultivation and growing an
upstanding superior variety of wheat, the cultivators can improve
their out-turns, but they will not be encouraged to do so by belittling
their actual attainments and placing before them high agricultural
station out-turns without due regard to the difficulties that
prohibit them from attaining these yields.



THE INFLUENCE OF THE WEATHER ON THE
YIELD OF WHEAT.

BY
ALBERT HOWARD, C.LE., M.A.,

Imperial Eeonomic Botanist, Pusa.

1. IntrRODUCTION,

THAT a general connection exists between the weather and
the yield of crops is well known. This is referred to every year
when the annual accounts of the Indian Empire come up for
discussion. On these oceasions, the Finance Member of Council often
says that the Budget is little more than a gamble in rain. Some-
times, however, the matter is gone into in greater detail and attempts
are made to treat the subject from the statistical standpoint and
to apply mathematics thereto. The results obtained ean hardly
be said to be convincing. Apart from the scepticism with which
many people regard attempts to prove a case by means of numbers,
a little consideration shows that the subject is one to which, in the
present state of knowledge, a mathematical treatment can hardly
with confidence be applied.

The various meteorological factors like rainfall which are
included in the weather are definite things and can he measured
with reasonable accuracy both as regards amount and distribution.
A wheat orop, on the other hand, cannot be treated in quite the
same way. It is an assemblage of Jiving machines which, by means
of their ohlorophyll corpuscles, are able to utilize the energy of
sunlight in building up complex food substances from simpler
materials such as mineral salts, water and carbon dioxide. There

( 331 )
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is also an orderly development from the seedling stage to the mature
crop and, during the whole growth period, the plants are competing
with each other and are reacting to the various growth conditions—
moisture, temperature, the supply of oxygen and mineral food
materials in the soil, and the degree of moisture and movement
in the atmosphere. Not only does the crop react to its surroundings
but also the extent of this reaction depends on the stage of develop-
ment reached. In addition, the various growth factors influence
each other to a marked degree. For example, the rainfall not only
affects the crop direotly but also indirectly by altering the temper-
ature of the air and of the soil, the afmospheric humidity
and often the gaseous interchange between the soil and the air.
Before we can even apply statistical methods to the connection
between yield and a single weather factor such as rainfall, it is
clear we must have some meens of weighting the figures with reason-
able aceuracy. The effect of rainfall will vary with its amount,
with its distribution, with the stage of development of the crop and
with the character of the preceding monsoon. It will also
influence, according to circumstances, the other growth factors such as
temperature, soil aeration, humidity and air movement. As no two
seasons in India are ever alike, it is obvious that we are dealing
with too many mutually interacting variables to be able to define
in mathematical terms the effect of any particular fall of rain.
When we are dealing with the general effect of the weather as a
whole on yield, the difficulties naturally increase with the increase
in the number of fastors. . The most important matter connected
with a wheat crop is naturally the yield of grain. This is the
resultant of all the conditions of growth of which the weather is
only one. It is clearly the merest speculation to attempt to deal
statistically with the effect of any one factor on the system asa
whole and it would appear that the subject from its nature
is one to which mathematical treatment cannot possibly be
applied.

There is, however, an alternative method of dealing with such
questions. The growing of a wheat crop is after all a matter of
applied physiology. The choice of soil, the preliminary cultivation
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an(-i the supply of air and water to the soil can best be looked upon
as improvements in the conditions of growth, all of which are greatly
modified by the weather.

During the last eleven years, the writer has obtained a
considerable amount of practical experience in the cultivation of wheat
and of the effect of the various conditions of growth, including
the weather, on the yield. In eddition to the rainfall, the soil
- temperature appears to be a most important factor while the aeration
of the soil seems to affect the plant more than anything else. The
results of numerous observations on these questions are dealt with
in the ‘present paper.

2. Tur Coxprrions or Growra oF A Waear Crop.

The soil conditions under which wheat thrives best have been
known to agriculturists since remote antiquity and are referred to
in the writings of such Roman authers as Cato and Varro. Modern
investigations have naturally added to the knowledge possessed
by the ancients but the cardinal importance of thorough cultiva-
tion for wheat and a soil of the proper texture and content of organie
matter have been known and acted upon sirce the dawn of history.
Provided the soil admits of copious root development and is fairly
retentive of moisture, the amount of rainfall or irrigation water
necessary for wheat is not considerable. A fair crop can be ripened
with remarkably little moisture. Good soil eeration, by means of
which the soil organisms and the roots of the wheat plant can obtain
abundant oxygen and, at the same time, get rid of the carbon
dioxide produced in the soil is quite as important as the water
‘supply. Particulerly is this the case during the ripening period
when any interference with the aeration of the soll prevents matu-
ration and also tends to induce rust attacks, The temperature
of the soil is another important growth factor. Wheat, as is well
known, is a crop of the temperate regions and is not cultivated in
the hottest areas of the globe. In semi-tropical countries like
India, it is only grown in the cold season and experience proves
that the sowing time of wheat is largely regulated by the soil

temperature.
24
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3. THE INFLUENCE OF RAINFALL AND TEMPERATURE
ON (ROWTH. :

Rainfall. The climatic factors which have the greatest effect on
the yield of wheat in India are unquestionably the amount and distri-
bution of the rainfall. Within limits, the distribution of the rain
is more important than its amount. Provided the subsoil is fairly
moist, late September and early October rains are the most significant
as they not only supply moisture for the final preparations and
for germination but also cool the seed-bed sufficiently for the young
crop to thrive. On the other hand, a heavy monsoon ending in
late August or early September which is not followed by the sowing
rains is generally unfavourable for wheat in alluvial tracts like Bihar
and Oudh, and in black soil aress like Bundelkhand and the Central
Provinces. In the former case Insuch seasons, the soil is almost
certain to be on the warm side at sowing time, while in the latter
there may be insufficient surface moisture for germination.

After sowing is completed, the first rains, known as the
Christmas rains, generally fall towards the end of December or during
January. These are, on the whole, light and well-distributed and,
as is well known, originate from depressions which pass over India
from the direction of Persia and Mesopotamia. It Js rare for rain
to fall during November and early December. The Christmas
raing are exceedingly beneficial to the wheat crop. They not only
moisten the soil but check any tendency for the ground to get too
warm, (enerally speaking, they serve definitely to establish the
cold weather which is so important for the well-being of rabi crops.
These winter rains, however, are often delayed and may not appear
till late in February or even in March when their influence on the
yield of the wheat crop is small and may even be distinctly harmful,
particularly when heavy falls ocour after the wheat is in ear.
Except in the extreme North-West, such rain is too late to exercise
its full effect on the growth while the formation of surface crusts
interferes with the acration of the soil and tends to help in pro-
ducing those conditions which bring on rust attacks. Rain and
moist weather when-the crop is ripe easily set up sprouting in the
ear a3 the temperature is usually high at this period. Showers
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during the threshing period cause a little damage from a similar
cause, but the people are very clever in protecting their grain heaps
and it is rare to find that the moisture penetrates more than
an inch or two. In estimating the effect of the rainfall on a
wheat crop the distribution rather than the total amount is
important. Late September and early October falls are the most
valuable of all while early, well-distributed Christmas rains, not
exceeding two inches in amount, follow next in order. Late rains,
if heavy and long-continued, are decidedly haimful by preventing
maturation and by producing rust. A heavy monsoon ceasing early
leaves the soil and subsoil too hot for wheat in the warmer wheat
tracts of the country.

Temperature.  After the distribution of the rainfall, the soil
temperature is perhaps the next most important meteorological
factor in the growth of Indian wheat, 1f sown too early before the
soil and subsoil have cooled down sufficiently, the wheat seedlings
"wither and are eaten up by white ants (Termites)." When sown
at the proper time, however, when the soil and subsoil have cooled
sufficiently, the seedlings thrive and white ants do mot trouble
the crop. [Experience shows that the dying off of the young crop
is particularly widespread in Bihar and Oudh in years when the
total monsoon tainfall is large, when the rains cease early and when
the sowing rains (hathia) fail. In such seasons, the soil is charged
with large quentities of warm water and cooling is slow on account
of the mass of water involved and the necessity of keeping the soil
closed down to prevent too much evaporation. Such soil condi-
tions oacurred in Bihar in 1914 and again in 1915, and whenever they
do it is interesting to note that the ryofs always sow too early and
often lose their wheat entirely particularly on the heavier lands
_which hold the most moisture and presumably eool down more
slowly than the drier, higher-lying fields. The remedy for this
-

+ It is an interesting fact that in such cases the wheat always germinates well and for a
few days shows great promise, This is probably dus to the temporary cooling of the surface
soil by the evaporation of moisture during the final preparation for sowing, As soon, howaver,
as the roots reach the warmer subsoil, decay sets in and the seedlings begin to wither, At this
stage, they offer attractions to white ants which seem to be the consequence rather than the
cause of the damage to wheat at this period,
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trouble in such seasons in North Biharis to postpone sowing till the
end of October and to cool the soil by eveporation by allowing the
furrows to remain open to the sun and air for two or three days
acoording to the amount of moisture present. When this is done,
there is much less trouble on account of a hot seed-bed and white
ants do little or no damage.

So far, little has been done in tracing the connection between
the temperature of the soil in the plains at sowing time and the
distribution of the rainfall. The subject is being investigated in
the Botanical Section at Pusa and the results will be published in
due course. It is fortunate, however, that one series of Biliar soil
temperatures is on record which bear on this point. These were
taken by Mr, H. M. Leake at Pemberandah during the period March
10th 1903, to March 3rd 1904, and are published in detail in the
account of the research work on indigo carried out at Dalsing Serai
during 1903 and 1904 by Messrs. Bloxam and Leake. These obser-
vations were made thrice daily at 8 A.m., 1 or 2 P.m. and at sunset.
The spot selected was the middle of an exposed area of high, light
land which wes kept free from weeds. The weekly average tempera-
tures at a depth of four inches at mid-day (1 to 2 p.m.) are given in
the following table in which the rainfall is also recorded :—

TasLE L
Sotl temperatures and rainfall of Pemberandah.

Period Average t?i':;te(:s ‘%f:&fgr; d0;)2 P, 10 Rainfall (in inches)
Sep. 2— 8 34 14

9-15 305 10

16-22 304 01

2399 29 06 )

30—Oct. 6 291 26 Including 1'6inches

on Oct. 6th,

Oct 713 280 08

14—20 2440 .

2127 249

28—Nov. 3 2249
Nov. 4-10 213

11—17 198

18—24 20

25-Dec, 1 187
Dec. 9—8 6'5

9-15 158

16—22 144

23—29 152

30--31 131
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It will be observed that there is a rapid fall in the weekly
averages after October 20th and thet during the succeeding fortnight
the temperature fell more than five degrees. The daily temperatures
(at a depth of 4 inches and at 1 or 2 p.r.) during this period are
given in Table II.
Tapre 1L

Darly temperature readings at Pemberandah afier the sowing rains.

Date Temperature (Centigrade) ;
Oct. }(; 2045 ‘
. . 287
: : |
26 | All readings taken at
Z.All .’l) ‘ 47atlto2 ru,
b 3 ‘= ‘
2 a7 i
i EYS
2% it }
27 2 [
28 2345 ‘[
20 3 i
30 23 [
31 » :
Nov. ‘1 I
2 235
3 25 :

The fall in temperature from the middle to the end of Oetober
is fairly continuous and amounts to 7°5 C.

Wheat sown in such a season on October 16th would probably
have died out while sowings made during the last week of the month
would have developed rapidly without 'a check. In such years
when the kathia is received, there is often a marked change in the
character of the weather about October 20th, the air feels fresher
and westerly breezes set in. When these have been blowing for a
week or so and the cold season appears to be well established, wheat
can be sown without risk. The subject, however, needs more
detailed study and the wind velocity, wind direction as well as
the humidity of the air should be recorded. The temperature
observations on low-lying fields containing much moisture should
also be compared with those simultaneously obtained on high-
lying, lighter and drier land. These meteorological observations
should then be correlated with the extent of root-development and
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with the general above-ground growth of the wheat crop. It is
certain that, when the seed-bed remainson the warm side, the root-
development is poor and the plants begin to shoot prematurely.
This tendency is perhaps even more pronounced in the case of sarson
(Brassica campestris) and yellow flowered tobacco (Nicotiana rustica)
than in the case of wheat. Either of these two crops could be
used as living thermometers whose indications would supplement
those of the ordinary instrument.

4. SoME PRACTICAL APPLICATIONS.

There are at least two directions in which the ideas in this paper
can be made use of for practical ends. One relates to the duty of
irrigation water in the warmer wheat tracts of India and the other
to the improvement of crop forecasts.

Irrigation. The provision of moisture for crops Is considered
to be the object of 2ll schemes of irrigation. 1t is more than probable,
however, that artificial watering serves another purpose in the case
of rabi crops, namely, the cooling of the soil to enable vigorous
root-development to take place. This being so, the possibilities
of the extended use of irrigation water in tracts like South Bihar,
the Central Provinces and Bundelkhand ought to be re-considered.
It might pay to construct tanks (reservoirs) in these areas solely
for the purpose of watering land once in October prior to sowing.
This irrigation would cool the land, would give plenty of moisture
for germination which, under judicious management, would carry
the crop through to harvest. In the case of well irrigation in
certain parts of Oudh, there appears to be, on the stiffer soils, an
opening for wheat growing with a single watering applied in Novem-
ber followed by the sowing of a rapidly maturing wheat like Pusa 4.

Crop Forecasts. Although the methods adopted in the
preparation of crop forecasts in India are a great advance on those
previously in use, nevertheless the application of physiological ideas
would lead to a still higher degree of accuracy. In framing the
first wheat forecast, the distribution of rainfall after the middle of
September, the mean air temperature during October and the
direction of the wind in the Gangetic plain should receive particular
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attention. The root-development and the foundation, as it were,
of the crop depend on these factors. In the second forecast, the
distribution of the winter rains and the general air temperatures
"during December and January are significant. Light, well-distri-
buted rainfall, low temperatures and clear, bright weather during
the vegetative period are the factors on which the future yield
depends. Long spells of abnormal hot weather during this phase
or very heavy rains are sure to be harmful. In the final forecust,
two things are important—the rainfall and temperature during
the ripening period and the manner in which the ears ripen.
Anything more than the lightest rainfall during the period of matura-
tion is harmful and temperatures above the average are inimical
to a high yield. The appearence of the ears lrom the time the
grain is half ripe till the harvest is perhaps more important than
any other indication in estimating the final yield. For a full crop
there is a characteristic development in the shape of the spikelets
~and in the colour of the straw and ears which cannot be mistaken.
When half ripe, the spikelets bulge considerably due to the swelling
of the middle grain and the ear assumes an uneven, turgid condition.
The straw and chaff have a bright healthy appearance which 1s
continued till the crop is ripe. The contrast between this condition
and the look of a low-yielding crop is very marked. In the latter
case, the ears remain narrow, the spikelets are regular, the ears
and straw appear lifeless and the full colour of the chaff is not
developed. The range between these two conditions 1s, of course,
great and amounts to at least five maunds an acre. In the United
Provinees in 1915, when the conditions for ripening were exceedingly
unfavourable and the forecasts of outtwrn proved to be optimistie,
the yield would have been reduced by five maunds to the acre had
the appearance of the ripening ears been taken into account. The
1916 crops in parts of Bihar, on the other hand, should have been
increased an equal amount. A ripening factor, which can hest
be judged by the officers of the Agricultural Department a.nd which
need only be determined in euch of the chief wheat-growing tracts
of a Province would he most useful in correcting the ordinary esti-
mates of area and yield sent in by the Revenue authorities,
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Wz are led to write this article in response to the following
criticism published in Commerce of Caleutta, dated 4th May, 1916 :—

“The wonderful progress made in sugar-beet cultivation in
Europe and cane cultivation in Hawaii, Mauritius, Java, Cuba, and
Louisiana, show what science, higher education, and common sense
can do for an industry. We in India are still waiting for the
Agricultural Department to show us if any possible advantage can be
derived from the experimental work carried on by the officials in
their effort to solve what seems to be an almost hopeless task. The
possibility of improving sugarcane cultivation in Bombay, the
Central Provinces, Bengal, Assam, and South India we realize : but
what the Agricultural Department expects to do for cane in Bihar,
the United Provinces, and the Punjah is beyond our comprehension.
We are led to these reflections because we recognize the scope for
improving cane grown within the sugar belt and we therefore sce
no necessity for the department to waste their energy on this culti-
vation in the United Provinces and the Punjab, where cane cannot
be grown satisfactorily owing to adverse climatic and soil conditions,
That the climate in the United Provinces and the Punjab is not
suitable to sugarcane is a recognized fact; and consequently, we
cannot include these in the sugar belt of India. Parts of Bengal,
Assam, the Central Provinces, Bombay, and Madras are within the
sugar belt we know ; that the soil and climate in Bihar is not suitable
-for cane we also know., Why does the Agricultural Department
then employ time and labour on research work for securing

( 360 )
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cold-resisting canes with early maturing tendencies, when there is an
ample scope for expansion and improvement in provinces within the
sugar belt ? ‘Although plants can to a certain extent adept
themselves and be domesticated outside their climatic belt the fact
remains that their cultivation never really becomes a commercia
success, but will always remain an uncertain proposition. With
sugareane this has been homne out time and again and for additiona]
proof we need only compare the yield obtained in the provinces of
India such as Bombay, the Central Provinces, and Bengal against
Bihar and the United Provinces. In Queensland the cane is grown
with uncertain prospects as far south as Nambour, 60 miles north
of Brishane. Cane is grown to a small extent in New South Wales
but not successfully. In the Southern States of the United States
of America cane has been and still is grown on a small scale as far
north as Georgia, Mississippi and Texas. In the last State they
even tried to grow cane in the * Pan Handle * of Texas; but these
“attempts have not been successful and yet people persist in its
cultivation. We could quote a number of other countries where
certain climatic and soil conditions have created crop belts, all
attempts to improve the types of so-called domesticated crops
having failed. These matters could possibly be settled with adequate
research work, but it takes a high order of ability and time and nioney
to accomplish anything in this direction, and when the work Is
completed by the department private resources to carry the scheme
further on industrial lines will be necessery. In order that India
should become independent of Java sugar the soomer the
Agricultural Department turns its attention to the expansion and
improvement of cane cultivation in areas within the sugax helt, the
greater the possibilities for India to arrive at the necessary state
of independence from foreign imports.”

On this the International Sugar Journal, June 1916, writes
a8 under :—

“ Indian. Sugarcane Cultivation. A Caleutta contemporary,
Commetce, takes occasion to eriticize the Department of Agriculture
of India for its policy in devoting its energy to experimental cane -
work in those provinces of India which it declares are outside the
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sugar belt and therefore are quite unsuitable for sugarcane culti-
vation. These provinces are Bihar, the United Previnces, and
the Punjab, and it seems to he concluded in competent circles in
. India that in them cane cannot he grown satisfactorily owing to
adverse climatic and soil conditions. It is therefore asked why
the Agricultural Department should employ time and labour on
research work for securing cold-resisting canes with early maturing
tendencies, when there i3 ample scope for expansion and improve-
ment in provinces within the sugar belt, such as in Bombay,
the Central Provinces, Bengal, Assam, and South India ? Our
contemporary in fact states that they in India are still waiting for the
Agricultural Department to show them if any possible advantage can
be derived from such a hopeless policy ; and it strengthens its criti-
cism by pointing out that, although plants can to a certain extent
adapt themselves and be domesticated outside their climatic belt,
the fact remains that their cultivation there never really becomes
a commercial success, but will always remain an uncertain propo-
sition. It is possible that the authorities will reply that they have
introduced the experiments where they have found that the native
population was acoustomed to cane cultivation and will take more
or less kindly to schemes of amelioration. But it is a {undamental
necessity that the soil and climate should be suited to the plant, and
if, as Commerce claims, the soll and climate of the cited *provinces
are not suitable, then it does indeed seem a pity to waste time
and money on experiments which will certainly not produce any
commercial success or assist materally in making India more
independent of the supplies of Java sugar. DBetter concentrate
attention and energy on lands within the recognized sugar belt.
But we should like to have the official explanation of the
policy thus criticized.”

On reading these, the first idea that strikes us is that the writer
of the article in Commerce has completely lost sight of the main
point in connection with the Indian sugar industry that the problem
in India is a dual one. The word sugar does not solely refer to the
refined article which is an obsession firmly fixed in the minds of so
many. There are two methods of utilizing the sugarcane when
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crushed, namely, 4 the production of qur for eating and B the
production bf refined sugar either (i) direct from the cane, or (ii)
from gur. India’s production of sugar (mostly raw sugar) excluding
‘that in Native States is close on 3 million tons of which about 16,000 .
tohs only are exported, the rest is all consumed in the country. Over
and above this she has to import over 800,000 tons of refined sugar
mostly from Java and Mawitis to meet the continually expanding
demand for this kind of sugar. She is therefore far and away the
greatest producer and consumer of sugar (raw} in the world, and I
would ask what country can possibly supply her with such an
enorrious quantity. Now the points to be borne in mind are (1)
that the vast majority of the Indian population prefer gur which is
as nutritious as sugar, or rather more so, and (2) that gur alsc enters
into many Indian food preparations and there is no likelihood of the
demand for gur falling off in the near future. On the contrary,
-the increase in wages and the rise in the price of agricultural produce
' have enabled c:rtain classes of the labouring and agricultural
population to increase their consuniption of this commodity. Again,
as none of the other sugar-producing countries produce gur it must
be manufactured within the country itself, for it would not pay to
produce it abroad. These being the peculiar conditions we can
new proceed to examine how far the tropical parts of India, which
are more suited to cane growing, can meet this huge demand. Tf
wa reter to the total area under cane in India, we find that about 90
per cent. of the acreage is in Northern and North-Eastern India, ..,
United Provinces, Punjab, Biliar, Bengal, and Assam. Not more than
10 per cent. is in Peninsular India or what may be called the sugar
belt. Tt will thus at once be seen that Bombay, Madras, and the
Central Provinces cannot possibly supply the total quantity of gur
required by India. Doubtless it may be asked why not, if there is a
market and the land is suitable for cane ? But there are these restrie-
tions. Extension of cane cultivation in these parts is limited by the
supply of wates, the competition of paddy and such other food crops,
and, what is so frequently lost sight of in improving and inereasing
areas under a particular crop, the economic balance which must
be kept level ; for unless the price of food is to tise in the district,
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the ratio between food and money crops must be kept in that state
of balance, which will keep food at its lowest and yet allow the
district to grow the greatest amount of money crops available, and
it will generally be found thet the district has caloulated this to
a nicety. Canal irrigation is very limited in Peninsular India and
irrigation from wells has to be resorted to. This is an uncertain
and costly method, and so there is no great extension of area to be
looked for in these parts save where new cangls are opened. This
fact has led districts out of the sugar belt to grow their own cane,
~ for the limiting of the area in the sugar belt would have the effect
of forcing up the price of sugar if the demand was great from all
other parts of India. _

Another reason for their cultivation out of the helt is that
cane as a commercial crop is more paying than rice, wheat, or cotton,
always provided the necessary labour and water ave available and
that the eultivator and his family do most of the labour. The
following average values of crops in India will make this point clear.

Jute i . - .. .. Rs. 145 per acre.
Sugarcane . .. . .. Ra. 127 per acre.
Rice . i “ . .. Rs. 52 peracre.
Wheat .. . . . .. Rs. 36 per acre.
Cotton .. . Rs. 32 per acre.

It will be argued that sugarcane occupies the land for over a
year while the other crops occupy at most six months. To this
the reply is that in India cultivation of any crop is taken up after
the ryot has considered how mueh labour and cattle power he has
at hand and which he must keep employed throughout the year.
The ryot looks to his own immediate necessities first. He therefore
plants a variety of crops to safeguard himself against ruin resulting
from the failure of rains and sugareane naturally comes high on
the list which is the result of a long chain of circumstances proved
and tested by years of experience. India is not a country of capitalist
farmers with large landed estates. She is a poor country of
which the backbone is the illiterate peasantry. The holdings are
uneconomic, being small and scattered. Leaving aside the question
of expropriation which is unthinkable we have to make the most of
the existing situation.
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-In Bengal, as shown above, jute is more paying. The date-
sugar industry in this province is capable of improvement. Some
increase in the area under sugarcane Is also possible, but the following
proverb current in Eastern Bengal will indicate the ryot’s ideas about
this crop. “ Unless a man has seven sons and twelve grandsons
he should not cultivate sugarcane.” We do not therefore think
there is any prospect of a large extension of area under sugarcane
in Bengal. It i true that in Assam there are possibilities for
developmen, tespecially in Goalpara and Kamrup and Nowgong,
but labour in Assam is notoriously deficient and the climate of the
country in the rains is not caleulated to stimulate the inhabitants
to any prolonged physical exertion, Turther the waste land
suitable for cane cultivation has to be reclaimed, new roads
made, and in some places either labour has to be imported or labour-
saving machinery, such as steam ploughing tackle, has to be

introduced. All this spells capital and it is only large capitalistic
" concerns that can do all this. Nothing in the way of extension
can be hoped for frem the comparatively limited areas under cane
under the ordinary ryot’s conditions and to hypothecate on such
a capitalistic basis when dealing with the ryot is to bring your
scheme under ridicule. A man who farms en the turn of a rupee
can’t discern the ultimate money saved by using steam tackle.
Turning to Bihar we can confidently say that if there is any
part in India where the development of white sugar manufacture
is most promising it is here. Hven before the outbreak of war the
central factories working in Bihar werc a financial success. In
some parts of Bihar cane is grown without irrigation. It is true
that the out-turn per acre of cane is not high but as the cultivation
charges are in the same ratio the crop is a paying one. The gur
produced in Bihar is of inferior quality suitable only for refining
purposes and hence the cultivators are not averse to selling their
cane direct to factories. In the opinion of many competent
authorities practically the whole of North Bihar is suitable for the
growth of cane. :
The heavy crops of cane on the Pusa farm where the soil is by
1o means of the most favourable type in Bihar for the growth of
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cane but rather the reverse show what can be done by improved
cultural methods. The late Agricultural Adviser to the Government
of India was of opinion that by the introduction of an improved
cane and improved methods of cultivation in Bihar the production
of sugar per acre could be raised to a very much higher figure than
it is now, and it isnot too much to say that it could be easily doubled.
And yet the writer of the article in Commerce says the soil is
unsuitable in Bihar. We wonder where it is possible to find better,
more fertile, and more easily cultivated soil than in Indo-Gangetic
alluvium. Its fertility is probably largely due to its water-holding
capacity. A crop can exist in it through the hot weather when it
would fail in most soils. It is true that the advent of severe cold
in November affects the growth of cane and also that the crop is not
50 heavy as in Java, but this is not so great an evil as to put sugarcane
clean out of court. We admit that in Northern India thin reed-like
canes are grown. Though the sucrose-content is not very low they
have a high proportion of fibre and consequently yield less juice to
the mill in single crushing. In other sugar-producing countries
thick canes are the rule, giving from 30—40tonsperacre under liberal
manurial and cultural treatment. Here the crop does not receive
that same amount of attention, and as regards manuring it may
almost be said that this nitrogen-loving erop practically goes without
it in Northern India. Tt should, however, be remembered that in
Northern India excluding Punjab the average out-turn per acre is
never below 15 tons of cane, and the cost of cultivation, etc., does
not exceed Rs. 70 as the ryot supplies his own labour and cattle
power. The crop is therefore a paying one for him. Tn favoured
localities in Northern India people grow pounda canes and they are
more profitable, but as a rule they require greater care in cultivation,
liberal manuring, and are more liable to disease and also to attacks
from jackals, etc., and hence the cultivator who has probably
experienced all these sct-backs plants thin canes and plays for
safety. :

Coming specially to the United Provinces which have about
1,300,000 acres under cane it is necessary to emphasize what
Mr. Moreland has already pointed out that this crop ensures regular
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employment to a large number of labourers at a time when other
work is hard to find, and given a good season it enables the
cultivator to pay his rent and put something by, or give his family
and friends a treat. Further it is the stand-by of the hard-working
man, calling for just as nch labour as he ean put into it, and there
is perhaps no other crop which rewards skill and labour to the same
degree. Any decline in the cultivation of this crop which usually
occupies the superior land should therefore-result in the lowering
of the standard of agriculture in these provinces; on the contrary, a -
reasonable extension is eminently desirable in the general interest
of the commnunity. Alfter a succession of good yrars the cane area
increases by as much as a quarter of a mullion acres, and after bad
seasons it falls back as much as half a million actes. The area
under cane appesrs to be governed by probable prices and by the
economic position of the cultivating classes for the time being, 7.z,
possession or lack of necessary capital. In short, it acts asa financial
" barometer of considerable accuracy and delicacy.

Tt will thus be seen that this cvop is of vital importance to the
United Provinces. Bengal has its jute as a paying crop, Bihar its
indigo or tobaceo, but the United Provinces have nothing between
cane and far less remunerative crops. It is therefore not a question
of a few central factories or a small class of consumers, but affects
the welfare of a very large part of the rural population. And as at
the outside only 4th of the total production of the United Provinces
is converted into sugar it cannot be said that the cultivators
are losing over this crop. In fact those parts of the United
Provinces like the Meerut Division which export gur show an inerease
in cane cultivation. [t is only parts like Rohilkhand which used
to export a large quantity of country refined sugar that have felt
the competition of the foreign product and shown a decrease in the
area under cane. It may be argued that this extensive cultivation
of cane in the United Provinces is due to imigation facilities. We
admit that facilities for cheap irrigation have been greater in the
United Provinces than in other parts, but so long as no equally
paying crop can be substituted the ryots are wise ip culti'vating
cane and the Agricultural Department equally so in trymng to
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ascertain whether it can help the ryots in increasing their yield of
stripped cane per agre or in improving their methods of gur
manufacture. In fact, while the cultivators hardly get more than
15 tons of cane per acre, on Experiment Stations 22 to 25 tons of
sugarcane of a purity of 85 have been obtained. This variation in
out-turns indicates vast possibilities of improvement. Already
Mr. Clarke has got a type of cane J. 33 which is far better than any
desi variety ot present grown by the ryots. Not only is there no
question of the crop being given up in the United Provinces, but there
is a possibility of extended area coming under cane as the result
of gradual extinetion of poppy cultivation. :

The Punjab has nearly 15 per cent. of the total area under
cane in India. With the increasing popularity of wheat and cotton
in this province, there is no substantial increase in the area under
cane, taking the province as a whole. While there is a slight
tendency to decrease of area in the older districts some expansion
has taken place in the new canal colonies, and if it were not for the ,
searcity of labour and of manure the increase would probably have
been greater. It is true that the climate of Punjab is a very severe
one in winter and tests the hardihood and vitality of plants to the -
utmost, and it is especially trying to sugarcane ; still in distriots
with a fairly plentiful and secure supply of water in some form or other
its cultivation is relatively important. The question may naturally
be asked why this should be so? We have already explained the
general conditions which induce the ryots to take up the cultiva-
tion of this crop. The provinee is not able to meet its own demand
of gur fully, and as it is far removed from the sea-coast foreign
sugar has to stand hea®y freight charges which acts as some sort of
protection. Though the out-turns are low the cultivators will not
give up the crop so long as it is paying to them. The ryot is not
a capitalist or a specialist with a large capital on hand anxicus to
increase his profits every year. He is satisfied if a crop provides
labour for himself or his family all the year round and leaves some
net profit. » -

~ We think we have written enough to show that in the rural
economy of Northern India this crop plays a very important part,
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ax}d hence the Agricultural Departiment is bound to study the erop
with a view to suggesting improvements. As Dr. Barber. the
Government Sugarcane Hxpert, has pointed out we want better, richer
canes with laxger out-turn in the field, greater resistance to disease,
and yet adaptable to the methods of cultivation adopted by the
cultivator. Improvement in the last particular will only be likely
to come if the variety of cane provided is more responsive to intensive
cultivation. Although one or other of the thick tropieal sanes
have been a success on almost every Government farm where they
have been tried there is no doubt that as a whole tropical canes
are not suited either to the northern tract or the ryot’s method of
cultivation in vogne there. The tropical thick canes needing good
cultivation and heavy manuring are often useless to him for simple
lack of the means to grow them properly. What is needed 1s a
hardier type of cane capable of holding its own with the eanes grown
under field conditions in Northern India. Such types are not
usually available among the canes grown in tropical countries, and
the only way to get them is to produce them ourselves. No
particular variety will suit all parts of the vast area of the Indo-
(fangetic plain. A series of seedlings must therefore be evolved,
each one specially fitted for the particular region where it is intended
to replace the local kind. There seems only one way in which this
can be attempted. In each case the best local kind accustomed for
centuries to its pecullarities of climate and treatment should be
colected out and crossed with the richer southemn varieties 50 as to
combine its resistant properties with the imported richness and bulk.
The work is thus complicated in that a series of separate problems
have to be solved and a separate series of seedlings evolved for
each geographical region.

To conclude : Tt is clear from the above that so long as India
_ requires gur in large quantities and refined sugar only in compara-
tively smaller ones we are not justified in saying that the crop has
no right to exist in non-tropical parts. Tt is only these parts that
are able to supply the enormous demand for this commodity, and
as oane cultivation is profitable to the ryots in these districts ag it

stands, it is the legitimate function of the Departments of
25
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Agriculture to institute experiments with a view to find out whether
.any hetter varieties ean be substituted, cr whether any improvements
in the cultivator’s methods of cultivation and gur manufacture are
possible, and this opens a wide field for study. While the question
of gur is receiving attention the problem of white sugar manufacture
is not being lost sight of. Inthe Gorakhpur Division of the United
Provinces and in Bihar where sugarcane cultivation is concentrated
new central factories are springing up. We do not think it necessary
to go over the beaten ground and s>y what experiments have already
been made and what improvements effected in this industry in
India. It will suffice if we refer the readers to the article on “ Indian
Sugar Industry 7, published in the Agricultural Journal of India,
January 1916, which gives a useful summary of the present position,

To sum up the case in a nut-shell it is this. Cane is grown
outside the sugar belt for very good reasons—reasons which have
stood the test of years and so are entitled to every respect, and while
a crop continues to pay (for there are precious few unpaying items
on the ryots’ programme) occupies a considerable acreage and
supplies a demand, it is not posstble to pass it by. It fofms a
radical part of the district economy, and unless you have another crop
equally useful and paying to replece it by, it behoves you to do your
best to improve the existing state of things. To fold your hands and
say kuchh parwah nakin the crop is outside its proper  area,” and to
split hairs of that kind is to prove the Department completely out of
sympathy with the ryots’ present wants. No; until it is possible,
and I do not think it will ever be so, to replace the cane crop by
an effective substitute and to supply the demand for gur from other
.parts—two jobs which will not be done in this century, if ever, it is
up to the Agricultural Departments to endeavour to improve the
present cane crop. A definite result accomplished now will repay
itself a thousand times over in the confidence which it inspires in .
the ryots for the future. The proverb of “the horse that starved
while the grass was growing  is all too true. The ryot wants help
now and help that will improve his present state, and a long list of
theories may do on paper but are pretty useless for immediate practice.
We shall welcome Commerce’s reply and our columns are open to it.



THE CLASSIFICATION OF INDIGENOUS INDIAN
CANES.

BY
C. A. BARBER, Sc.D. (Cantab.),

Gorernment Sugarcane Bxperl, Madyas.

DurinNG the past two years it has been found impossible to
proceed with the clessification of Indian canes, commenced in the
Memo'r! describing the varieties collested at the Gurdaspur Farm
‘in the Punjab. This has been due to the urgent need for system-
- atizing the seedling work and placing it on & definite basis. The
collection of varieties has, however, proceeded during visits to various
parts ‘of India and, although the oollectionis far from eomplete,
a fairly representative series has been got together. The numbers
of plots in the cane-breeding station devoted to varieties at present
consist of thick (Poundz and introduced) canes 120, thin (Indian)
canes 112. At cach planting season it has been attempted to plac:
the latter plots together in groups of obvious systematic connection.
This has been fairly easy with the main classes, Mungo, Pansah,
Nargori, and, to some extent, with Saretha, but, besides these,
there has accumulated a lazge number of unclassified forms. Among
the latter, it is natural that specia! attention has been attracted to
the two large indigerous cane varieties of South India, Cheni and
Naanal, for from them a number of seedlings have been obtained.
During the present cropping season (1916) an attempt has been
made to deal with the unclassified series and, although the work was
necessarily incomplete and rather hurried, results of considerable
“inberest have already beer obtained. It has been demonstrated,

1 Barber, C.A. Studies in Judian Sngarcanes, No. 1, Memoirs, Department of Agricy
in India, Botanical Seriss, vol: VI, no. 1.
( 371 )
.
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namely, that these two South Indian canes leve allies in
almost every province, even extending to the Punjab,-where their
analogues may be found in the Katha and Dhaulu of Gurdaspur
respectively recently described in detail.

Naming these two series after the generally best known
members, those that have been most widely distributed for trial
over the agricultural stations of India, we may speak of Sarethe and
Sunnabile groups. Quite a number of the unclassified list have
been ranged under these two heads, and full descriptions, drawings,
and photographs have been taken of some of them during the
recent harvest. -

Among those thus dealt with in the Seretha group are Baroukha
Ukh (Cawnpore), Ganda Cheni (Mysore), Chin ov Chunnee (Aligarh,
Shahjahanpur), Hullu Kabbu (Bellary district of Madras), Jaganathia
(Bihar), Khari (Bengal), and Saretha (Meerut).

The Sunnabilegroup includes Bansa (S. Bihar), Bansi, probably
the same as Khadya (Bombay), Dhor (Harrai and Seoni, Central
Provinces), Kaghze (Aligarh, Pilibhit) Ketar: (Behta, Bihar?),
Mojorah (Assam), Naanal (Trichinopoly and Tanjore), Putli Khajee
(Assam ?), Rakhra (Shahjahanpur), and Synnabile, probably the
same as Banst (Bombay). .

The object of the present note is, firstly, to present a classified
list of Indian canes collected in the cane-breeding station, for the
use of Provincial Officers, and, secondly, to invite the addition of
further varieties which we have not at present obtained. As it is
proposed shortly to describe the varieties named above in a Memoir,
Provincial Officers are earnestly requested to collect any information
that they can regarding the synonyms, distribution, and field
characters of these canes, and all such information will be duly
acknowledged when describing the varieties..

The following is the preliminary classification of the varieties
on the cane-breeding station, with the sources from which they
have been obtained :—

(1) Mungo group.
Mungo, Sabour.
Paunri, Sabour.
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Hemja, Bhikanpore, Sabour.
Buxaria, Sabour.
Burli, Ottur.
Kuswar, Ottur, Parfabgath, Aligarh.
Lewari, Sabour,
Poraya, Sabour.
Matna, Aligarh, Shahjahanpur.
Matna Ukh, Cawnpore.
Rheora, Sabour.
Reori, Partabgarh.
Khatuia, Aligarh.
Agoule 1, Shahjahanpur.
Katara, Barah, Partabgarh.
Ramgol, Partabgarh.
Sarauti, Partabgarh.
Pararia, Aligarh, Shahjahanpur.
Matanvar, Partabgarh.
White Pararia, Shahjahanpur.
Darl Pindexia, Shohjahanpur.
Kharwi, Shehjabanpur.
Potarki Mungo (Partabgarh), Gurdaspur
Matki Mungo, Ottur.

(2) Saretha group.
Katha, Gurdaspur.
Lalri, Panipet.
Kansar, Gurdaspur.
Chin, Partabgath, Aligarh.
Chunnee, Shaljahanpur.
Mesangen, Jullundur.
Sareths, Partabgarh, Jubbulpore.
Dhaur Saretha, Aligarh.
Chynia, Barah,
Baraukha Ukh, Cawnpore.
Jaganathia, Barah.
Ganda Cheni, Mysore.
Khari, Sabour, Jubbulpore.
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Hullu”Kabbu, Hagari (Bellary District)..

Raksi, Shahjahanpur.
Burra Chunnee, Shahjahanpur.
Ramui, Shahjahanpur.

(3j Sunnabile group.

Dhaulu of Gurdaspur, Gurdaspur.
Tern, Gurdaspur, Harchowal.
Ekar, Jullundur.

Dhor, Jubbulpore.

Hotte Cheni, Mysore.

Rakhra, Partabgarh, Shahjahanpur.
Kaghze, Aligarh.

Sunnabile (Bombay), Jubbulpore.
Khadya, Manjri.

Bansi (Bombay), Nagpur.

Putli Khajee (Assam ¢), Ottur,
Bansa, Sabour.

Ketari, Sabour.

Mojorah, Assam.

Naanal, Tanjore.

(4) Pansahi group.

Ketari, Sabour.

Merthi, Aligarh.

Dikchan, Partabgarh.

Sanachi (Dumraon), Gurdaspur.
Yuba (Natal), Pusa.

Chynia, Sabour.

Kahu, Gurdaspur.

Lata, Sabour.

Maneria, Sabour.

Pansahi, Sabour.

Sada Khajee (Assam ?), Ottur.
Bharanga, Shahjahanpur.

(5) Nargori group.

Nargori, Sabour.
Kewali, Sabour.

[XT, 1v.
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Baraukha, Sabour, Pursa, Shahjabanpur.
Ketari, Sabour,
Chynia, Sabour.
Sararoo, Jubbulpore.
Manga, Shahjahanpur.
Agoule 2, Shahjahanpur.
Kalari, Nagpur.
Katai, Sindewahi,
Mungo (sic); Shaljahanpur.
Newra, Shahjahanpur.
(6) Unclassified at present.
Bodi, Gurdaspur.
Dhaur, Aligarh, Shahjahanpur.
Dhaura of Azimgarh, Gurdaspur.
Dhaulu of Phillanr, Phillaur.
Kinar, Aligarh.
Konara, Jullundur.
Agol (Pilibhit), Partabgarh.
Khagri, Sabour, Dacca, Rajshali.
Tkr1, Pursa.
Khelia, Sabour.
Barhai (Jubbulpore), Gurdaspur.
Barahi, Jubbulpore.
Barokha, Shahjahanpur.
Shakarchynia, Sabour. -
Betakali (Dumraon), Gurdaspur.
Kalkya, Manjri. ,
Many of these varieties have at present been insufficiently
studied, being only recently received. There are certain obviqus
resemblances among the unclassified canes, which may be of use in
the framing of new classes or obtaining connecting links between
those already instituted. Thus there is little doubt that Ikrs,
Khelia, and Khagri ave closely connested, while Bodi, Betakeli, and
Dhaulu of Phillaur seem to be transitionel stages between the
Sunnabile and Mungo groups. The position of others is not yet
very clearly defined. Thus Putarki Mungo resembles Bodi and
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Matki Mungo reminds of Katha, although both have been inchuded
in the Mungo group, and soon. But, in the main, the classes show
true systematic connection and, in many cases, different names
probably refer to the same cane growing in different parts of the
country. The localities mentioned do not always indicate the true
places where the canes are grown, as most of the varieties have
been received from Government farms where collestions have been
established for the comparison of different forms. Any information
which will help to fix the true vernacular names and the exact range
of any variety as cultivated will be of special value.

It is to be noted that the lists given above do not include many
well known Indian names. Besides obviously Pounde canes, such
as Pundia, Shdmslmm, Saharanpuri, Poovan, etc., there are such
others as Kajla, Vendumukhi, Magh, Dahlsunder, Yerra, about which
sonte doubt may exist, and the line is sometimes very hard to dravw.
But the principle has been adopted of excluding all canes ahout
which there is any doubt, and it is quite possible that further study
may cause the introduction of some of the thicker eanes into the
indigenous series, as has recently been the case with Majorah, Sada
Khajee, and others. In other words, thickness is not the only
determining character, and the present classification ¢an in no sense
be considered the last word in the matter.



CATTLE POISONING BY JUAR (ANDROPOGON
SORGH UMY AND ITS PREVENTION.*

BY
C. SOMERS TAYLOR, BA.,

Agricultural Chemist to the Government of Bikar and Orissa,
AND

M, N. GHOSH, M.A,,
Assistant Professor of Chemistry and Physics, Sabour dyriculinal College.

JUAR is a crop which is principally cultivated for fodder in
Northern Indis, and as such the stalks are cut while green, before
the ears have formed. It is usually sown in the hot weather before
the rains, and in consequence if the rains do not set In early enough
the conditions become unfavourable for a good growth and the
plants become stunted. Very young plants as woll as those which
have become stunted, are dangerous to be used ss a cattle food, on
ageount of their containing a glucoside which, under certain circun-
stances, breaks up and yields prussic acid which is o violeut polson.
The poisonous properties of such juar have long heen recugnized
and Watt ! refers to a prevalent but wrong belief among the Indian
cultivators that the poison is the result of an insect which infests
the plants when the crop suflers from deficiency of rain. The Indian
cultivator, however, could not be blamed for his wrong belief, for
even among men of science the true explanation of occasional cattle
poisoning by juar was not known before 1902, in which year the
prussic acid yielding glucoside was discovered.

* Reprinted from the Agricullural Jowrnal of the Dept. of Agri., Bihar and Urissa,
vol, ITI, part IL
V Dictionary of Economic Products, vol. V1.

( 317 )
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Owing to unfavourable conditions at the time of planting this
year, much juar was stunted and many bad cases of cattle poisoning
ogeurred in the villages round Sabour. The first part of June was
specially unfavourable for the agriculturists, for the expected
showers did not come off and there was a long period of hot and dry
weather. The juar crops, specially those in high lands, suffered
in gonsequence and there wes an acoumulation of the poison yielding
glucoside in the plants in quantities sufficient to cause fatal effects.
As many as nine bullocks died in one village alone, some having
strayed into juar fields and some having been ectuelly fed with the
stunted crop. These deaths were not reporte | immediately or we
should have endeavoured at once to find the quentity of the poison
present in the poisoning crop at the time of the death of the animal.
In fact ten days passed before we received the information, so that
any attempt to estimate the quantity of prussic acid at the time
of poisoning was impossible. The weight and constitution of the
crop changed very rapidly indeed at that time, and we were therefore
compelled merely to estimate the quantities of the poisonous
principles in the plants as they stood ten days after they had been
found poisonous to cattle. It is likely, however, that at the time of
death the quantities existing in the crop were far grester than the -
amount estimated by us. 7

The largest quantity of prussic acid that we were able to obtain
from the crop of one of the fields where as many es three de:ths
had taken place was about half a grain per pound of the erop. This
quantity may at first sight appear to be small, but when it is con-
sidered that only four to five grains of the anhydrous acid in a single
dose may be sufficient to cause the death of an ordinary conntry
beast, it is obviously dangerously high. A country bullock will
casily eat 30 seers or 60 Ib. of juar which at the time of our analyses
would have contained 30 grains of prussic acid or at leest six times
the fatal dose. In another field from which no cattle had been fed
there was about as much prussic acid as one grain per pound of the crop.
Towards the end of June and the beginning of July, there was plenty
of 1ain, the juar plants rapidly grew up, and in a few weeks the
quantity of prussic acid they were able to furnish, diminished so
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much as to be quite harmless. It may strike one as peeuliar, that
although a ‘large number of goats strayed into the fields and fed
upon the juar leaves at the same time as the bullocks were dying
of poison, yet there was not a single case of mortality among them.”

That juar is poisonous to cattle in the early stages of its growth
and loses its poisonous qualities when it is nearing maturity has
long been recognized. We have already said that its poisonous
action is due to the presence in the plants of a cyanogenetic
glucoside, 7.e., a glucoside capable of yielding prussic acid.  Glucosides
are. gompounds which on treatment with dilute acids or by the
action of unorganised ferments break up into several substances
of which glucose (a compound belonging to the sugar group) must
be one.  Now Dhurrin, which is the name given to the glicoside
of juar, in the same way breaks up into glucose and two other
substances of which prussic acid is one. An enzyme ox unorganised
ferment exists in the plant itself and in presence of water breaks
‘the glucoside up with the result that prussic avid is given out.
Dr. Auld ' maintains that the glucoside itself is not poisonous and that
in the animal the saliva and secretions of the stomach have a
remarkable effect upon restraining the fermentation of the glucoside,
so that an animal may not die, even if it has taken up enough of
the pure glucoside. In the case of green juar, however, its juices
are actd and act in the opposite direction to the saliva and stomach
secretions, neutralizing their effects. In consequence it is found
that, when the juar stalks and leaves dre eaten green, fermentation
of Dhurrin takes place in the stomach itself, and if there is enough
of it, the animal dies as a result of prussic acid poisoning. Tt is
possible that immature juar if fed with ground chalk would be far
less dangerous, as this would neutralize the excessive acidity and
prevent the formation of prussic acid.

The amount of Diwrrin in juar is not constant throughout the
life of the crop and changes considerably according to the age of
the plants. Climate, weather, and perhaps soil conditions are
probably important factors which also determine the change.

1 Journal of Agricullural Srience, vol, V, part IV,
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Brunnich’s * experiments in Australia inform us that the glucoside
is never wholly absent, but the quantity gradually’ diminishes
from the first stage of growth to maturity. At the earliest stages
"of its growth the young plant contains a very large quantity of it
and as the plant grows up and nears maturity, the cynogen in the
glucoside gradually changes into complex nitrogenous compounds
or proteins. In the varieties of juar that Brunnich experimented
with, he found the quantity of prussic acid to be so great that he
recommended that juer should only be used when the seed ears
are well developed, and that it should not be given to animals
which have fasted for some time. Willamon and West® have
found in America that in about two months the available prussic
acid under normal conditions is reduced to a harmless quantity.
This is confirmed by the common practice in India which is to
allow the cattle to feed upon the plants from the time they are
two months old until they are nearly meture. In our experiments
in & majority of cases we found the amount of prussic acid to be
negligibly small in the case of fully grown plants of about eight
weeks old. Willamon and West's experiments also tell us, in
what part of the plant most of the glucoside is to be expected. In
the first three or four weeks ol the plant’s life, it is concentrated in
the stalks; then it rapidly decreases and disappears from there
but apparently persists in the leaves in decressing percentages
until maturity. This explains why the goats which strayed into
the same fields as the bullocks at the time when the results were
fatal to the latter escaped without any harm, hecause they ate only
the leaves which then contained very little of the glucoside while
the bullocks ate the whole plants, leaves, stalks and all and
vonsequently suffered.

It is interesting to note that apparently even under similar
conditions of climate and rainfall, the same varieties of juar of
the same age give widely varying quantities of the poison; that
while the crop of one field may be dangerous that of a neighbouring
field may be quite innocuous. This is seen from the accompanying

V Jowrnal of Chemical Svcicty, vol. 83, page 788.
2 Journal of Agricultural Reséarch, 1913, vol, 4, no. 2, page 179,
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table which gives the percentages of prussic acid obtained from
the erops of three fields of the village of Khankitta near Sabour.
1t is possible that this is due to difference in the rates of germina-
tion, owing to differences in the moisture contents of the soil in-
which they were planted. This may give rise to a profitable line
of investigation. The samples from each of the fields were collected
on the same day and the acid estimated :—

Age of the crop when the | Date of collecting | Number of " Por cent. of | Urains of

first sample was taken the sample the Reld ¢ prussicacid prn;;\rcl.lw’vnl
I 4 *
1 3 3 4 p

About six wecks 3rd July 1815 1 00071
Ditto - . Ditto 2 00045
Ditto Ditto 3 0025
Ditto .| 5th Jaly 1915 1 006
- Ditto . - Ditto 2 00025
Ditte - Ditto 3 0107
Ditto . ... | Tth July 1915 2 1:0007
Ditto . - Ditto 3 0-0006
Ditto .. | Sth July 1915 1 0:0032

|
|
|
|

It will be seen that at the age of about six weeks the erops of
different fields, apparently similar, could yield materially different
amounts of the poison, and though all of them at the time were
more or less dangerous, in less than a weel, No. 2 and No. 3 had
their quantity of poison reduced so much as to be capable of being
eaten with impunity. It has not been exactly ascertained under
what conditions of cultivation and growth and at what periods,
aceumulation of the poisonous element in the juar becomes greatest.
As our attention was drawn to this late in the season when the plants
were rapidly losing their poison, no systematic investigation on the
subject could be carried out. The American experiments suggest
that manuring of a poor soil sometimes results in increasing the
amount of the acid in the plant, but certainly there are other factors
more important than the soil, which regulate the amount of the
poison.

In this season we altogether analysed 25 samples of which
seven were from the Sabour Farm and in all cases the farm crops
showed considerably less amounts of prussic acid than the outside
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ones. This was expected as the farm crops this year were very'
healthy and were growing vigorously. :
What should the enltivator do, if owing to persistent unfavour-
able conditions his fodder erop does not grow up properly and shows
a dangerous amount of the poison ¢ Tt is unlikely that éun-drying
will be of much use as this process will neither break up the gluco-
side nor kill the enzyme. In fact it was proved by Brunnich! in
Australia that sun-drying did not render harmless the poisonous .
juar. As soon as the dry fodder has been soaked in water the
enzyme will begin to act upon the glucoside and set the prussic acid
free. Instances are not wanting in-which the cultivator actually
sun-dries a erop which he suspects to be unsafe in the green state,
and keeps his dry fodder soeked in water for a considerable time
before he feeds his cattle with it. It is just possible that the danger
is fairly diminished by this method if sufficient time has been allowed
to the enzyme to break up the glucoside entirely, for prussic acid
is very volatile and may escape into the air except in so far as it is
held in solution by the water present ; which at times may be very
great. We see therefore that there is a considerable risk in using
sun-dried juar, firstly, if enough time has not been given to much
of the acid to escape, secondly, if there is a good quantity of the
acid present in solution after soaking. On the other hand, the
process of storing the green fodder in a silo considerably minimizes
the danger by breaking up the glucoside, and makes the silage a
safe food. This is illustrated by simple experiments conducted in
the laboratory at Sabour. The crops of which the prussic acid
content had been estimated in the same day were chopped and put
under pressure in small drums and were kept in position by lids
which were sealed with wax. About three weeks after the hds
were opened and the ensilage was analysed and in all cases
the quantities of prussic acid obtained were inconsiderably
gmall. That the glucoside was broken up was indicated by
distilling the ensilage with water and dilute sulphuric acid,
in both of which cases the same amount of prussic acid was

Loe, cit,
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obtained. The following tables give the results before and _after
putting in silo :— ‘

liefore ensilage !

0081 057 Very dangerons.

No. Bate of nlleillz'iil;;l;\n(l of patting - Rewanks
Prussic acid | Prussie acid in
per cent arains per |b.
o T
2, l 3 4 l 5
_1 | 14th Jaly 1915 0-0043 030 Dangerous
2 | 20th July 1815 0-0040 023 Dt
3 j19th July 1915

After ensjluge
No Date of analysis and of opening e —
the silage

i T REMARKS
Prussic acid ‘ Prussic acid in
per cent. [ graing per b,

. i
C2 3 l t
1 [ I5¢h August 1915 . 0-6001 0-0079
2 Diito .- Trace Trace
3 Ditto . 00002 00138

From the above we see that a crop contained on the 14th
July 1915 as much as 0°3 grain of the poison per pound of the crop.
Only 161b. of the stuff is quite sufficient to supply five grains of
the acid, the fatal dose for a country cow, while only 2 month after
putting the crop into the silo, the quantity of available prussic acid
was only 0008 grain per pound and 500 to 600 1b. of this stuff will
be required to produce fatal effects in a cow.

It appears therefore clear that even stunted juer will be
perfectly safe when fed to cattle after storing in a silo fora few
weeks. It is hoped that we shall take up furcher experiments on
* this next year.



HOW TO BOTTLE FRUITS, VEGETABLES, POUL-
TRY, MILK, MEAT, rrc, FOR DOMESTIC AND
COMMERCIAL PURPOSES.*

BY
E L. ROUT,
Inspector of Agricultnre, Cuttack.

Tur above is the title of a book by ex-Sergeant-Major George
Fowler in which are explained in a simple and Iucid manner
instructions to preserve fruits, vegetables, and other foods in bottles
and jars.

Sergeant-Major Fowler has patented special apparatus and
bottles for this purpose. When sterilized in this apparatus the
above-mentioned articles can be preserved in the vacuum bottles and
jars for an indefinite period.

With the kind permussion of Mr. James Taylor, Deputy
Commissioner of ‘Angul, who has the apparatus and has started
preserving with success garden produce of winter vegetables such as
peas and beans and has also preserved snipe, the writer is able to
furnish this article, with the hope that others who are interested
in this work might take it up. )

* * * * *

APPARATUS.

The outfit consists of a bottling apparatus of tin with a
thermometer, vacuum bottles, clips and rubber washers or
rings, a brush for cleaning the bottles, The thermometer is
placed on the side of the apparatus made for holding it in, which
is connected with the inside by a passage through which the water

* Reprinted from the Agricultural Journal of the Depl. of Agri., Bihar and Orissa,
vol. ITI, part IL
( 384 )



HOW TO BOTTLE FRUITS, VEGETABLES, &C. 385

comes in and marks the temperature. The apparatus for heating
can be used on an ordinary kitchen or oil stove or a gas burner.
The following is a brief description. Full details canuot be given
as the system is patented, but instructions accompany the apparatus.
How io steritlize.  Put the bottle filled in with fruits or vege-
tables (cooked or uncooked as the case may be and covered with
patent covers with rubber rings) into the apparatus containing water
half to three-quarters the height of the bottles. Heat the water
slowly to a certain temperature. Now reduce the heating medium
" and then let the bottles remain in the apparatus at a lower
temperature.
. If the bottled fruits be intended for commercial purposes the
contents of the bottles must not be sterilized at too higha
_ temperature in order to avoid breaking, shrinking and rising of the
contents in the bottles which will mar the value of the articles.

Take out the bottles, taking care to keep them on wood or

thick paper as the jars might crack in contact with a cold surface such
as marble or iron. Keep for 48 hours with the clip or clips on,
when ﬂhey may be taken off or used for other bottles. "~ If the
bottles are hermetically sealed the covers should be fast on them,
if not then the cause should be rectified and the sterilization
repeated. ) ,

An unsuccessful sterilization would cause air to get in and
forment the stuff in 18 to 36 hours or become mouldy in a few weeks.
If all the germs contained, in the fruit, vegetable or meat, ete.,
heve not been destroyed by sterilization although the bottles are
found to be sealed hermetically fermentation will ocour and gases
collect within the bottles.

The secret of bottling is the thorough sterilization of the articles,
on which depends the destruction by heat of every germ in the
" water and contents within the bottles and the exclusion of air during
the process when hermetical closure of the 1id is caused by the air
being exhausted from the bottles during the heating. To ensure a
more perfect vacuum the cover should be on the apparatus.

As both cooked and uncooked articles are preserved the process

for each of the methods is slightly different. )
26
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For bottling cooked vegetables a high temperature is absolutely
necessary. The vegetables must be freshly gathered, prepared,
washed in salt and water and cooked (for peas and beans boiling is
done for two or three minutes only). Then they are dipped in cold
water for a few seconds before being put into the bottles. The
bottles must be washed beforehand and put into three-quarter ounce
of salt. Fill them with cold water and close them with cover and
clip (not using the rubber washers or rings). Add salt to the water
in the sterilizing apparatus from 1 lb,, 2 Ib., 3 1b. according to the
size of sterilizing apparatus. After sterilizing for the first time for
two hours at a high temperature it should be continued again at an
interval of 48 hours at a lower one.  The clips should not be removed
after 48 hours have elapsed after the second sterilization. Thus
the vegetables are bottled and kept for use.

The cost of the apparatus varies from 20s. to 50s., including
a number of bottles, and can be had of Geo. Fowler & (o,
72, Queen’s Road, Reading, England.

In India, where there is so often a superfluity of fruit and
vegetables at one season of the year and total absence at another
the advantage of bottling surplus produce is evident. ’
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RINARY OFFICERS ON MILITARY
DUTY.

Tr following Officers of the Agricultural and Veterinary
Departments are serving with His Majesty’s forces for the period
of the war. Any further particulars as to their movements,

AGRICULTURAL AND VETE

© 8. N. Mitra

transfers, ete., will be published here if notified to the editor.

»

|
Name \'

Designation

’} Particalars regarding service

IMPERIAL DEPARTMENT OF AGRICULTURE IN INDIA.

Major J. W, Leather, v.D,
rLC

J. H, Walton, B.A, BSC. ..

P. G, Patel

H. N. Sharma, B.A.

L. 8. Joseph, ¢.B.V.C.

P. C. Kar

T, V. V. 8nbramania Aiyer.
» P Nafayanan

D. P. Singh

|
|

Lately Imperial Agrienl-
taral Chemist, Pasa.

Supernunmerary  Agrieul

tural Bacteriologist,
Pusa.
. Assistant, Mycological

Section, Pasa,

Asgistant, Pathological
Entomological  Section,
Puga,

Ditto

Veterinary Assistant,
Pusa,

Fieldman, Mycological
Section, Pusa.

Typist, Entomological|.

Section, Pusa.

Artist, Publication
Branch, Pusa.

Fieldman,  Pathological
Entomological  Section,
Pusa.

Joined the Army in England. A

Major in the 3rd  Garrison
Battalion of the Cheshire Regi-
ment,

Joined the Indian Army Reserve of
Officers on 4th June, 1915, on
active service in Mesopotamia.

Joined the Military_Service on 6th

July, 1916, as Indian Warrant
Officer, to help Captain C. F. C.
Beeson in dealing with the fly
nuisance in Mesopotamia.

Ditto.

Ditto.

Ditto.

Ditto.

Ditta,

Ditto,

Ditto.

IMPERIAL BACTERIOLOGICAL LABORATORY, MUKTESAR.

R. V. Norris,
{Manch.), F.IC., DSe
(Londou} ;

I
|
|

¢ H K. Macalister,[

M.A,, B0, M.D, n.p.a.,;
M.R.C.8., LB.CP |

M.sc. | Physiological Chemigt,
Imperial Bacteriological

Laboratory, Muktesar,

Pathologist, Imperial
Bacteriological  Labora-
tory, Muktesar,

' Joined the Military Department on
the 7th of October, 19165 now on
active service in Mesopotamia as
Second Lieutenant, I A,

attached  to  11%th  Mahratfa
Infantry.

|

;j .

| Permitted to apply for  active

k service under the Director-Gene-
i ral, Indian Medical Service.
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Name : Designation Particulars regarding service
BENGAL.
K. McLean, B.sc. (Rdin.) .. | Deguty Divector of Agri- Hasalready applied to join the Indian
culture, Dacea. i Army Reserve of Officers.

A.]).MncGregor.M.R.(‘J.V:s, Oﬂzuanng Superintendent, l Posted to Meerut on the 18th V'eb-
Indian] Civil Vetmnmy ruary, 1916.
Depanmunt

P. J. Kerr, M.R.C.V.S, ... | Superintendent,  Indian }Serving with Expeditionary Force,
Civil Veterinary Depait- { D. No. 9, I'ield Veterinary Section,
ment- with effect from 10th July, 1915.

|
i Serving in 15 Corps, Ambala Can-

Nalinakshya Basu
tonment, from 14th May, 1916.

Veterinary Assistant

Nagendra Nath Banerjee .. Ditto . Berving in 47 Corps, Lahore Canton-
J ment, from 21st May, 1918,

Bidhu Bhusan Sen Ditto ‘O(f’eel in charge Transport Corps,
Lucknow, from 9th May, 1916,
|

Jitendra Nath Sen Gupta Ditto "Ofcer in charge Transport Corps,
i Luckuow, from 15th May, 1916,

Khagendra Nath Ghosh .. Ditto ... | Serving in 71 Camel Corps, Feroze-
pore, from 2nd June, 1916.

Sailendra Lal Sen Ditto ... | Berving in 16 Grantee Camel Corps,
szwﬁpmdx, from t4th June, 1916.

Jagman Singh . Ditto ... | Serving in 33 Cavalry Depdt, Sangor,
from 40th May, 1916

BIHAR AND ORISSA.

E. J. Woodhonse, M.A., | Economic Botanist and | Joined the Indian Army Reserve

F.L&. Principal, Sabour Agri-| of Officers on 14th March, 1915,
cultaral College. serving s Lleutenant Central
India Horse, L K, F, * A

N. 8, McGowan, Diploma | Professor vf Agriculture, | Joined the Indian Army Reserve of
in Agriculture (Cantab.)| Sabour. (MHicers on Bth March, 1915, served
as Second-Lieutenant, 53rd Sikhs,
LE T “E” Wounded in action

and is in hospital.

UNITED PROVINCES.

A. E. Parr, Ph.D,, MA, Deputy Director of Agri- | Attached to Lith Cavalry, with effect
B,SC., M.8, .| culture, Aligarh. from 31st August, 1915,
R, D. Fordham ... | Garden Overseer - .. | Attached to Indian Expediticnary
Forco ** B,” South Africa.
W. 8. Smith . Ditto Ditto.
- T¢ 8. Davies ... | Deputy  Supevintendent, | Private Anglo-Indian Force attached
Indian Civil Veterinary | to 1st South Lancashive Regi-
Department. ment, Quetta.
M. Sadiq Husain ... | Veterinary Assistant ... | 27th Mule Corps', Peshawar.
Sirdar Jogendra Singh Ditto ... { 3rd Skinner’s Horse, Bareilly.
Sirdar Kehar Singh Ditto ... | 16th Cavalry, Lncknow.




AGRI. AND VETY. OFFICERS ON MILITARY DUTY 389

! . N ! . n
 Name | Designation i Particulars regarding service
N SO RS

United Provinces—contd,

Sivdar Murat Siogh .. Veterinary Assistant .. i 3dth Prince Albert Vietor's Own
i Poona Hoise, Ambata,
Sirdar Niranjan Singh .. Ditto - : 36tk Jacob's Horse, Ambala.
‘M. Bashir Mohamed Khan | Ditto . ;-'iﬁ'th King George's Own Central
. ] ’ India llgl'se, Ag:r{r.
Sirdar Nand Singh ‘ Ditto . i{lst Mula Corps. Sialkot,
. M Abdul Rahman Ditto } 46th Mule Corps, Rawalpindi.
Rai Kedar Nath Ditto - l 17th Meule Corps, Baunu.
Munshi Rabat Husain = .. Ditto .. 1 40th Mule Cadre, Laliore.
PUNJAB.
H. Souothern, M.a. - Deputy Director of Agri-!Joined the Indian Army Reserve of

cnlture, Gurdaspor,

Ofticers on the 12th of Mareh, 1915,
28 Becond-Lieutenant, Kxpedition-
ary Force, Reportad missing in

| | Mesopotamia; unofiicially under-
! | stood to be a prisouer in Tarkish
| " hands,

" BOMBAY.

T. Gilbert, B.A. (Cantab.), \ Deputy Divector of Agri- Has already applied to join the Indian
Diploma in Agriculture! culture,  Southern) Army Reserve of Officers.

{Cantab.) Division, Dharwar. |
E. S Farbrother,| Veterinary Oficerattached [ . Ditto,

Superivtendent,  Civil ]
Vetevinary  Department,
Sind, Baluchistan and?

i

MR.CL V.S, | to the " Office of the
|
I Rajputana.

MADRAS.

B. Ballard, B.A., F.ES. ... (overnment Entomologist | Joined the Avmy in England with
: effect from 12th Februarvy, 1916
serving in Royal Field Artillery.

. J. D'Costa | Veterinary Iuspector ... Joined the Army on the Bth of

W. d. DCost v iep © November, 19143 Veterinary
{nspector attached to No. 10, Field
Veterinary Section, Indian Ex-
peditionary Foree “ 1.

5. O i i inary Assistant .. | Served in the Military Department
8. C. Jeyasingh Raj iVetenmxy Assiy [Berred e ombor 1901t 36t
: January, 1916, when he returned to
| i his original post, being invalided
| for military duty.
| .
H i .| 3erving in the Army Department
8- 8. Lakshman l Ditto ! siuceg 11th May, 1916, as Reserve
! Vetevinavy Assistant through the
Base Transport Officer, Indian
Expeditionary Force ** D,” Makina
Musus.

N Ditto ... | Serviug as Veterinary Assistant, 20th
Dunean Horse, Neemuch, from lst
| April, 19i6.

It, Rajamanikkan Pillai
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Name Designation Particulars regarding service

CENTRAL PROVINCES.

J. R. Ritchie, M.A., B.sc. ... | Deputy Director of Agri-| Has already applied to join the
culture, Western Circle,| Army.
Nagpur. .
L. M. Roy ... | Veterinary Inspector .. | 35th Scinde Horse, Jubbulpore.
Abdul Rahman Ditto ... { Depét 29th Lancers, Saugor.
Hemraj Singh ... | Vetevinary Assistant ... | 20d (Rawalpindi) Division,
Atta Mahomed Khan .. Ditto Ditto. » !
D. Mulla Singh Ditto . Ditto.
M. A, Gafoor Khan Ditto . Ditto.
B 8. Pardeshi Ditto . Ditto.
Mohan Lal Bali Ditto ... { 45th Mule Corps, Ambala.
P. 8. Nair Ditto . | 54th Camel Corps, Lahore Caaton-
nment.
k. K. Patankar Ditto ... 1 1lst Camel Corps, Ferozepore.
Mirza Klll‘thd Ali Beg .. Ditto Ll Ditto.
(azi Minhazuddin el Ditto ... | Not yet posted.
ASSAM.
A. G. Birt, Bse. (Durbam) \ Deputy Director of Agri- \ Jained the Indian Army Reserve of

culture, Assam. Ofticers on 30th April, 1915 ; attached

, to the North Staffords Regiment

. and then transferred to the 87th

!  and 82nd Punjabis, Invalided to
| i India temporarily.

U. Kollington .. | Veterinary Assistant .. " Posted to 3rd {Lahore) Divisional
© Avea; Jullunder.
Suresh Chandra Chanda ... l Ditto .. Attached to Sth (Lucknow) Division,
i i Lucknow.
BURMA.

Colonel &. H. Evans, ¢.L.E., Sl‘x'periutendeub, Civil] Served at Rangoon as Port Defence
A.D.C., M.R.C.V.5. eterinary Deprriment. Volunteer from 5th August, 1914, to
15th January, 1915,

Major T. Rennie, M.R.C.V.8. Second  Superintendent, Ditto.
Civil Veterinary Depart-
ment.



NOTES.

~ The Preparation of Indigo Paste. Mz, W. A. Davis, the newly
appointed Indigo Research Chemist, instituted experiments imme-
diately on his arrival in India to ascertain the best methods of
preparing indigo paste of standardised indigotin content and of
preserving such paste from bacterial change during stovage or trans-
port. He has established that there is no real difficulty in preparing
an indigo paste containing approximately 20 per cent. indigotin.

A large scale sample of about % ton of uniform indigo paste was
prepared at the end of July at the Honourable Mr. D. J. Reid’s
factory at Belsund and this has been sent to England for the dyers
to report upon.

Experiment has shown that probably the best method of
rendering the indigo paste stable is to make it slightly alkaline during
mixing, by adding about 0'5 per cent. of soda ash. Such paste can
be kept for months without showing any development of bacteria
or change in composition. There will be no difficulty in preparing
homogeneous indigo paste provided a.suitzble mixing machine is
installed in the various factories. We await with iuterest further
developrents.—[ BDITOR. ]

***

The Improvement of Fodder Production in India. The improve-
ment of cattle in India depends largely on & plentiful supply
of good fodder. This fact is now being generally recognized
and few people are to be found who believe that any real
progress can be made in animal production if the food-supply
remains, as at present; a Iimiting factor. The first step in the problem
is to feed the animals which already exist. The creation of new
types and the improvement of the present breeds by selection are

( 391 )
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matters of secondary importance in so far as the cultivator is
concerned.

, The increased production of fodder per unit area is one of the

subjects which has been taken up at the Quetta Fruit Experiment
Station. In order to get the land into condition for fruit and also
to provide a cover-crop between the rows of young trees, various
annual fodder plants have been tried. Of thege, Persian Clover or
shaftal (Trifolium resupinatum) has proved the most satisfactory.
This is a rapidly growing annual which can make use of the winter
rains and which gives a large amount of fodder, the last crop of
which forms an excellent green manure. An account of the ‘culti-
vation of this crop and of the preparation of clover hay has already
been published.! TIn the present note, the best method, so far
discovered, of indueing the crop to give the highest yield per acre
is dealt with. :

Where the irrigation water is limited, as at Quetta, two means
of mcreasing the duty of water in fodder-growing have been found
successful. In the first place, crops like shaftal grow faster and
need less water if the land is manured in the first instance with
farm-yard manure at the rate of about fifteen to twenty tons per
acre. The manure apparently increases the aeration of the soil for
the benefit of the root-nodules and the effect on the land is not lost
in subsequent years. Iudeed the growth of the shaftal improves
the fertility and the second year’s crop without manure is better
than the first. The second method of making the water go further
is by the proper grading of the surface so that the irrigation water
flows evenly over the land. 1Insuch fields, long narrow kiaris, about
300" x 25', canbe watered easily from one end from a well-made,
turfed distributary. The expense and trouble in grading and
levelling and in the adoption of the most suitable form of kiars is
well repaid by the amount of water saved, by the ease with which

irrigation ¢an be carried out and in the evenness of the resulting
crop.

Y Clover and Clover hay, Bulletin no. 5, Fruit Expsriment Station, Queua, 1915 (reprinted
in the Agriculturat Joumal of India, vol. X1, p. 71, 1916).
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During the past season, one of the plots at Quetta which was
not m very good condition was put down in shaftal in August 1915
The land was manurcd with farm-yard manure at the rate of about
20 tons per acre and sown with shaftal under a thin cover-crop of
maize. The area of the plot was 0'6735 acre and five cuts were

" taken as follows :—
1h,

1. First cut on Octoher 18th, 1915 1323
2. Second cut on December 2ud, 1915 . 1185
3. Third ecut on March 14th, 1916 . 6,040
4. Fourth cat on April 20th, 1916 12,730
5. Fifth cut on May 19th, 1916 . ORI - s v4

Total of five cuts 38y

The last crop, which was about the same as the fourth or fifth
in weight, was not harvested as this particular plot was kept for
seed. Taking this at 12,000 1b., the total of the six cuts would liave
amounted to 50,017 1b. of green fodder. This works out at
3315 tons per acre per annum. - At eight annas per 1001b., the year’s
produce would be worth Rs. 871 per acre, an income obtained
with the minimum expenditure of water and resulting in an increase
in fertility. This result, which has been confirmed many times
at ‘Quetta, indicates the methods which should be adopted in
fodder growing on a2lluvial soils in India—intensive cultivation
combined with the minimum expenditure of irrigation water. It is
probable of course that still heavier manuring would give more cuts
and more produce per cut. This has not been tried up to the
present as the supply of farm-yard manure in the Quetta valley
is limited end there is no point in discovering improved methods
which eannot possibly be applied.—[A. Howazp.]

' o :

A PAPER on “Seientific Agiieulture in India™" by Mr. Jasss
MacKenna, M.A., LS., Agricultural Adviser to the Government
of India, and Director, Agricultural Research Institute, Pusa, was
read at the meeting of the Royal Society of Arts on 27th April, 1916,

by Sir Steyning W. Edgerley, K.C.S.L, K.C.V.0,, C.LE. The paper
was much on the lines of his recent monograph on * Agriculture
in India” The discussion which followed is published in the
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Journal of that Society, Vol. LXIV, No. 3316, June 9, 1916, and is
reprinted here as it contains much that is suggestive -and
illustrates the different points of view which appeal to workers in
different lines. ,

The Chairman (Sir Robert W. Carlyle), in opening the dis-
cussion, said the out-turn of rice in India far exceeded that of
any country in the world of which we had accurate figures, it being
grown over an area which was almost equal to that of Great Britain
and Ireland. The production per acre, however, was not at all
satisfactory. Compered with countries like Ttaly and Spain it
was very poor, the out-turn in Spain being on the average about
five times as great per acre as that in India. In the out-turn of
wheat India was second to the United States and Russia, it being
grown over an area greater in extent than England. The importation
of Indizn wheat last year played a great part in preventing
an exorbitant rise of prices at a critical period. Here again the
production per acre was low, it being barely one-third of the average
out-turn in this country. Indie had the second largest out-turn
of cotton in the world, taking second place to the United States.
As regards sugarcane, it headed the world. The out-turn per acre
was bad, the average in India being about one ton of raw sugar per
acre against four fimes that amount in Java end Hawail. Thus
there was a large margin for improvement in quantity and very
often in quality of the crops grown over large areas in India. It
was impossible to hope that, within any reasonable number of years,
the out-turn of rice or wheat per acre would approach that of Spain
or England, but it was possible by scientific agriculture to obtain
something very much better than the present meagre results. The
author had indicated that it was expected ina few years, owing to
one improvement in wheat alone, to make £5,000,000 a year more
than at present. That improvement affected only one-sixth of the
ares under wheat, and it would bring the yield up to about one-half
of what it was at present in England. The improvement of
agriculture in India was, he believed, the greatest problem now before
that country. The Indian agriculturist often did admirable work
80 far as his means allowed, and by many centwies of experience he
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had evolved excellent methods, bus their practice could be improved
by scientific application. He did not in the least underrate the
importance to India of general industrial development. 1t was very
desirable that the proportion of the population entirely dependent
on the vicissitudes of the seasons should be diminished ; but the
main staple of India must for all time, so far as he could see, be
agriculture. The development of agrieulture was not only of vital
importance to India from the pomt of view of the economic welare
of the people, but also of very great importance politically, He
believed that under Indian econditions, no political development
gould be altogether sound which had not at its base a prosperous
peasantry capable of understunding and teking its full part in the
local administration. It was very fortunate that just at the time
when, under Lord Curzon’s government, the Agricultural Department
was put on its present lines, the great co-operative assoctation
movement was also developed. He locked to that movement to
produce a profound transformation of Indian socia] conditions.  In
the ten vears that clapsed since it was first really sturted, 750,000
members had joined the associations, and he had seen in all parts
of India the great increase in the well-being and well-living of
villages where they flourished. ~As the author had pointed out, the
two directions i which agriculture would greatly benefit by the
movement were, firstly, that it_enzzb]ed the Agricultural Department
to deal with bodies of agriculturists instead of with single cultivators ;
and, secondly, it enabled the cultivator to borrow money at a
Late of interest so low as to enable him to apply eepital to the
soil with profit. The eultwvator had not, so far, availed himsell
of that privilege to any great extent, but he was sure that there
would be rapid development 1n this direction, and that, owing to
the influence of the associations, much more capital would be
applied to the soil. India owed a great debt of gratitude to Lord
Curzon for his action in regard to agriculture in India. [t was very
laxgely owing to the interest that he had taken in f.he 1T1:».tte1-, and
to his insight into the best methods of furthering it, thm‘: the
Agricultural Department owed its organization on present lines;
and it was also largely due to him that legislation was passed
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which made co-operative associations possible, and which provided

the administrative machinery for stimulating the growth of such

- associations. It was also under Lord Curzon’s rdgime that Sir
Colin Scott-Moncrieff's committee was appointed which investigated
the possibility of developing irrigation in India, and the result
of its labours had been that the amount of work done since then
on irrigation had enormously increased. All the time he was a
Member of Council he never experienced any difficulty in getting
money for any irrigation scheme which was ready. The author
had shown in his paper a thorough grasp of the problems with which
the Indian Agricultural Department had to deal, and he was sure
the country would derive great benefit from his knowledge and
capacity during his tenure of office as Agricultural Adviser.

Sir H. Evan M. James, K.CLE, CSI., thought from his
experience, going back fifty years, that very great difficulty would
be experienced in getting the conservative agriculturists of Tndia to
support the Agricultural Department. Fifty years ago there was
a great demand for good Indian cotton in consequence of the
American War, and a very distinguished Collector, without any
assistance from Government, bought up all the seed which he could
procure of the best variety then on the market, called Hinginghat,
and forced the ryots to sow it. If any ryot sowed any of the old
bad indigencus eotton his crop was pulled up. As a result, in the
first year the ryots of that district benefited to an ineredible extent,
owing to the superior value of the new crop. At the conclusion
of the American War interest in Indian cotton on the Liverpool
cotton market died out, and an Aet which had been passed in Bombay
to prevent the adulteration and mixing of cotton was, at the instance
of the Bombay merchants, repealed. As a result Indian cotton
again became a byword in the market ; but a fresh attempt was
now being made to revive the cultivation of better staples. Unless,
however, the Government of India were prepared to go further
than merely introducing good staples, by insisting on their being

" grown and kept pure, all the very benevolent experiments referred
to in the paper were, go previous experience proved; likely to prove
abortive. The ryot was a very nice fellow, but he was very
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conservative ; and although undoubtedly a good deal might be done
in the way, of improving Tndian cotton, it wasa very long and hard
climb uphill to do anything really practical and permanent.
Nevertheless, he wished every success to the Department.

- Sir Andrew H. T, Fraser, K.C.8.1. (formerly Lieutenant-Governor
of Bengal), differed entirely from the remarks made by Sir Evan
James, his experience making him an optimist in regard to the
future of Indian agriculture. He believed the Indian cultivator
was perfectly ready to adopt any method which was actually proved
to pay, but it was necessary to show him that something was to be

gained by adopting the recommendations of the Department. It
was 1ot his experience, especially in later years, that it wes difficult
to get the ryot to move in the right direction. He was very glad
to think that the abominable heresy that an improvement in
agriculture could only be obtained through the meédium of large
capitalist cultivators had now been dispelled.  Capital was, of course,
necessary ; but he would rather give up hope of improvement then
gee the smaller cultivators swallowed up.  The growth year by vear
of the co-operative system, which had been initiated with so much
success, filled him with the greatest belief in the future of Indian
agriculture. ,

Lieutenant-Colonel S. H. Godfrey, C.LE, Indian Political
Department, said that Central India contained many forest tribes
which took very reluctantly to agriculture, butwhich worked very
keenly on the development of forest produce. The importance of lec
was brought home to him shortly before the war. The Meharaja of
Rewah started a lac factory on up-to-date lines in order to develop
that very important industry in Central India, and shortly before
the war Germans offered to take the whole of its output, which they
mixed with cheap German aleoho! and exported as varnish.  When
war broke out the German trade stopped, and the forest trihes were
threatened with the elimination of their means of hivelihood. Two
small States in Central India, in order to rescue their forest tribes,
started a scheme to work the fastory themselves, which proved
successful - and as the markets in Central India for forest produce
were limited, a project was submitted to the Government of India
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to develop a wider ambit for the Native States which had the various
forest tribes depending upon them. It wasapproved by the Govern-

ment of Tndia, and the Maharajas of Dattia, Panna, and Chhattarpur,
the Rajas of Nagod and Maihar, and the Chaube-Jagirdars of the
Baghelkhand Political Agency formed a private limited liability com-
pany for the development of the work. Shortly after the beginning
of the war, Cawnpore was suffering from the want of tannin;
the Chiels employed a scientific expert to report on their produce,
and they discovered they possessed some very valuable tanning
which were wanted by the Cawnpaore factories {for the manufacture
of army equipment. The company at present deal with lac, tanpin,
and lides, and the Maharaja Holkar of Indore had established a
factory for the manufacture of vegetable dyes for the replacement
of aniline dyes. It was the first co-operative State scheme that had
been started in India, and had great possibilities. The Central
Indian States covered a very large area, from which it might be
possible to obtain acetone by dry distillation, and tannin, the latter
of which would go far towards supplying a very sore need at present
in India, which had to be met by the importation of wattle bark
from countries as distant as South Africa. If encouragement were
given to the far-sighted and patriotic Indian Chiefs who had risked
their money in the coricern, it would not only benefit them and their
people, but it would go a long way in the scientific development of
other States. The Chief Commissioner of the Central Provinces
had signified his approval of the scheme by giving to the company
large tracts of forest in the northern portions of the Central
Provinces on what was practically a profit-sharing basis, which seemed
to show that a responsible official had some belief in the development
of Central Indian forest produce on scientific lines. His Majesty’s
Secretary of State for India had sent a tannin expert to India and
Burma with instructions to visit the Native State factory at Maihar,
in Central India.

Mr. A. Yusuf Ali, LC.S, (vetired), pointed out that the apparent
slowness with which agricultural improvements were introduced
into India was not due so much to the unreasonable attitude of the
ryots or of the people as to certain conditions which made it difficult
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for them to utilize those processes from which they were convineed
they could, make money. He was an optimist in regard to the
improvement of Indian egriculture in the future, but there were
four main difficulties in the way of & greater scientific application
of improved methods. Firstly, the ryots had very little capital,
Although agricultural co-operation had placed within their means
the power of combining together and raising capifal, it must be
recognized that the co-operative credit movement was in its infaney,
and as long as rates of interest of 9 and 12 per cent. prevailed it
was impossible to spesk of the salvation of agriculture in the matter
of borrowing capital. The second need of the Indian agriculturist
was a better organization not only in regard to the selection and
issue of good seed, but in the selling of the produce. The rvot often
received far less than his due for his produce, a larger proportion
than was equiteble going to the middleman. Thirdly, a more
favourable fiscal arrangement was required. Many of the by-
produets of agriculture were not utilized because the ryot sometimes
felt that he was handicapped by the Revenue Law. A great deal
had been done in recent years in the Northern Provinces in the way
of ensuring to the ryot the benefit of any improvements he made,
_'but he did not have as much protection as he should do. The
zemindars wete also chary in many cases of investing capital in the
land, hecause they found that, in the periodical settlement, they
did not always obtain the results which were contemplated under
the Revenue Law. An improved Revenue Law in regard to the
partition of land was required. Small holdings were sub-divided
to such an extent that holdings of less than one acre existed. Such
minute sub-division was not necessary, and it would be found in
many cases that they were merely paper sub-divisions. It was
necessary to insist that in Revenue partitions the holdings should
be compact and not scattered about. The most important neeessity
of all was improved agricultural education, because in  his
opinion more capital would be forthcoming, better organization
would be available, and better fiscal arrangement would be Ingisted
upon when the agriculturist was better educated. Education—the
right sort of education—was the crux of the matter, and he would
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like to have seen more attention devoted to that subject in the
paper. i .

Sir Frederic 8. P. Lely, K.C.S.L, C1E, expressed his sense of
admiration of the silent but substantial work that had been done
in India during the last few years by the Agricultural Department.
Compared with earlier days there had been an enormous. advance
in the manner in which the Government had dealt with the subject.

Mr. J. 8. Beresford, C.ILE., said the agricultural conditions in
Egypt were very much the same as in India, but there was a great
difference in the results obtained and the rentals charged for the
land. The difficulty in India was that the cultivator had a very
small amount of capital, whereas in Egypt the farmer thought
nothing of spending £2 an acre on imported artificial manures,
without which the large crops grown could not be produced. He
doubly recouped the expenditure by the greater yield. It was
impossible for the best production from the land to be obtained
without the expenditure of capital, and in any new schemes the
Government of India introduced that fact must be borne in mind.
1t was of interest to mention that since the Agricultural Society of
Egypt took in hand the purchase and distribution of artificial manure
the consumption had largely increased. The import in 1909 was’
21,000 tons, value £178,000 ; while in 1912 it had risen to 70,000 tons,
value £668,000. Ninety per cent. of this was nitrate of soda. It
was chiefly due to the judicious application of such manure that the
high level of production in Egypt was now maintained, for the
supply of nitrates from the numerous ruins in the country, on which
the people formerly relied, was fast becoming exhapsted.

Sir Daniel M. Hamilton, in proposing a hearty vote of thanks
to Mr. MzcKenna for his admirable paper, thought the last speaker
had put his finger on the weak spot in Indian agriculture, viz., the
want of finance on. the part of the cultivator. It was impossible
to build up any industry unless it had a sound system of finance
at its foundation. Until the financial question was settled he was
afraid Indian agriculture would not advance as rapidly as it should
do. . He recently read a paper by Mr. Howard calling attention to
the fact that the surface soil of India, which was the best part of
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the soil, was being washed away. Mr. Howard advocated the
erection of irrigation bunds to hold up the soil, but such work
could not be carried out without money. So far as manures
were concerned, he hoped a trial would be made in India of the
bacterialized peat discovered by Professor Bottomley of King’s
College. It had been proved to be a first-class manure, and was,
he understood, being manufactured by the Manchester Corporation
at £3 a ton. The Government had recently appointed a Commission
to study the question of helpmg Indian industries, Tverything
possible should, of course, be done to help manufacturers of every
kind; but it was often forgotten that the agrieultural population of
India must always be the great purchasers of manufactured goods,
and it therefore seemed to him that one of the ways in which the
industrial development of India could best be helped was to develop
her agriculture in every possible way.

Sir Frederic W. R. Fryer, K.C.8.T. (late Lieutenant-Governor
of Burma), in seconding the motion, fully endorsed Sir Andrew
Fraser’s statement in regard to the willingness of the ryot to take
up any improvement provided he could be convinced that it would
pay him to do so. When he was Deputy Commissioner of Hazara
he introduced to the sugarcane growers the iron mill made by
Mr. Milne, and they adopted it in preference to their wooden mill,
as it could be worked with one bullock instead of two; but they
would not use the English plough because it necessitated the nse of
two men and two bullocks, compared with one man and one bullock
with the native plough. The cultivators in India were always ready
to adopt any improvements that were visible to their personal
observation, and he was certain they would be only too pleased to
avail themselves of the services of the Agricultural Department.
That Department was evidently doing very good work, and the
development of agriculture was, as Lord Gurzon perceived, one of
the first objects to which the Government should devote its attention,

The Chairman, before putting the motion, said that Sir Evan
James’s scepticism was not altogether unnatural, as cases had
oscurred in which the cultivators had thrown away the whole advan-
tage they had gained from selection of 'seed by adulteration on a

27
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large scale, The Agricultural Department was now fully alive to
that danger, and the organization was so good that it was not likely
to ocour again. He also thoroughly agreed with Sir Daniel
Hamilton’s remark that finance was of the greatest importance to
agrieutture. .

The resolution of thanks was then put and carried
unanimously.

Sir Steyning Edgerley promised that the vote of thanks which
had been so heartily passed should, in due course, be communicated
to Mr. MacKenna. The suggestion was made in the paper that
organized development was begun in Bombay by Mr. Mollison, but
he was sure that gentleman would be the first to acknowledge the
labours of a Bombay eivilian, the late Mr. Edward Ozanne. He
went home to Cirencester in 1881, took his M.R.A.C., and on his
return to India was appointed in 1883 the first Director of
Agriculture in Bombay. Mr. Ozanne did much spade work between
1883 and 1890, and had successfully dealt with the dairy industry,
the number of dairies run on seientific lines having been raised from
one to about 800 by 1888, if his memory was correct. Ie thought
it would be found that it was because of Mr. Ozanne’s-success that
the business in Bombay outgrew his powers of dealing with it, and it
became possible to convince the Government of India that there
was & good case for bringing out Mr. Mollison as Superintendent of
Experimental Farms in 1890. It remained only for him to express
the thanks of the Committee to Sir Robert Carlyle for kindly
presiding that afternoon.

*
* %

WE quote the following from an article on Ayrshires in India
printed in the North British Agriculturist and reproduced in
the Journal of Dairying and Dairy Farming in India, Vol III,
Paxt I1.

“ The native cattle of India are almost entirely of the humped
type. They are very useful and docile cattle in the main, but they
are not heavy milkers. They, however, yield very well in butter-fas,
the average as a rule being about 4} per cent. The problem set
before Mr. Smith (Assistant Direotor of Dairy Farms), and his fellow-
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workers, therefore, was to find the breed most suitable to cross with
these cattle in order to increase quantity, and at the same time not
materially reduce the butter-fat yield. The importance of main-
taining the butter-fat ratio will be apparent when it is stated that
the milk supplied regularly to the Army authorities is expected to
average about 5} per cent. of butter-fat. The way that this is
done is to keep attached to each farm a certain number of buffalo
aows, and to mix their milk with that of the ordinary cows. The
huffalo cow is not a heavy milker, but, like the native Indian cow,
she produces a high ratio of butter-fat, the majority indeed giving
up to 74 per cent. A mixture accordingly of two parts cow’s milk
and one part buffalo’s milk usually gives about the desired percentage
in the mixed milk. But of course that did not get over the question
of increasing the yield of the native cows, and to do this experiments
were carried out with Ayrshires, Holsteins, Shorthorns, and one or
two other milky breeds. It was interesting to hear from Mr. Smith
that of all these the Ayrshire did best. Not only did the imported
animals themselves live better than did those of either of the breeds
mentioned, but their progeny were generally of a hardier class,
while they came consistently more milky. So pleased are the
authorities with Ayrshires for this purpose, that they have practi-
cally adopted the Ayrshire bull s their crossing animal, some having
been imported this year for this purpose alone. We have seen
recent photographs of first crosses between Ayrshire bulls and native
oows taken on the Government farms in India, and while the animals
preserved undoubted indications of their mixed ancestry in slightly
dropping ears, and in rather dreamy heads in many cases, they also
showed distinet traces of the Ayrshire in their colourings anq body
formation. Many of the animals are spotted and speokled ]uat‘ a8
is often seen in a mixed-colour Ayrshire at home, wh.ile th.e ('iro.opmg
quarters of the native cow is neatly always minimlze.d, if it 1s not
entirely eliminated. Mr. Smith is greatly pleased Wlﬂ.l the result
of the cross, and says that already, through its use, 1t ha's been
possible to increase the average herd yield as c'ompared with the
wholly native cow days by something approaching 100 per cent.
An interesting feature of the Ayrshire crosses is that there is almost
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no trace of the hump of the native cow on them. The excrescence
seems to disappear at once, while the crosses are very little short
of the native cattle in hardiness and ability to stand the often trying
heat. Very feir crosses were got from both the Shorthorn and the
Holstein in some cases, but the former especially were inclined to go
to beef, and the latter were greatly affected by the climate, many
~ of the original importations dying before full use could be got of
them.”

In this connection the following facts taken from an article on
“ An Indian Dairy Farm (New Style) ” at Bangalore by Rev. Harold
Short published in the same issue of the Journal of Dairying and
Dairy Farming in India will be read with speci] interest.

“ We inspected some of the Ayrshire bulls, which are imported
from Scotland yearly—13 arriving last year—also a few from
Australia.

“They have worked a wonderful improvement in the Indian
cattle. Crossed with the ““ Hansi ” cow from Delhi, the ¢ Saniwal ”*
from the Punjeb or the “Sindi” from Sind district there is an
upward result in appearance and milk production.

“The highest price for a country cow is £10 to £20. A half-
bred Ayrshire goes for £25 to £40.

“ On the first cross the unsightly hump on the shoulders of the
native cow and the loose hanging flesh from the neck disappear,
the horns are shortened and the whole formation of the animal is
broadened and deepened. This improvement has been increased
to the third generation. We saw an heifer of 18 months—the oldest
of the fourth generation. Its products are awaited with great
interest. The crosses have calved at 2} years, but the country cow
knows not the joy of maternity until her fourth year. But the
greater value of the cross is shown of course in the milk supply.

“The following ‘Comparison Statements’ will show. the
extent of the increase.

“The Saniwal-Ayrshire ‘Jill’ has shown the commen
continued increase with each lactation period—her first giving
7,997 1b., the second 8,031, while the third is proceeding as shown
below. The calf is always taken away or weaned after seven days.
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Comparison Statement of Yields-fat.

8 of the best half-breds. 6 of the best country-breds.

No, of Yields. Fat. No, of Yields.

Fat.

Cow, Ib. 1b. Cow, 1b, 1b.
133 9,450 418450 18 4,000 200°11
131 7,409 287°48 28 3,858 18095
138 6,183 248:00 30 3,710 18870
141 5217 24519 22 3,606 17640
132 5,377 24734 31 3,400 170:00
127 4,495 184-50 36 3,154 15800
TotaL 38,181 1,631:01 Torar 21,787 1,074:16
. Average 6,355'17 27183 Average  3,622'83 17902

6 of the poorest half-breds. 6 of the poorest country-breds.

No, of Yields. Fat. No, of Yields. Fat.

Cow, 1b. 1b. Cow. 1b. 1b.
290 3,694 16650 15 1,529 76:45
140 3,628 14506 7 1,306 6268
288 3,616 144:66 24 1,233 6041
135 3,383 13770 16 1,167 5835
261 3,349 13069 21 1,127 5289
242 2,094 120 00 9 1,047 4797
ToraL 20,664 84460 © ToraL 7,409 35805

Average 3,444 140°76 Average 1,23¢4°83 5967 "

At Pusa also Ayrshire bulls have been importeil for crossing
with the poorest milkers of the Montgomery herd. The experiments
are still in progress but so far as they have gone they promise
success.—{ KDITOR. ]

. .

Albuminoid Ratio. The albuminoid ratio wes first “made”
in Germany, and like a good many other German things it was
found to be unsuitable for us. The writer long ago pointed out that
as these rations were worked out on German animals, with German
food, under a German climate, they would require to he greatly
modified* to suit us, and he is rather pleased to find that many

* Kellner’s famous stock work on the subject ¢ The Scientific Feading of Animals” was
always held by the best British agricnlturists to be totally inaccurate regarding its treatraent
of roots iu rations. The truth is, the German never has and never will rightly understand
what we mean by ‘roots’ as he can only deal in sugar-beet and vegetables which havdly rank
as cattle food,~[W. 8.]
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other people have come round to this way of thinking. The first
change was made by the Americans, who found that the German
figures were quite wrong for America, and drew up a scale for
themselves. The reaction has come to us now, and saner ideas
are prevailing. To put the matter generally, it is found that a
mixture of foods which shows a ratio of one to ten or one to twelve
is quite as good as a more concentrated one, but with great many
advantages in favour of the lower grade feeding. Thus, instead
of using highly nitrogenous foods, like cotton-cake or bean meal,
we can use those of a more starchy nature, and thus middlings,
maize, rice, and feeds of that class are quite as efficient, while
usually costing less in the market. As a matter of fact there is
a rough correspondence between the market prices and richness
in nitrogen in foods as there is in manures ; cakes are nitrogenous,
while such things as maize, rice, middlings, ete., are not. All this
in practice means that we shall get as good result on a less forcing
ratio than we have hitherto used, with a corresponding improvement
in the health of the animals. We shall have less milk fever among
cows, for instance, on a more starchy food than on one rich in
albuminoids. We have taken a long time to find these things out,
and probably much harm has been done in past years by following
a scheme of using foods in too eoncentrated a fashion; but it is
not too late to alter and improve matters, and to use more of the
“weaker 7 and cheaper foods and less of the “stronger ” and
dearer ones.—[PriMrosE McConNELL. Journal of Dairying and
Dairy Farming vn India, Vol. 11, Part 111.]

*
® ¥

In the Mysore Economic Journal for May, 1916, there is an
interesting note on Industrial Co-operative Societies by Mr. Alfred
Chatterton. While it is true that in the new devclopment of the
material resources of India the industrial co-operative society may
possibly play a very important part it must be noted that before
this can come about a very large amount of experimental work
will have to be done. Hitherto, so far as is known, industrial cu-
operative societies have not met with any large measure of success,
and the work they have undertaken is more of a commercial than
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ind}lstri?.l .character. Before starting an industrial co-operative
so?xety 1t Is necessary that the ground should be prepared by preli-
Innary training, and when machinery is to be set up efforts should
be made to enlist the co-operation of surrounding villages so
that there.may be no shortage of raw material. In view of the
amount of training and supervision which these societies require it
is not advisable to attempt to increase their number at all rapidly.
This will be clear from the description of the two Industrial Co-
operative Societies estahlished in the villages of Bannoor and Sabbena-
halli in Mysore. These have worked sufficiently long to afford some
indivation of the difficulties which will have to be overcome hefore
they are completely successful.

The Bannoor Co-operative Socicty possesses a rice mill and
a sugarcane-crushing plant capable of turning out jaggery. The
capital of the Society is Rs. 22,500 divided into 150 shares of Rs. 150
each (all of which have been subscribed and on each share Rs. 10
have been paid up). The Mysore Government have advanced the
Society a sum of Rs. 20,000 with which to purchase machinery,
and the plant has been erected by the Department of Industries.
Mr. Chatterton reports that just before the sugar mill was completed
the ryots in Bannoor managed to get all their cane milled on the
old lines as they were disturbed by rumours regarding the probable
success of the new plant. Only 30 maunds of jaggery was made
here, but this small quantity has sufficed to dissipate their fears
regarding the quality and quantity of the gur that can be turned
out by the plant. The rice mill with a nominal capacity of 7 cwt.
of clean rice per hour has up to date worked for 5281 hours and
has turned out 1,672 Lhandies of clean rice, the milling revenue
being Rs. 1,457-11-6.  As there was not enough paddy forthcoming
the mill was not worked continuously, and even on working days
was not worked full time. The people store paddy in their godowns
and sell it at favourable times. They believe that paddy when
stored keeps much better than rice and so they are unwilling to have
it milled. This state of thingsis, however, changing. The mill is
being worked by tbe Department and the members of the Co-
operative Society hardly realize that it is their own property and
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that if it is not a success they will have to make good the loss. This
will, however, bring them to a realization of the importance of its
working full time.

At Sabbenahalli the Co-operative Soriety has established a
cane-crushing plant consisting of a 14 b. h. p. suction gas engine
and a 12" by 18” roller mill with sufficient evaporating pans of the
new type to turn out 250 maunds of jaggery a day. It worked
throughout the whole of the last cane-crushing season and successfully
dealt with the whole crop in the village. But as the crop in the
village was a poor one there was not enough work for the cane-
crushing plant. A larger area has been put down under the érop,
and if the current season proves favourable it should do exiremely
well. Here again the members do not realize the nature of the
undertaking upon which they have entered. While they appre-
ciate the advantages the question of repayment of the loan does
not seriously trouble them.

We quote the following remarks of Mr. Chatterton :-—

“ At Bannoor, the people are now beginning to apprecizte the
advantages of having a rice mill in their midst, and at Sabbenahalli,
from the outset they made full use of the cane-crushing plant ; but
the whole work has so far been done by the departmental agency.
and it seems likely that 1t will be some years before the Co-operative
Societies will be able to take over the plants and work them them-
selves. Our object at the present time is to foster a sense of ownership
with its responsibility and to associate and train the local people
to manage the undertaking. Ultimate success seems assured, but
the goal is a long way off, and it is not easy to devise methods by
which departmental control and responsibility may be gradually
relinquished.”—[EpiToR.]

***

The Goat as a Source of Milk.—In the Journal of the Board of
Agriculture, London, Vol. XXII, No. 7, there is a very practical
and useful note on this subjest.

In view of the small initial expenditure entailed in the purchase
of & goat, minimum housing accommodation required and the limited
amount of cost of food and other maintenance charges and, above
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all, the extraordinary hardiness and adaptability of this animal,
goats can be profitably kept to supply milk for domestic use and it
is for domestic rather than business purposes that the goat is here
recommended. There is a widespread belief that goats’ milk
always possesses o peculiar flavour. This flavour may possibly be
caused by the goat feeding on certain herbs, buf it is far more
probably due to a want of cleanliness of the utensils employed.
The rich creamy taste of the goat's mitk renders it more attractive
to the palate than cow’s milk. It is easily digested by children
and especially infants. It is also far less likely to contain tubercle
bacilli of animal origin.

In selecting a goat the purchaser should look to the following
points :—

“The body should be long and fairly deep, although if the
latter. point is very marked, it is probable that the animal is aged.
It is important that the ribs should he well sprung, whilst 4 long
head and a slender neck are generally considered to indicate a good
milking strain. It the goat is dry the quality of the udder cannot
he ascertained, but if in milk the udder should be carefully examined.
It should not only be of good size, but soft and pliable, and the
teats should be long and pointed, as they are then most easily
handled. It is always desirable for the purchaser to sec the goat
he is about to buy milked at least once before coming to
decision. This is necessary not merely to ascertain the actual
yield, but to find out if the amimal stands quietly while being
mi'ked. A goat purchased in milk should not be Jess than two
years old or over five. The age can be detected by examining
the teeth.”

Tt is stated that in England there are ab present five breeds
of goats, two of which belong to what may be called the common
kind and three to the improved varieties. The comnion type are
English and Irish goats, the superior breeds being the Toggenbuwrg
of Swiss origin (the only striotly pure breed in Britain) and the
Anglo-Nubian and the crosses «Qwiss 7 and * Anglo-Swiss.” Tl}e
Jast cross is considered to be probably the best all-round goat in

Britain.
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Goats breed when very young, often have two, sometimes
three, kids at one birth and often produce young twice a year.
The period of gestation is about 21 weeks or roughly five months.
If a family keeps three goats they may justly look for a regular
supply of milk all the year round. Signs of the coming into season
are in some cases very transient. They consist in frequent bleating,
a constant shaking of the tail, a turgid condition of the vulva, loss
of appetite and restlessness and a temporary diminution in the
milk-yield if the goat is in milk. This condition will last from one
to three days.

If the improvement of the stock for milk production is the
object in view, it is essential to secure the services of a male bred

~from a good milker or still better having ** milking blood ”* on both
sides of his parentage. The kids will then be worth rearing.
Otherwise it is better to destroy male kids and use all the milk from
the goat for domestie purposes. It seldom pays to rear male kids. A
well-bred male kid may however be retained if it is not possible to
secure near at hand one for service whenever required. The
repulsive odour and objectionable habits of he-goats are well known.

In the feeding of goats absolute cleanliness of food and of the
receptacle to hold it is required. The use of a metal pail is therefore

advocated. Another essential is variety of food as the goat will
" give up eating if & change is not provided. Economy in feeding
should certainly be looked to. From their kid stage goats should
be encouraged to eat all vegetable waste from the kitchen or
house-hold scraps. Except poisonous shrubs there is hardly any
plant which is not acceptable to the goat. Goats are active and
industrious feeders. : :

For the first three or four days after kidding the milk should be
fed to the kid as it is not then suitable for human consumption.
After that time the goat can be milked twice or thrice daily.
Milking should be carried out at regular intervals and the udder
" completely emptied each time. The more quickly the milking is
done the better; otherwise, the goat will become impatient and
restless. The last drops or ‘strippings’ are always the richest.
In England an average goat will give at its flush three pints a day:
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The total milk-yield in the case of an average goat is about 67 gallons |
a year, while in the case of better milkers it may go up to 80 to 90
. gallons,
. _In .India goats are successfully bred by professional shepherds
in digtricts with moderate or light rainfall and light naturally
well-drained soils. A considerable variety of natural herbage in
the tract and clean ground to graze each day are essentinl for
raising large flocks of goats and sheep. In small numbers goats are
reared in this country and their value as milk-producers appreciated,
but there is room for improvement, and goat-keeping for domestic
purposes might be extended with great advantage in many districts
where it is hardly known.—[EpiToR.]
***

In view of the scantiness of information available as to the
relative values of various concentrated foods for dairy cattle in India,
 the work carried outat Lyallpur, under the direction of Mr. Roberts,
Professor of Agriculture in connection with the feeding of eotton
cake (undecorticated) to dairy eaitle, and published in the Journal
of Dairying and Dairy Porming in Indie, Vol. 11, Part IlI, is of
considerable interest. Gram is the usual concentrated food
used in the Punjab. Cotton seed is chiefly used in that
province for feeding buffaloes and milch animals and also to
some extent working animals. For the past few years cotton seed
cake has been manufactured in Lahore ; its selling price is about
Rs. 1-8 per maund f. o. r. Lahore. Bight cows were selected, and
divided into two groups of four each. The two groups were nearly
alike in total daily milk-yield and in length of lactation period.
One group was fed with cotton cake, the other with gram. The
cotton cake supplied was always first broken and then moistened
for three Lours before feeding. Small quantities of the cake were
given to start with and this was mixed with gram. The proportion
of cake was increased daily and that of gram decreased, until at the
end of eight or nine days the gram was entively replaced.  Alittle
trouble was experienced with one cow who refused to eat the cake
_at first unless mixed with gram. Gradually this was overcome,
and later she cousumed the cake greedily. At the end of the
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second month the total increase in live weight in both the groups
was found to be practically equal.

As regards quantity and quality of the milk the advantage
after some time was found to be on the side of cotton cake rather
than on gram.

It was found that 23 seers of cotton cake had the same nutritive
value as 16 seers of gram. The feeding of cotton cake is very
economical. Cotton cake costs Rs. 1-11 per maund in Lyallpur
while gram runs at about Rs. 3-8 per maund. This will mean
considerable saving to a dairyman keeping a herd of say 20 cows.

It appears therefore that cotton cake can be safely and econo-
mically fed to dairy cows in milk. It is possible that this food
may not be suitable for cows nearing calving time, but further
experience on this point is necessary.—[ EDITOR. ]

-
We print the following extract from a leaflet on “ Some Uses of
Prickly-pear ** published by the Department of Agriculture, Madras.

“In parts of Coimbatore district, prickly-pear is used after
decomposition and composting as a manure for dry land crops such
as cumbu, cholam, dry ragi and garden crops like rage, chillies,
tobaceo, wheat, plantains, sugar-cane, ete. This is, however, not
resorted to by all. In many cases it is prickly-pear growing in
corners of their fields or extending from outside into the fields that
is cleared and composted by way of disposal. A few ryots compost
prickly-pear especially when it is abundantly available near at
hand ; but this is not followed as much as it might be.

““ Ryots, however, have taken up to the practice of carting to
their fields the earth which accumulates under prickly-pear bushes
forimproving their lands.  Intank bundsand ‘porambokes,” nothing
is paid for the earth itself, and the cost is only two annas per cart-
load (when the distance to be carted is about half a mile), for clearing
the prickly-pear to get at the earth beneath, digging the earth, loading
and earting it to the fields. The price per cart is becoming higher
gradually owing to the increased wages. The soil under the prickly-
pear bushes is of high manurial value as it is very largely composed
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of leaf mould and other organic matter blown in by the agency of
wind.. Prickly-pear itself contains more than 60 per cent. of organic
matter (Dr. Leather’s analysis) and if such a substance is composted
with the rich soil found under these bushes the manurial value will
certainly be enhanced. Many of our soils are deficient in organie
matter and if a compost of prickly-pear and the soil found ynder
it is made and applied, the result will be beneficial. By composting
prickly-pear, ryots not only obtain manure but get rid of this pest
which is at present a nuisance in many respects.

“ The following methods may be adopted for composting :—

(1) A trench 3’ to 4' deep and 6’ broad of any required length
may be dug and kept ready during the interval between the first
ond second monsoons. During rainy days when the ryots have not
got busy work, prickly-pear may be cut, removed. and filled in the
trench 2nd covered with soil that has been removed in digging it.
The top of the trench will sink after some days owing to the decay
of the stuff and at this stage the soil from under the removed bushes
may be dug and thrown on the top. In places having good rainfall,
this will make a good compost within one year. If the thorns have
not decomposed thoroughly, this may be left for another year when
the thorns also will decompose. .

() In regions of scanty rainfall, priekly-pear may be removed
and heaped up in convenient mounds and allowed to dry up during
seagons when ryots have enough leisure at their disposal. Dried
bushes, grasses, and other rubbish procurable in the vicinity may be
spread over the heaps and set fire to, The thomy substance is
partially burnt. At this stage the earth removed from under the
bushes or from lands close by should be spread all over the heap
which can then be left for some years until decomposition is complete.
In three or four years, this will be fit for being carted to fields.

(3) If space is not available for the above, circular construotions
similar to those used for grinding chunam should be made. The
prickly-pear is then thrown into this pjlt and ground by a stone-
grinder just as chunam 1s ground. OWing tf’ the large. amount of
water ir the stems the plant, when the stuff is ground, 1s converted
into a jelly-like substance within half an hour and the whole mass
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can be removed by mammauties and carried to places where compost
is t0 be made. If this is filled in pits or covered with some earth,
decomposition will easily set in. The thorns also will not stand
erect but will fie flat and the nuisance they cause will be much
reduced. In this case the manure will be ready within six to eight
months. : .

““ Prickly-pear can also be used to serve other useful purposes
than the one above referred to. The water obtained after boiling
prickly-pear for some time can be used as a drier in whitewashes.
An ordinary pot or chatti is filled with prickly-pear eut into small
pieces ; as much water as the pot will hold is then added. The whole s
boiled for about three hours and stirred during the process. When
cool, the liquid is strained and added to separately prepared white
or colour wash in the proportion of 1 to 150 or 160. Whitewash
or colour wash treated in this way becomes fast and does not rub
off easily, In Indian houses this fast colour is a great advantage
as it does not soil the clothing or body when the newly whitewashed

walls are touched. ”

*
® %

TaERE has been a revival on the Bombay side of the question of
utilizing prickly-pear as fodder for cattle. There is nothing in the
discussion that has not been dealt with many times in these columns.
In Australia where it has been tried for cattle feeding they seem to
be coming to the conclusion that the best thing to be done with
this pest is to destroy it utterly, and then if it can be used to any
advantage well and good, if not it is a good riddance of bad rubbish.
A process has been discovered there of treating prickly-pear with
arsenious trichloride, by which extensive areas have been completely
cleared. In the course of the operations it has been discovered
that a big percentage of potash can be obtained from the ash of the
prickly-pear, and preparations are being made to enable Australia
‘to supplant Germany in the supply of potash.—(Madras Mail.) .

*
EE

~ Tue Fourth Annual Meeting of the Indian Seience . Congress
will be held at Bangalore on the 10th, 11th, 12th, and 13th January
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1917. H. H. the Maharaja of Mysore has consented to be
Patron of the meeting whilst Sir Alfred Bourne, K.C.LE,
F.R.S., will be the President. The following Sectional Presidents
have been appointed :—Mr. J. MacKenna, 1.C.S. (Pusa), Agriculture
and Applied Chemistry ; the Rev. D. Mackichan {Bombay), Physics ;
Dr. Ziauddin Ahmad, C.LE. (Aligath), Mathematics; Mr. K.
Ramunni Menon (Madras), Zoology ; Mr. C. 8. Middlemiss, C.LE.
(Caleutta), Geology ; Dr. J. L. Simonsen (Madras), Chemistry.
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Indian Journal of Economics, Vol I, Part I, January 1916 _Issued
quarterly by the University of Allahabad, Department of Econo-
mics. Subseription, Rs. 12 per annum. Single copy, Rs. 4.

WE extend a welcome, belated but none-the-less sincere, to
the excellent Journal which issues under the editorship of Prof.
H. Stanley Jevons. The name is one which will recall many
memories of early struggles with formal philosophical conundrums.

In his editorial foreword Prof. Jevons states that the issue of
the Journal has been undertaken with a three-fold purpose—(1) to
provide a medium for the publication of articles on Indian
Economics by authors of standing ; (2) to furnish a convenient and
compact vehicle of publication for orginal investigations made
by the stafl of the Economics Department of the Allahabad
University ; and (3) to disseminate information about the esconomic
activities of other countries.

The first issue is delightfully Indian in its subjects. It opens
with an article on “ Agricultural Banks in India ” by that enthusiast
Mr. D. E. Wacha; and although we must record our emphatic
dissent from his opinions we cannot but admit the force and vigour
with which Mr. Wacha states his case. Personally we would rather
pin our faith to what Mr. Wacha is pleased to call “these new-
fangled societies, "—i.e., Co-operative Societies—than to an
institution like the Agricultural Bank of Egypt ; and we are firmly
convinced that not only the financial but also the moral regeneration
of India lies in the development of these co-operative societies.
Easy money means easy debt. It is quite simple to liquidate a
man’s debts : it is a slower process to educate him. and develop
his character so that he will not fall into debt again, But of course

( 416 )
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therg are two sides to this as to all other questions ; and Mr. Wacha
certainly puts his case well, '

A short paper on the Indian cotton trade by Prof. Todd is
f llowed by a most stimulating paper by our old friend M. W H
Moreland on the Ain-i-Akbari—a possible hase line for the economic”
history of modern India. The figures relate to the latter part of
the sixteenth century and the. writer considers that if the figures

_ the Ain-i-Akbari contains can be used they will firnish a real

starting point for the modern economic history of the country, We
hope that this article will act as a stimulus to some of ouy Indian
students of economics to examine critically the available statistics
of India before the British Government began to tabulate them.
They would command great interest.

The other articles in this issue are an interesting comparison
of the Southern States of America with India as regards economic
conditions by Prof. Sam Higginbottom ; a paper on Indian factory
legislation by Mr. S. H. Fremantle, 1.c.5.; and one on the teaching
of economics by the editor. A set of ablereviews of books on
economic and kindred subjects completes the issue.

We congratulate the editor on the form and quality of his first
number and we look forward with mueh interest to future issues.
The awakening of an interest in economics, especially the economics
of agriculture, is a most healthy sign of progress and we trust that
under the stimulus of Prof. Jevons and his staff the sircle of Indian
workers in this most fascinating subject will be widely extended.
—{J. M.]

*
* ¥

Bengal Economic Journal—Edited by Prof. C. J. Hamiuron and
Prof. J. C. Covasee. Published by Maemillan & Co., Ltdf,
Calcutta, Bombay, Madras, and London. Subscription Re, 10
per annum.

WE have received the first number of the Bengal Economic

Journal edited by Professors Hamilton and Coyajee, and we take

this opportunity of welcoming a Journal which supplies. a long

felt want.
: 28
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Economies are all too neglected in India. A little closer study
of them in the past would have saved much money, notably in
banking circles. ‘ '

We would especially note the article on “ The Moratorium *
by Prof. Coyajee, and criticism of the “ Report on Co-operation
in India ”” by B. Abdy Collins. There is & cold, calm, hard common
sense about them both which is most comforting in these days of
lightning finance of the mushroom order. In the article on the
Moratorium we would draw special attention to the statement msde
that “ Both France and Germany have been preparing for decades
against the present crisis ; and yet when the time for action came,
the former took refuge under the most comprehensive scheme of
moratoria ever devised while the latter adopted a policy of the
most lavish extension of loans, and, even then, could not avoid a
certain numbet of moratoria. At least since the Agadir incident the
German banks, by Imperial command, have striven to make their
resources more liquid and concentrated at home. In France, too,
constant preparations have been made both by the Bank of France
and by the other great banks for a rapid financial mobilization. A
high authority, H. Germain, could say on behalf of the other banks
that they were ready for any event, if the Bank of France was ready.
The present war dissipated all this confidence in a moment.” The
constant preparations made were of no avail ; for the closing of the
stock exchange rendered the most liquid securities of all banks
unrealizable. '

Such a fact should give those connested with finance furiously
to think and we hope equally furiously to overhaul their financal
machinery and see whether it would be capable of working under
such a strain in a land where it is difficult to keep down rumours and
to inspire confidence even far away from the actual crisis, and it
must not be forgotten that as we increase facility of communication
and exchange throughout the world we render the financial failure
of one country likely to be felt more and more widely by all others.
The days of splendid isolation are gone for ever.

.Mr.-Collins’ remarks on aaditors hit a weak spot and their
truth is driven home by his reference to Indian banking circles,



REVIEWS 419

In order that co-operative socleties may be able to command
the. faonﬁdence of investors it is very necessary that the system of
audit and the persons by whom this audit is conducted should be
above suspicion. While there is no objection in principle to societies
being audited by non-Government auditors licensed by the
Registrar—in fact non-official audit is to be preferred as it is less
likely to develop intoa routine—it must be understood that the
audit staff should not depend for their pay and prospects divectly’
upon Central Banks and Unions. It is on these and other grounds
. that an Audit Federation somewhat on the lines of the Provincial
Audit Union of the Central Provinces has much to commend it.

What is wanted in the auditor is local knowledge and sympathy
backed by 1o personal interest in the matter. It has often been said
that the manager of the local branch bank in an Knglish agricultural
town is the finest agricultural accounts auditor existing. He knows
when to be stern and strict and when not to allow undue gtrictness
to interfere with necessary progress because his knowledge enables
him to value assets correctly and the valuing of agricultural assets
requires a special knowledge which cannot be found in any outsider.

The progress of co-operative societies will render it necessary
to train auditors in this Line, if they are not to be hindered in their
progress, not so much to audit accounts—many can do that—but to
put the true value on the assetss His article is of the greatest
interest and we hope he will write again. There is still plenty in
the rteport awaiting eriticism—[W. 5.

o
A Manual of Elementary Botany for India—By Rai Bahadur K. Ranea

Acuar, MA.,, L.T., Madras. Printed and published by the

Superintendent, Government Press, Madras. Price Rs. 2.

UnTIL quite recently the professor or teacher of elementary
botany in India was dependent on text-books written in Europe
or America. Such books, while excellent in dealing with principles,
are ill adapted for use in India, since the plants and conditions
desaribed in them are in many eases not found here. There exists
a very considerable techuical literature regarding Indian botany:



420 AGRICULTURAL JOURNAL OF INDIA [XI, 1.

but the digest of that material suitable for a text-book has been
made in only a few cases. The work under review is the most recent
of these attempts to utilize local material for the elucidation of
botanical principles and it certainly is the best work of its kind so
far produced. The book has been printed and published by the
Government Press, Madras, and the letterpress, plates, and general
get-up are excellent, Considering this, the price is amazingly low—
a most desirable thing, for Indian students will not, as a rule,
indulge in expensive books.

The manus] is avowedly elementary, and the writer confines
his attention to the flowering plants. The morphology of many
local examples is fully explained. The most striking parts of the
book are those dealing with the anatomy of plants, llustrated by
‘really convineing original microphotographs. Apart from the
value to the student of the morphaelogical and anatomical portions,
they are also of value to the teacher in rhowing him what
material to use for the demonstration of special points, and it is
hoped .that the very excellence of the book on its descriptive side
will deter no student or teacher from going direct to the living
plant.

As the book does not pretend to be a manual of laboratory
practice, detailed directions are not given regarding microscopical
technique and the designing of physiological experiments. At the
same time it is desirable to develop the physiological section of the
book, making it more precise, and dealing at greater length with the
evidence on which the necessarily dogmatic text-book statements
are based, e. g., in the case of the study of plant nutrition by water
cultures (p. 133), and in the case of the statement (p. 185) it is
obvious, that for the produstion of offsprings, the fusion of the male
and female cells is essential even in the case of plants.”

In reading through the book the scientific purist may take
exception to many minor points, such as the mixing of classification
systems by dividing plants into spermaphyta and cryptogams (p. 1),
the calling of the web of a girder its flange (p. 91), and the statement
that ““ groups of plants that give a distinetive feature to a locality
are called ‘ formations’ " (p. 330) ; but these detract little from its
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value as a text-book. A complete and exhaustive index is however
a necessity.

One problem confionting the author of such a baok is to produce
a ‘work which shall be useful in all -parts of this great continent.
How far this problem has been solved can only be determined by
trial, and we strongly recommend all professors and teachers of
elementary botany to make use of the book and communicate their
views to the author of the book.

It is to be hoped that in time text-hooks for India will be
produced dealing with more advanced botany and especially with the
oryptogems. Isit too much to hope that a group of professors and
teachers may collaborate to produce a composite advanced manual
for India on the lines of Strashwrger’s Text-book of Botany?

Manuals of applied hotany are also required giving summaries
of the great mass of valuable Indian work done in plant breeding,
mycology, and economic botany generally.—(W. B.)

***
The Year-book of the United States Department of Agriculture, 1915.—

(Pages 616, Plates 75, Figs. 13, ete.  Weshington, (fovernment

Printing Office.)

Tris publication is perhaps one of the mirrors in which the
economic progress of the world is most comprehensively reflected.

There are two outstanding featwres in the 1915 issue. One
is. of course, the eflect of the Kuropean war—reflected in the
changes in acreage, value, and quautities exported, of crops; the
other is the. large number of articles which deal with voluntary
organization among agriculturists. ‘ -

With a record yield of wheat in 1914 and an ingrease ot( over
25 per cent. in the price, 37 per eant. of the c1op grown in the States
was exported ; and the 1915 crop, cstimated at over a thousand
million bushels, again beat all records. On the other hgnd,. a cotton
crop 14 per cent. greater than that of 1913 was worth 0118-1']11.]‘(1 less to
American farmers, end a decrease of 13 per cent. in the avreage for
1915 coincided with a falling off of 20 per cent. in the yield per acre.
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The prospect of a rise in the prices of American exports as
compared with those of imports, as a result of the transfer of capital
from Burope during the war, should be encouraging to the growers
of long-stapled cotton in India.

‘ Seven of the 24 articles in the Year-hook relate to co-operative
organization of one kind or another, and give a very comprehensive
idea of the importance of this movement and the extent to which
it can be fostered even in such & home of individualism as the United
States.

The movement embraces almost every conceivable aspect of
rural economy, from the breeding of livestock and the markefing
of crops to dairying and the improvement of roads ; and includes
such diverse organizations as boys’ and girls’ elubs for specific
purposes, local © small community ° clubs, and mutual insurance
companies. In an article on ““ How the Department of Agriculture
promotes Organization in Rural Life,”” Mr. €. W. Thompson,
Specialist in Rural Organization, says:— ‘ ‘

“ Reviewing all the various types of organization through
which the Department of Agriculture seeks to promote the welfare
of the farmer, it may be noted that in every case the organization
is undertaken for some specific purpose, and that that purpose is
one which can better be accomplished through concerted effort
than through individual action alone. This represents the general
policy of the Department with regard to organization among farmers.
The Department does not encourage organizetion simply for the
sake of organization, nor does it encourage the “indiscriminate
formation of orgahizations for any and every object whatsoever ; for
some objects may be accomplished efficiently and economically by
irdividuals working each by himself.

“ For the accomplishment of those objects which clearly call for
co-operative or co-ordinated action on the part of the farmers, the
Department encourages a more efficient use of existing organizations,
where that is practicable, either by inducing them to take up new
lines of activity, or by pointing out efficient methods of carrying
on the activities for which they were originally formed. Where
new associations are needed, the Department endeavours to secure
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organizations which are as simple in form as possible, and to keep
in the- foreground the object of the organization rather than the
organization itself.”

It is difficult to imagine a more effective way of counteracting
the centralizing tendencies of Governments whether autocratic or
socialistic, than by voluntary organization on these principles ;
and reading these articles one catches a glimpse of a future when the:
activities of Governments may be merged in the public recognition
and inspection of voluntery associations, not merely organized for
agriculture, commerce, or education, but co-crdinated for readily
accessible justice, for police, and, on 4 basis wider and more solid
than has ever hitherto been possible, for military defence of the
common weal—the ultimate prerogative of centralized authority.—

[A.CD.]

Note on Cattle of the Bombay Presidency.—Bulletin No. 75 of the
Department of Agriculture, Bombay. Printed at the Yeravada
Prison Press, ‘Poona. Price As. 31 or 4d.

THis Bulletin deals with cattle of the Bombay Presidency
excluding Sind. The author, Rao Sahib Kelkar, is 2 senior officer
of the Department who is intimately acquainted with the local
conditions of his province. The province is divided into vine tracts
and in each the conditions are briefly noted on. Tn the chapters on
Breeds of Cattle, Dairy Industry, and Feeding of Cattle, the author
has included a large amount of original local information acquired
by personal contect with the cattle-owners. Original information
of this nature is alweys valuable, and unless such is put on record
agricultural departments stand to lose much valuable material
when members leave the service.

A plan is given for the treatment of 50 acres to yield green
fodder continuously throughout the year. This problem would, of
course, have to be separately worked out for each tract. It will prove
a very fruitful source of work and one which will have to be'seriously
taken in hand in all parts of India— G. 8. H.]
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Dairying and Dairy Breeds (In Marathi).—By B. K. GHARE, L. Ac.,
Pages 11 +195. Printed by Mahadeo Sakharam Daité at the
Vaidic Patrika Press. Price Re. 1.

Tuz author of this book, Mr. Bhaskar Kashinath Ghare, L. Ag.,
Agricultural Lecturer at the Cawnpore Agricultural College, brought
out a small pamphlet in Marathi under the title of “ Milk and
Dairying * three years ago, and the book under review is a much
enlarged edition of the same with certain additions and fuller
treatnient of the subjects dealt with therein. As far as we are
aware this is the first book of its kind in Marathi treating so fully
and simply about the importance of milk in all its aspects and the
care of animals, etc., and is a welcome addition to the literature on
technical subjects in that language. The author seems to have
made every endeavour to avoid English scientific terms or their
high-sounding coined equivalents of Sanskrit origin in his work,
and this has tended to make the subject-matter easy of
comprehension.

In the introduction written for this book by Mr. M. G. Phatak,
L. Ag., the importance of pure milk and its produetion has been
shown in & concise but impressive way, and it conveys to the mind
of the reader a vivid idea of dairying and animal husbandry as
it should be practised in India.

We find the whole hook puacked with very useful facts which
have been well put together. But we also notice some statements
which either require modification or amplification.

The process of secretion of milk as deseribed in Chapter 1 is too
brief to be easily followed and should be made elear enough.

The author, in his enthusiasm for extolling the virtues of milk,
has gone the length of attributing to it the power of curing formid-
able diseases like consumption. We do not doubt the digestibility
and nutritive value of pure milk diet in certain diseases, but we
gannot agree with him in endowing it with curative powers over
this of all the diseases. )

In C“hapter IV the slope recommended for gutters in the byre
for the passage of urine and dung is 6 inches to every 20 feet of
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length. This is unnecessarily steep and we believe that a slope
of 3 inches to 25 feet of length ought to suffice for this purpose.

In describing civeulation of blood the lungs are said to be a
part of the circulatory system which is not the case. They helong
to the respiratory apparatus.

Chapter VII regarding common ailments of cattle is very
meagrely treated. In this chapter under the heading of “ Hoven ”
it is recommended by way of treatment to force the animal to run
about, This is a dangerous practice.

In Chapter VIIL on cattle-breeding the description of breeds
. lacks precision, and the illustration used to represent the Jafferabadi
buffalo is not a typical one. All the illustrations of cattle ave
rather indistinct.

There ate many typographical mistakes both in figures and
words throughout the book, and the author would do well toattend
to these and the points referred to above when bringing out another
edition of the book.

The book on the whole is very useful and informative and as
such it will, we hope, be appreciated by the Marathi-reading public.
| HY
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India, Vol XI, Part II. Price Co,, Calcutta,

Rs, 2

Rs, 6.

tural Research Institute,

annual Pusa,

subseription

[&]

Special Indian Science Congress
number of the Agriculiural
Journal of India. Price Rs. 2

Ditto Ditto.

ot 3s,

e

-

=0

(=23

-

w

=

=)

Report on the Progress of Agri-
cuttura in India for 191415,
Price As. 5 or 6d.

Proceedings of the Board of
Agriculture in India, held at
Pusa on the 7th February, 1916,
and following days (with Ap-
gendices)‘ Price Re. 12 or 1s.
d.

Soil Aeration in Agriculture,
Bullatin No. 61 of the Pusa
Agricultural Research Insti-
tute. Price As. 4 or 5d.

Annual Report of the Board of
Scientific Advice for India for
the year 1914-15. Price R. 1
or ls. 6d.

Agricultural Statistics of India

for 1913-14, Vols. I and II.
Price Rs. 2.8 and R. 1 1res
pectively.

Estimates of area and yield of
principal crops in India for
1914-15. Price As. 4.

Report of

“eason and Crog X o
3 rice .

Bengal for 1915-1
or 1g. 6d.

Groundnut.—Leaflet No, 1 of
1916, of the Bengal Department
of Agriculture (for free distri-
bution),

Agrienltural  Adviser
the Government of India,
Pusa.

Issued from the Agricul:
tural Research Institote,
Pusa,

"A. Howard, C.LE., M.,
| Imperial Economic Bota-
. nist.

"Issued by the Board of
| Scientific  Advice
{ India,

{

|
l Issucd by the Departmént

of Statistics, India, Cal-
i cntta,

I
! Ditto
|

Issued hy the Department
of Agriculture, Bengal.

F. Smith, B.Sc, Deputy
Director of Agriculture,
. Bengal.

to

for

Government Printin £,
India, Calentta.

Ditto.

Ditto.

Ditto.

Ditto.

Ditto.

Bengal Secretariat  Book

Depot, Calcutta.

Obtainable from the De-
partinen of Agriculture,
Bengal.
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LIST OF AGRICULTURAL PUBLICATIONS—contd,

Where pullished

No. Title Author
General Agriculiure—contd.
11 | Agricultural Statistics of Bengal i Tssned by the Government | Bengal Secretariat Book

12

16

17

21

2

M

for 1914-15. Price As. 12 or  of Bengal, Revenue De-
1s. 3d. partment.

Season and Crop Report, Bihar | Issued by the Department
and Origsa for 1915-16. Price| of Apriculture, Bihar

As. 6 or 6d. and Orissa,
Leaflet on the use of Dhaincha ... ! Ditio
Agricultural Journal (published Ditto

half yearly), Vol. ITI, PartII,

Subscription R. t per annam,

Agricultural Statistics of Bihar Ditto

and Orissa for 1914-15.

Report on the Benares Agricul- | [ssued by the Department
toral Station for the year of Agriculture, United .
ending 30th June, 1915. Price: Provinces.
As, 6 or 8d. :

Report on the Government Horti- Ditto
cultural Gardens, Lucknow,
for the year ending 31st March,
1916. Price As. 4 or 6d.

Report on the Government Ditto
Botanical Gardens,Saharanpur.
for the year ending 31st March,
1916, Price As. 4 or 6d.

A note on the improvement of | W, Hulme, Sugar Engineer'
the indigenons methods of Gur| Kxpert to the Govern- |
and  Sugar making in the| ment of India, and R. P,
United Provinces and a report| Sanghi,'Sugar Chemist, !
on the Government Experi-| Experimental Factory, |
mental Sugar Factory, Nawab-| Nawabganj. |
zanj, Bareilly District, Price !
As. dor 4d. #

Year Book of the Punjab Agri Issned by the Department
cultural Department for 1916. | of Agriculture, Punjab.
Price Re. 1.4,

Prospectus of the Punjab Agri. Ditto
caltural Colleze, Lyallpur (for
free distribution).

Expenses and Profits of cultiva- Ditto
tors in the Punjab (for free
distribution).

Cotton Survey Repart of the
Gujranwalla District (for free

distribution).

Cotton Survey Report of the Ditto
Jhang District (for free distri-

bution).

Lawtence Gardens’ Report. Ditto

Price Anna 1 or 1d.

Depét, Calcutta,

Government Press, Bihar
and Orissa, Patna,

Ditto.
Ditto.

Ditto.
Government Press, United

Provinces, Allahabad.

Ditto.

Ditto.

Ditto,

Government Printing,
Punjab, Lahore,
Ditto,
Ditto.
Ditto.

Ditto.

IYitto,
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LIST OF AGRICULTURAL PUBLICATIONS—contd.

* Title

Author

Where published

2

1

28

29

30

31

B

]

3

=

3

3

3

&

39

H

=]

41

General Ag)'in;lltul'e -contd.
26 | Annual Report of the Depart-

ment of Agriculture, Bombay,
iorQ{IQMJﬁ. Price As. 12 or
8. l.

Annoal Report of the Snkkur
Agricultural Station for 1814.
15. Price As. 56 or 6d.

Annunal Report of the Surat
i Agricnltural Station for 1914
15, Price Rs, 1-10 or 25, 6d.

. Adnual Report of the Dohad
i Agricaltural Station for 19i4¢.
© 15, Price As. 109 or 13,

fAnnual Report of the Dhulia
I Agricultural Station for 1914-
. 16, Price As, 10-6 or 1s.

{ Annoal Report of the Jalgaon
Agricnltural Station for 1914-
15, Price As. 9-9 or 114,

Annoal Report of the Nadiad
Agricultural Station for 1914-15,
Price As. 13 or 15, 3d.

Annual Report of the Gokak
Canal Agricultural Station for
%91%35. Price As. 113 or
s 1d.

Annnal Report of the Gadag
Agricultural Station for 1914-15,
Price As, 9.9 or 114, .

Annual Report of the Dharwar
Agricultural Station for 1914.15,
Price As. 139 or 1s. 4d.

Annual Report of the Alibag
Agricultural Station for 1914-15.
Price As. 10-6 or 13,

Annual Report of the Ratnagiri
Agricultural Station for 1914-15.
Price As. 96 or 114,

Anuual Report of the Mirpur-
khas Agricoltoral Station for
1914-15, "Price As, 5-3 or 6d.

Annual Report of tha Landhi
Agricultural Station for 1914-15,
Price As. 4-6 or Ged.

Annual Report of the Larkhana
Agricultural Station for 1914
15, Price As. 4-6or 5d.

Annual Report of the Manjri
Agricultural Station for 1914-
15, Price As. 14 or 1s. 4d,

Issued by the Department ' Gov

ernment ¥ (s
of Agriculture, Bombay. Bnmba;“ Central Prows,
|
|
Ditto ol Ditte,
|
Ditto o Ditto.
i
Ditto 1 Ditto,
Ditto Ditto,
! Ay
Ditto . Ditto.
I
!
Ditto o] Ditto.
|
!
Ditto | Ditto,
i
Ditto Ditto
Ditto Ditto.
Ditto Ditto,
Ditto Ditto.
Ditto - Ditto.
Ditto Ditto.
Ditto Ditto.
Ditto Ditteo.
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LIST OF AGRICULTURAL-PUBLICATIONS—contd.

No, Title Authar , Whaete published
General Agricullure—contd.
42 | Annun! Report of the Experi-  Issued by the .Department: Government Central P

43

44

S
ar

46

47

=l

4

mental plots in Satara and,
Sholapur Districts for 1914-15.
Price As, 1-6 or 2.

Annual Report of the Ganesh-
khind Botanical Gardens for
1914-15. Price As, 4 or 5d.

Annual Report of the Agricul
tural College Dairy, Kirkee,
for 1914-15 Price As. 4 or

Aunual Report of the Peona;
Agricultural College Farm for:
1914.15. Price He. 1-1 or ls.
7d,

Annual Report on the Bxperi-
mental work of the Eeconomic
Botanist and his staff for 1914.
15. Price As. 2 or 3d.

Report on the Committes
appointed to consider mensures,
for the improvement of the’
milk sapply in large cities in
the Bombay Presidency. Price
As. 3 or 3.

Note on Cattle of the Bombay
Presidency.- Bulletin No. 75
of 1916 of the Department of
Agricnlture, “Bombay. Price
As. 36 ordd. .

Artificial Manures—Experiments
with their value for crops in
Western India, Dulletin No. 76
of 1915 of the Department of
Agriculture, Bombay. Price
As. 4 or Gd.

Experience of Kalli Chitti

. Abhoye Naidu of Pulla, Kiston
District, on Green Manure.
Leaflet No. 1 of 1916 of the
Department of Agriculture,
Madras.

Some Uses of Prickly Pear.
Leaflet No. 2 of 1916 of the
Department of Agriculture,
Madras,

Groundnut enltivation in the
Upland Taluks of the Godavari
Distriet. Loaflet No. 3 of 1916

! of the Departwent of Agricul-

ture, Madras.

of Agriculture, Bombay, | Bombay.
Ditto Ditto.
Ditto L Ditto,
Ditto ‘ Ditto.
Ditto Ditto,
! .
G. F. Keatinge, C.LE.,: Ditto,
1.0.8,, President of the
Committee,
Rae Sahib G, K, Kelkar. - Ditto.
. H
Harold H, Mann, D.Sc.,‘ Ditto,

and 8. R. Paranjpe, B.8c.

Chitti Abhoye Naidu Government Pross, Madras.

|
|

J. Chelra Rangn Raju Ditto.

D. Balakrishna Murthi .. Ditto.




LIST OF AGRICULTURAL PUBLICATIONS

LIST OF AGRICULTURAL PUBLICATIONS —contd.

* Title Author Where published
Gensral Agriculture—contd,
53 ( Pulichai, Mailam, or Jari Cotton (. A. I). Stua t, 1.O.8, rover: X
in Tinnevelly and - Roron ¥ 8, Government Press, Madras,
Districts. Leaflet No, 4 of 1916
of the Madras Department of i
Agriculture. i
54 | The .Agricultural and Co-opera- | (ssued by the Departmant | Shalom Press. N
tive Gazelte (Monthly) froml of Agricultnre.pCentral ress. Nagpur.
February o July, 1916, Price: Provincesand lerar.
As. 2 per jssue, '
56 t A Handbook of Agricultural ¢}, Evans, M.a., Deputy | (Yeorge Printin :
Leaflets (in Hind%). Price . Director of Ag’riculau-e’: ’Jubgimlpur. % Pross,
As. 3-6. i Northern Circle, Jubbul-| -
pur.
56 | Season and Crop Report of | Tssusd by the Department | Government Printin £,
Burma for the year ending 30th | of Agriculture, Burma, Burma, Rangoon.
June, 1916. Price As, § or 9d.
57 | Report of the Mandalay Agri- Ditto Ditto,
cnltural  Station  (including
Natywagon Sub-Station) for
the year 1914-15. Price As. 6
or 7d.
58 | Report of the Padu Agricultural Ditto Ditto,
Station for the year 1914-15,
Price As. 2 or 24.
59 : Report of the Buggi Experimen. Ditto Ditto,
| tal Plot for the year 1914-15. .
| Price As, 2 or 2d.
( !
60 : Burma Agricultural Calendar ! Ditto Ditto,
i for 1916-17 (in Burmese).
61 Minutes of the 8th Half Yearly Ditto " Ditto.
Conference of the Agricultural
i Department held at Maymyo on
' the 17th and 18th April, 1916,
| P
£2 JSugarcane Cu]tiva.tion—()ultiva-} A, Mackerral, M A,, Rsc, Ditto.
¢ tors’ Leaflet No. 46 of the, Deputy Director of Agri-;
i Department of Agriculture,: culture, Southern Circle, :
Burma. Burma. }
63 j Report on the Season_and Crops | Issued by the [Department | Assam Secretariat Printing
i otpo Assam for. 191516, Price| of Agriculture, Assam. Office, Shillong.
As. 8 or 9d. .
64 | Summary of Remarks on the | Issied by the Department
Kharif Crops of the North-West | of Agricultare, North-
Frontier Province for 1915.{ West Frontier Province.
. Price As, 4 or 4d. }
65 | The Jowrnal of the Modras| Madras Agricultural| Literary San Fress, Coim-
| Agricultural Students’ Union| Students’ Union, batore.
¢ {Monthly). Aunnual Subscrip-
tion, R. 1. .
66 arierly Journal of the Indian | Scientific Department of Catholic Orpban  Press,
Q;’aa Agsociah'cm. ji’rice As, 6| the Indian Tea Associa-| Calcntta. .
per copy. tion, Caleutta.
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LIST OF AGRICULTURAL PUBLICATIONS~contd.

!

No. Title i Author Where ‘published -
General Agrienlturs—concld. .
67 { The Journal of Dairying and , Published by the Indian | Messrs, Thacker, Spink &
Dairy Farming in Indig. | Committee of the Dairy| Co., Calcutta.
(Issued quarterly). Education Association.
68 | Poona  Agricaltural College|Coliege Magazine Com-| Arya Bhusan Press, Poona.
Magazine (Qnarterly). Annual | mittee, Poona.
Subscription, Ra. 2;
69 | Report on the Working of the | Issned by the Departmeut | Government Press, Banga-
Government  Gardens and| of Agriculture, Mysore, love.
Parks in Mysore for 1914-15.
70 | Report on the Operatious of the | Issued by the Department | Government Press, Trivan.
Depattment of Agricultureand | of Agrienlture, Travan.| dram,
Fisheries,  Travancore for | core. .
1914-15,
AGRICULTURAL CHEMISTRY.
71 | The Gases of Swamp Rice Soils, [ W. H. Harrison, M.sc., | Messrs. Thacker, Spink &
Part III. A Hydrogen-| Government Agricultural| Co., Calcutta,
oxidizing Bacterium from these | Chemist, Madras, and
Soils. Memoirs of the De-| P. A, Subramania Aiyer, ;
partment of Agriculture in| B.A.,, Assistant to the
India, Chemical Series, Vol. [V, | Government Agricultaral
No.4. Price As. 120rls, Chemist,
72 | Some Factors affectiog the | B, Viswanath, T. Laksh- Ditto.
cooking of Dholl (Cajanus| man Row, B.A, and|
indicus). Memoirs of the De-i P. A, Raghunathaswami
partment of Agricalture in| Ayyangar, D.A.,Assistants
India, Chemical Series, Vol. IV, | to the Government Agri-
No. 5 Frice R. 1orls. 6d. cultural Chemist, Madras.
73 | Studies in the Chemistry and | Havold: H. Mann, D.sc., Ditto.
Physiology of the leaves of the | Agricultural Chemist to
Betel vine (Piper betle) and of | the Government of
the Commercial bleaching of | Bombay, and V. G. Pat-
betel-vine leaves, Memoirs of | wardban, B.Ag,
the Department of Agriculture -
in India, Chemical Series,
Vol. IV, No. 7. PriceR. 1 or
14, 6d.
74 | Note on the 8eil of the Experi- | F. J. Warth, m.sc., Agvi- | Government Printing,
mental Farms. Bulletin No. 13| cultural Chemist, Burma, | Burma, Rangoon.
of 1916 of the Department of
Agriculture, Burma. Price
As. 20r
751 A Soil Survey of the Guntur | W, H. Harrison, M.8¢,, and | Government Press, Madras.
Delta. Bulletin No. 70 of the| B. Vishwanath.
Department of Agriculture,
Madras. Price Re. 1-8 or 25 3d. .
. BOTANY.
76 | Some Varieties of Indian Gram  Albert Howard, ¢, LE.,| Messrs, Thacker, Spink &

(Cicer arietinum, L.}, Memoirs
of the Department of Agri-
calture _in  India, Botanical
Series, Vol. VII, No. 8. Price;

R. 1or 15 G4, 5

M.A.; Gabrielle L. C.
Howard, M.A.; and Abday
Rabman Khan, Second
Assistant to the Imperial
Economic Botanist,

Co., Calcutta.




LIST OF AGRICULTURAL PUBLICATIONS

LIST OF AGRICULTURAL PUBLICATIONS—eontd.

No. Title Author
Botany—contd,

77 I'Studies _in  Indian  Qil-seeds, | Albert Howard, C.LE.,
No. 1, Safflower and Mustard. | M.A.: Gabrielle L. C.
Memoirs of ‘the Department of | Howard, M..;and Abdur
Agricalture in India, Botanical | Rahman Khan, Second
Seties, Vol. VII, No, 7. Price| Assistant to tha-Imperial
Re. 1-8 or 23, 64, Economic Botanist.

78 | Btudies in Indian Sugarcanes, |C. A. Barber, sc.D.
No. 2, Sugarcane Seedlings,| (Cantab.), Government
including some correlations | Sugarcane Expert,
between Morphological adras,

7

81

83

84

Chavacters and Sucrose in the
Juice. Memoirs of the Depart-
ment of Agricultare in India,
Botanical Series, Vol. ViII,
No.3. Price Rs. 3 or 4s. 3d.

An Account of the Genus
Capsicum grown in the Central
Provinces and Berar, Bulletin
No, 5 of the-Central Provinces
Department of Agriculture
{only 50 copies available for
sale).

Black Thread Disease of Hevea

in Burma. Builetin No, 14 of
1916 of the Department of Agri-
cul&;re. Burma, Price As, 2
or 24,

One Handred Notes on Indian
Insects, Bulletin No. 59 of the
Agricultural Research Institute,
Pusa, Price As. 8 or 9d.

First Report on the Experiments
carried out at Pusa to improve
the Mulberry Sitk Industry,
compiled under the direction
of the Imperial Entomologist.
Bulletin No. 48 of the Agricul-
tural Research Institute, Pusa.
Price As. B or 7d. (Translated
into Bengali.)

The Mango Shoot-borer. Leaflet
No. 2 of 1916 of the Bengal
Department of Agriculture (for
tree distribution).

Statistics compiled by the
Government of India from the
Reports of Provincial Civil
Vaterinary Departments for
1914-15,

K. P. Shyivastava, Assis-
tant Economic Botanist,
Central Provinces,

MYCOLOGY.

J. F. Dastar, B.Sc., lst
Asgistant to the Imperial
Mycologist, Pusa.

ENTOMOLOGY.

T. Bainbrigge Fletcher,
F.LS., F.E8, P28,
Imperial Entomologist.

M. N. De, Sericultaral
Assistant, Posa.

P. (0. Sen, Entomological
Collector, Bengal.

VETERINARY.

Tssued by the Government
of India, Revenne and
Agriculture Department.

Where published

Moessrs.  Thaoker,

Spink
& Co., Ca lcutta,

Ditto,

Govarglment Press, Central
Provinces, Nagpur.

Government Printing,
Burma, Rangoon.

Government Printing
India, Caleutta,

India Press, Caleutta,

Obtainable from the
department of Agrioul-
ture, Bengal.

Government Printing,
Indin, Coleutta.
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LIST OF AGRICULTURAL PUBLICATIONS—concid:

Title

Author

Whero published

Some Diseases of Cattle in India,
1916

A handbook for stock
owners (revised, 4th edition.)

Price As. 8 or 9d.

Annual Report of the Civil

Veterinary Department, Bihar
and Orissa for 1915-16,

Annual Report of the

31st March, 19.6.

Anunval Administration Report
of the Civil Veterinary Depart-
ment, Madras Presidency, for
1914-15, Price Re. 1-2 or 18, 9¢.

Report on the Working of the

Civil Veterinary Department
Central Provinees and Berar,
for 1915-16,
1s. Gd,

Annual Report of the Govern-

ment Stnd Faram at Kunwal,
Mysore, for 1914-15.

Civil
Veterinary Department, United |
Provinces, for the year. endmg‘

Price R. 1 or|

Velsrinary—contd.

Major Q. K, Walker, C.LE.,
Saperintendent, Civil
Veterinary Depmtment
Bombay.

Issued by the Departmnent
of Aguculture, Bibar and
Orisga.

]Issned by the Department
of Agriculture, United
Proviuges,

Issued by the Civil Veteri-
nary Department, Iad-
ras.

Issued by the Departinent
of Agriculture, Central
. Provinces and Berar,

i Issued by the Department
| of Agriculture, Mysore.

Government Printing,
India, Calcutta.

Government Press, Bihar
and Orisss, Patna,

Gov?rnment Press, Allaha
ad,

Government Press, Madras,

Government Press, Central

Provinges, Nagpur.

Government Press, Banga-

ore.




PUBLICATIONS OF - THE TMPERIAL DEPART-
- MENT OF AGRICULLURE IN INDIA.

. To BE HAD ¥ROM
Tk OFFICE OF THE AGRICULTURAL Apvxsm TO THE GOVERNMENT OF INDIL, PUsa, BIHAE,
and from the following Agents :—
(1} THACKER, SPINK & CO., CALCUTIA, (7) THACKER & CO., Lin., Bonsay, .

(2} W. NEWMAN & CO., CALCUITA, (8) SUNDER PANDURUNG, Bonuay.
3) Rat M. C. SARKAR BAHADUR & (9) Rat Samie M. GULADB SINGH &
SONS, CALCUTTA. ' ’ SONS, LAHORE.
{4) HIGGINBOTHAMS, LTD., MADR4s. (10) MANAGER,EDUCATIONAL BOOK
(5) THOMPSON & CO.., MADR4S. : DEPOT, NaaPUR.
6) D. B. TARAPOREVALA SONS &
CO., BouMBay. \

Aunual Report of the Imperial Department of Agriculture in Tudin for the year 1904.05.
Price, As. 12 or 18, 2d. (Out of print.)
Repart of the Imperinl Dopartment of Agriculture in India for the years 18035.06 and 1906.07,
Prics, As. 6or Td. -
Roport of the Agricnltural Research Institute and College, Pusa (including the Report of
the Imperial Cotton Specialist) for the years 1907-09, Price, As. 4 or 3d.
Report of the Agricnltural Research Institute amit College, Pusa (including the Report of the
Tmperial Cotton Specialist) for the year 1908-10.  Price, As. 4 or 3d.
Report of the Agricultural Regearch Institute and College, Pusa {including the Report of the
Twperial Catton Specialist) for the year 1910-11.  Price, As. 6or T,
Report of the Agricultural Research institute and College, Pusa (including the Report of the :
Traperial Cotton Spacialist) for the year 191112, Price, As. §or 7d.
Report of the Agricultural Research Institute and-College, Pusa (including the Report of the
Imperial Cotton Specialist) for the year 1912-13. Price, As, Tor8d.
Report of the Agricultural Research Institute and College, Pusa (inclading the Report of the
Imperial Cotton Specialist) for the year 1913-14. Price, As. 8.or 9d.
Report of the Agricultural Research Institute and College, Pusa (including the Report of the
Tmperial Cotton Specialist) for the year 1914-15. Price, As. Sor9d.
Report on the Prograss of Agriculture in India for the yeavs 1907-08, Price, As. 8 or 7d.
Repost on the Progress of Agriculture in India for the year 1909-10, Price, As. 6 or 7.
Report on the Progress of Agricnlture in India for the year 1910-11. Price, As. 12 orls 3.
Out of print.) )
Repf}rt onft’};e Progress of Agricalture in India for the year 191112, Price, As, Sior 7d.
Report on the Progress of Agrienlture in India for the year 191213, Price, As. 8 of %,
Report on the Progress of Agrieulture in India for the year 1913-14. Price, As. 8 or 0,
Report on the Progress of Agricutture in India for the year 181415, Price, A B ovﬂGd.
Proceedings of the Int(gﬂ[’ro:iincial J}l)lte Oo;feaenc%‘llxt-l(l at Calontta from the 2nd to dth
August 1915 (with endices). Price, As. Bor 7d. B
Proceedings of éhe Bonfg of Azr)icnltuga in deias, he(;dl at Pusa on the 6l January 1905 and
following days (with Appendices). Price, As. 8 or 3d. ;
Procetlzdingsgof t%le(Board 5? Agriculture in India, held at Pusa on tha 15tk Janvary 1906 and
following days (with Appendices). Price, As, 12 or Is ad. Peoriars
Proceadings of the Board of Agricniture in India, held at Cawnpur on the 18th February
1007 and following days (with Appendices). Price, fte. 1-20r 15 60 . 190
Proceedings of the Board of Agrigu]ture i;l Ind:. gleldg?it Pusa on the 17th Febrnary 15
and following days (with Appen. ices). Price, As, 8 or 3d. } )
Proceedings of tﬁe B%aid of Agficn]]tura in ll;\qia,h:\dsat %ngm' on the 15th February 1909
and following days (with Appen: ices), Price, As, Bor 2d. . )
Procel:alaiiin 9 of tﬁe B{)a.rd of Agriculture in Ingiak helgdat Pusa on the 25t Febrnary 1910 and
following days (with Appendices). Price, As. 8 or 9d. . . ‘
Proceedingsgof !;h((a Boardp?»f Agriculture in India. held at Pasa on the.l(;t.h Navember 1811
and following days (with Appendices}). Price, Ax. 100 1. (Out of prin The sth December
Proceedings of the Board of A;!ricultured in gndllix,_ hel;i{ at] ‘3";:“,‘;“;“{“ on the Sth 17
nd following days (with Appendijces). Drice. hic. 0= . )
P\-oclggizgg of the Bgardyof Ag(;-icu]t?u'pi,in ]‘{g“‘ 1‘1:\!‘ r{t gx;sa on the 7th Fehruary 1916 and
Tho days (with Appendices). DPrice, Re. 12 ov Is. 9. )
Sts:ggt?;lgﬁrrizul(um forpi,’rozinciz)\l 5A;z'ricultura\ Colleges as vecommended by the Board of
viculture, 1908, Price, As. 4 or 3d. L N ,
Theﬁggr{cultuﬂ,ll Jowrnal of India. A Quarterly Jonrnal dealu\‘g‘ “]Ithtsm?gsdﬂl:ilt):nig‘ile:.
with agricultural economics, field and_garden cr.ops,_econct;{lg plant cott pests tungus
manures, methods of cultivation, irrigation, téhmat}c ﬁg;(emgn:h( 1ll rer ag"i‘cll]tur&l
diseases, _co-ope_rative credit, agn_cultur.al cat{:!e, esml‘ t‘gpform » prominent fentare of the
matters in India. Illustrations, including £0 ogr, P & o o mverament of India, with the
Journal. It igedited by the Agricnltural Adviser oo, Annial Subserip-
assistance of the Staff of the Pusa Agricultnral Research 0On :
tion, Rs. 8 or 8s. 64, inolnding postage. Gingle copy, Ra. 2 or 35



Mexoirs oF THE DEPARTMENT oF AGRICULTURE IN INDIA are
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BOTANICAL SERIES.

Studies in Root-Parasitism, The Haustorium of Santelum album.—

Part 1.—Early Stages, up to Penetration, by C. A, BARBER, M.A., F.LS.
Price, R. 1. (Out of print.)

Part II,—The Structure of the Mature Haustorinm and the Inter-relations
between Host and Parasite, by O. A, BARBER, M.A., F.L.8, Price, Rs, 3,
(Out of print.) )

Indian Wheat Rusts, by E. J. BUTLER, M.B., P.L.8. ; and J. M. HAYM4aN,

D.V.8, Price, Re. 3. (Out of print.) )

Fungus Diseases of Sugarcane in Bengal, by E.J. BUTLER, M.B., F.LS.
Price, Re. 3. (Out of print.) .

Gossypium obtusifolium, Roxburgh, by I. H, BURKILL, M.A, Price, R. 1.

An Account of the Genus Pythium and some Chytridiacew, by E. J.
‘BUTLER, M.B., F.L.S. Price, Re. 4.8, (Out of print.)

Cephalouros virescens, Kunze: The ‘Red Rust’ of Tea, by Haxoip H.
MaNN, DsSc.,F.L8.; and C. M. HUTCHINSON, B.A. Price, Rs 4.
(Out of print.)

Some Diseases of Cereals caused by Sclerospora graminicola, by E. J,
BUTLER, M,B., F.L8. Price, Re. 1-8.

The Indian Cottons, by G. A. GAMMIE, F.LS. Price, Re. 7-8. (Out of print.)

Note on a Toxic Substance excreted by the Roots of Plants, by F.
FLETCH®R, M.A., B.8c. Price, Re. 1-8.

Studies in Root-Parasitisra, Part III.—The Haustorinm of Olax scandens,
by C. A. BARBER, M.A., P.L.8, Price, Rs, 2-8,

Studies in Root-Parasitism, Part IV.—The Haustorium of Cansjera Rheedii,
by C. A. BARBER, M.A,, F.L§, Price, Ry. 2.8, (Out of print.)

Some Experiments in the Hybridizing of Indian Cottons, by P. F. Fysox,
B.A., F.L.B, Price, Re, 1-8, (Out of print.) -
The Varietal Characters of Indian Wheats, by ALBERT HOWaRD, m.4.,
F.L.8. ; and GABRIELLE L. C. HOWARD, M.a, Price, R. 1, (Out of

print.)

The Mulberry Disease caused by Coryneum mori, Nom., in Kashmir, with
notes on other Mulberry Diseases, by E. J. BUTLER, M.B., F.L5. Price,
Re. 1.8. (Out of prinl.)

The Wilt Disease of Pigeon-Pea and the Parasitism of Neocosmospora:
vasinfscta, Smith, by E. J. BUTLER, M.B., F.L.8. Price, Rs, 3,

Studies in Indian Tobaccos, No. 1.—The Types of Nicotinna rustica, L.
Yellow Flowered Tobacco, by ALBERT HOWARD, M.A., A.R.C.8., F.L., ;
and GABRIELLE L. C. HOWARD, M.A. Price, Ra, 4,

Studies in Indian Tobaccos, No. 2.—The Types of Nicoliana tabacum, L.,
by ALBERT HOWARD, M.A,, A.R.0.8, P.L8.; and GABRIELLE L. C,
HOWARD, M.A, Price, Rs, 9,

Stodies in Indian Fibre Plants, No. 1.—On two Varieties of Sann,
Crolalaria juncea, L, by ALBERT HOWARD, M.A., A.R.C8,, F.L.S.; and
GABRIELLE L. C. HOWARD, M.A, Price, R. L.

The Influence of the Environment on the Milling and Baking Qualities of
Wheat in India, No, 1,—The Experiments of 1907-08 and 1908.09, by
ALBERT HOWARD, M.A., F.L8.; H., M. LEAEE, M.A, F.LS8.; and
GABRIELLE L, C, HOWARD, M.A, Price, Re, 1.8,

The 132ud-Rot of Palms in India, by E. J, BUTLER, M.B., F.L8. Price,

8y & ‘

The Economic Significance of Natural Cross-fertilization in India, by
ALBERT HOWARD, M.A., A.B.C.8,, F.L.S., ; GABRIELLE L, C, HOWARD,
M.A.; and ABDUR RAHMAN KHAN, Price, Ra. 4-8.

I Milleta of the Genus Sefaria in the Bombay Presidency and Sind,

by G. A. GAMMIE, F.L8. Price, Re. 1.



BOTANICAL SERIBS—concld.

Vol. IV, No. II. 8tudies in Indian Fibre Plants, No. 2,--On some new Varietj i
cannabinus, L., and Hibiscus Sabdarifia, L., by v::.‘l‘;:r'l‘so;{g\‘wbr;:‘
- M.A., AR.C.8., F.L8.; and GABRIELLE L. C. HOWARD, N.a. Price, R, 3,
Vol. IV, No. 1II. Notes on the Incidence and Effect of Sterility and of Cross-fertilizati
. - 5 ilglr;&e {{dim Cottons, by H. MARTIN Luxs,y M.a; and lhfn:l tlg}‘t:lstxonr:
X .
Vol.. 1V, No. IV, The Inheritance of Red Colour, and the Regularity of Self.fortilization in
Corchorus capsularis, Linn., the common Jute Plant, by R. S, FinLow
B.sc.; and I B, BURKILL, M.A., F.LS, Price, R. 1, '
Vol. IV, No. V. Obhservations on Certain Extra-Indian Asiatic Cottons, b i
LEAKE, M., 5 and BAM Prasav,  Prico B 14 ¥ H. Mawmis
Vol. 1V, No. VI. The Morphology and Parasitism of Rhizoclonia, by ¥, J. F. SHaw, u.sc,
AR.C.8., F.L8, Price, R, 2, !
Vol. V, No. 1. On the Inheritance of some Characters in Wheat—1I, by ALbkrT Howaxrn
M.4., &R.CS, ¥,LS, ; and GABRIELLE L. O. HowAkD, M.A,  Price, R. 1.
Vol. V, No, II. The Influence of the Environment on the Milling and Baking Qualitier
of Wheat in India, No. 2.—The Experiments of 19(9-10 and 1910-11, by
ALBERT HOWARD, M.A, PLS.; H LEAKE, M.4, F.L8.; and
GABRIELLE L, C. HOWaRD, M.A. Price, B. 1,
Vol. V, No. III, The Varieties of Soy Beans found in Bengal, Bihar and Orissa and thei
commercial possibilities, by E. J. WOODHOUSE, M.a,, F.LS.; and
C, SoMERS TAYLOR, B.A. Price, Rs, 2
Vol.*V, No. IV. On Phytophthora parasitica, nov. spec. A new Diseass of the Castor Oil
Plant, by J. F. DASTUR, B.Se, Price, Rs, 2,
Vol V, No. V, Studies in Peronosporacess, by E., J. BUTLER, M.B, b.LS.;
G. 8. KULKARNI, L.ag. Price, Rs. 2.
Vol. VI, No. . Notes on Pollination and Cross-fertilization in the Common Rice Plant,
Oryza sativa, Linn., by G. P. HECTOR, M.4A., B.Sc. Price, R. 1.
Vol. VI, No. IL A]::'Sc‘leroltéal1 Disease of Rice, by F. J. F. SHaw, Bsc., ARCS., FLS,
rice, R, 1.
Vol. VI, No. III. Studies in Indian Tobaccos, No. 3.—The Inheritance of Characters in
Nicotiana labacum, L., by GABRIELLE L, C. HowaRb, M.A. Price, Rs, 3.
Vol, VI, No. 1V, Studies in Indian Cottons, Part I—The Vegetative Characters, by H,
MARTIN LEAKE, M.4,, F.LS. ; and RaM PRrasaD, Price, Ry, 3%,
Vol. VI, No. V. Red Rot of Sugarcane, by E.J. BUTLER, M.B., F.L.S. jand AsiUL Hariz
KHaN., Price, R. 1 .
Vol. VI, No. VI, Some New Sugarcane Diseases, by E. J. BUTLER, M.B., F.L.S.; and
AppUL HaFiz KHaN. Price, Rs. 2. . .
Vol. VI, No, VII, A Preliminary Note on the Classification of Rice in the Central Provinces,
by R. J. D. GRAHAM, M.A., B.&c, Price, Re. 1.8, . )
Vol. VI, No, VIII, The Influence of the Environment on the Milling and Baking Qualities of
Wheat in India, No. 3. The Experiments of 161112, by ALBERT HowaRp,
C.LE., M., ; H. M, LEAKE, s A ; and G. L. C. HowaRrp, M.a, Price,R.1
or 1s, 6d.
Vol, VII, No. 1. Studiesin Indian Sugarcanes, No. 1, Panjab Canes, by C, A. BARBER, §¢.D.
Price, Rs. 3-8 or 5. 6d. . .
Vol. VII, No. 1, The Distinguishing Characters of Sugarcanes cultivated at Sal{our,.hy
E. J. WoODHOUSE, M.4. ; and S. K. BASU, M., ; with a Nota on Chemical
Characters by C. SOMERs TAYLOR, B.A. Price, Re. 1-8 or 2s. 6d.
Vol. VII, No. ITL. The Potato Blight in India, by J. F. DasTUR, 8.5¢. Price, R. I or 15, 6,
Vol. VII, No. IV, The Genus Rhizoctonie in India, by F. J. F. SHaw, Bsc; and 8. L.
AJREEAR, B.4., Dip. Agr. (Cantab). Price, R. 1or 14. bd.
Vol VII, No. V. Experiments on the Physiology of Indigo-ylelding Glucosides, by F, 1L,
PARNELL, B.A, Price, R.1or1s 6d. . !
Vol. VI, No. VI, Some Varietiesof Indian Gram (Cicer avigtinum L.), by ALBERT How ARD,
C.LE., M.A.; GABRIELLEéAd. O, HOWARD, M.A.; and ABDUR RAHMaX
KHAN., Price, R.1or 15, 6d. ’
. 3 . ies in Indian Oil-seeds, No. 1. Safflower and Mustard, by ALBERT
Vol. VIT, Ne VI,I Stlll{?)lvev!,n:g, CLE, M.A.; (;‘.Amlu!;alm7 L.G(ll. HowagkD, M.A; and ABODUR
RAHMAN KHAN. Price, Re. 1.8 or Zs. bd.
i e of some Characters in Wheat—1I, by ALBERT
Vel. VI, No. VIIL. Oﬁo%iul&hﬁgﬁc M.A.; and GABRIELLE F. C. HOWARD, M.4, Price,
Re. 1-8 or 2s. Bd. .
Vol. VIII, No. I. The Wheats of Baluchistan, Khorasan, and th;: K)"""am Valley, by
GaRIELLE L. C. Howako, M.a. Price, Rs. 1120025 64 . o
Vol. VIII, No. II. Obgervations on the Inheritance of Anthocya‘.] Pigment in Faddy
varietiesi b{ G. SP 0 Bmmek’ 1’\5;,“9‘ Bénan‘(ci:éhgfelsﬁﬁ)n inclading some
ies i dian Sugarcanes, No. 2, 2 2l "
Vol. V1iI, No. III. Sh‘l‘g‘l_::]:zio:s betwéz:n Morpholﬂgiqal RCh%.»gf‘tzs ‘Mand Sucrose in the
juice, by C. A, BARBER, sc.D. Price hs. L Ad.
Vol. VIII, No. IV. Pa["]inatiog' and Cro;s—{ertili?tmn in the Juar Plant, by R. J. D. GRaHAM,
M.A., B.8C. {Inthe press. o ) .
Vol. VIII, No. V. Phylophthora Sp. on Hevea Brasiliensis, by J. ¥. Dastuk, Bsc. (In the

and

—

083. . !
Vol. VIII, No. VI, Pl:;/rto;h)thora on Vinea rosea, by J. F. DASTUR, B.sc. (In the pr 483,
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CHEMICAL SERIES.

The Composition of Indian Rain and Dew, by J. WALTER LEATHER,
Yh.D,, F.1.C. Price, R. 1, :

The Composition of the Oil-Seeds of India, by J. WALTER LEATHER, Ph.D.,
¥.1.c. Price, R, 1. {Qul of print.) ) -t

The Pot-Culture House at the Agricultural Résearch Institute, Pusa, by
J. WALTER LEATHER, Ph.D., F.1.C. _ Frice, Rs. 3. 3

Experiments on the Availability of Phosphates and Potash in Soils, by

* J, WALTER LEATRRER, Ph.D,, R.IC. Price, Re. 1.8,

The Construction of Drain Gauges at Pusa, by M. H. ARNOTT, M, INST.C.E,,
with a Preface by J. WALTER LEATHER, Ph.D., F.LC. Price, Rs, 3.
{Out of print.)

The Loss of Water from Soil during Dry Weather, by J. WALTER LEATRER,
Ph.D., F.L.C. Price, Rs. 2. (Out of print.}

The System Water, Calcium Cavbonate, Carbonic Acid, by J, WaLTER
LEATHER, Ph.D., F.LC.; and JATINDRA NATH SEN, M.a, Price, R. 1,
Water Requirements of Crops in India—I, by J, WALTER LEATHER,

Ph.b., F.I.C. Price, Rs, 3.

The Nature of the Colour of Black Cotton S0i), by H. E, ANNETT, B.5c.
Price, R. 1,

Water Reduirements of Crops in India—II, by J. WALTER LEATHER,
Ph.D., F.L¢. Price, Ra. 2-8. i

The Composition of the Milk of some Breeds of Indian Cows and
Buffaloes and ita Variations, Part I. The Milk of some Breeda of
Indian Cows, by A. A, MEGGITT, B.Sc, ; and HaroLo H. MANN, D.sc.
Price, Re, 1-8, .

Records of Drainage in India, by J. WALTER LEATHER, Ph.D., F.LC.
Price, R, 1,

The Rab System of Rice Cultivationin Western India, by Haronn H.
MANN, p.8c. ; N. V., JosHI, B.A., B.Sc., Lag.; and N, V. KANITEAR,
B.Ag. Price, R, 1.

The Composition of the Milk of some Breeds of Indian Cows and Buffaloes
and its Variations, Part II. The Milk of some Breeds of Indian Buffa-
loes, by A. A, MRGGITT, B.sc.;and HaroLp H. MANN, n.sc, Price, Re 1.8,

A contribution to the Knowledge of the Black Cotton Soils of India, by W.
H. HARKISON, M.S¢. ; and M. R. RAMASWAMI SIVAN, B.A. Price, R, 1.

The Date-Sugar Industry in Bengal, an Investigation into its Chemistry
and Agriculture, by H., B. ANNETT, B.Sc., assisted by G. K. LELE,
L.Ag. ¢ and BEAILAL M, AMIN, B.A. Price, Rs. 3.

Evaporation from a Plain Water Surface, by J. WALTER LEATHER, Ph.D.,
F.1.C. Price, R. 1,

Studies in the Chemistry and Physiology of the Leaves of the Betel-Vine
(Piper betle) and of the Commercial Bleaching of Betel-Vine Leaves,
Part I, by HaroLp H, MaNN, p.sc.; D. L. SAHASRABUDDHE, B.Sc.,
L.Ag. ; and V. G. PATWARDHAN, B.Ag, Price, Re, 1-8,

The Gases of Swamp Rice Soils, Part I. Their Composition and Relation-
ship to the Crop, by W. H. HARRISON, M.5¢.; and P. A, SUBRAMANIA
AIYEE, B.A. Price, Re. 1-8. .

The Experimental Error in Sampling Sugarcane, by J. WALTER LEATHER,
v.D., Ph.D., F.LC. Price, R, 1.

The Fractional Lignefaction of Rice Starch, by F, J. WaRTH, M.5¢.; and
D. B. DARABSETT, B.sc. Price, R. 1.

The Yield and Composition of the Milk of the Montgomery Herd at Pusa
and Errors in Milk Tests, by J. WALTER LEATHER, V.».,, Ph.D., F.LO.;
and A, C, DoBBs. Price, R, 1 or 11. 64,

The System Potassiom Nitrate, Sodiam Chloride, Watar, by J. WALTER
LEATHEE, V.D,, Ph.D., F.LC, ; and JATINDRA NATH MUKERJEE, B-A., B.SC.
Price, R. Lor 1s, 6d. 3 N

The Systems—(A) Water, Magnesium Carbonate and Carbonic Acid, (B)
Water, Calcium Carbonate, Magnesium Carbonate, and Carbonic Acid,
by J. WALTER LEATHER, V.D., Ph.D., F.1.C. ; and JATINDRA NATH SEN,
M.a. Price, R. Lor1s. 64, .

stmlizes g; an Acid Soil in Assam, by A. A. Megerrr, Bsc. Price, R 18
or 2s. 3

The Gases of Swamp Rice Soils, Part II. Their Utilization for the Aeration
of the Roots of the Crop, by W. H. HARRISON, M.Sec.; abd P. A, SUBRA-
MANIA AIYER, B.A. Price, R.1 or 1s, 6d.

Soil Temperatures, by J. WALTER LEATHER, V.D,, F.IC. Price, Re. 2 or 3s.

Soil Gases, by J. WALTER LEATHER, V.D., R.LC. Price, Re, 1.8 or 2s. 6d.

The Gases of Swamp Rice Soils, Part IIL. A Hydrogen-Oxidizing Bac-
terium from these Soils, by W. H. HARRISON, D.gc.; and P. A,
SUBRAMANIA AIYER, B-A.  Price, As. (2or 1. )

Some_Factors affecting the Cooking of Dholl (Cujanus indicus). by
B. VIsSwANATH, T. LARSHWANA ROW, B.A;, and P. A. RAGHUNATHSWAMI
AYYANGAR, D.A. Price, R, 1 or 14 64.

The Insects attacking Stored Wheat in the Punjab, and the Methods of
combating them (including a Chapter on the Chemistry of Respiration),
by J. H. BARNES, B.8c., F.IC. ; and A. J. GROVE, M.8c. (In the press.)



CHEMICAL SERIES—eoncld,

Vol, IV, No. VII. Studies in the Chemistry and Physiology of the Leaves of the BetelVina

Vol.-V, No. ;

Yol. I, No.

Vol. 1, No,
Vol. 1, Ne.

Vol. 1, No,
Vol. 'I, No.

Vol, I, No.
Vol. II, No,
Vol. I1, No,
Vol, 11, No,
Vol. 11, No,
Vol, I, No.
Vol. 11, No.

Vol. IT, No.

{Pipsr betle) and of tha Commereial Bleaching of Betel-Vine Leav
Part II, by HaroLD H. MAXN, D.ge.: . G, Par e
v By » jand V. &, PATWARDHAN, B.Ag.
L . The Gases of Swamp Rice Soils, Part IV, The Source of the Gaseous Soil
Nitrogen, by W. H, Harnisox, v.se.;-and B, A, ATYER
B.A. (In,the press.) ! SUERAMANIA AlvER,

ENTOMOLOGICAL SERIES.

1. The Bombay Locust (dcridium succinetum, Linn.). A Réport on the Investipa-
tions of 190304, by H. MaxwELL-Lirroy, 1\1:..«.. F.-in.s.l,“e:t.‘zg.:.
Price, Rs, 2.8, :
1. The more Important Insects injurious to Indian Agriculture, by H.
MAXWELL-LEFROY, M.A., F.R.S,, F.Z.8, Price, Rs. 3. (Oul of print.)
IIT,  The Indian Burface Caterpillars of the Genus Agrotis, by H. MAXWELL-
LXFROY, M., F.E8,, F.2.8.; and C. C, GHOsH, BE.A, Price, Hs. 1-8.
(Out of print.) o
1v. Individual and Seasonal Variations in Helopeltis Thsivora, Waterhouse,
with description of a new species of Helopeltis, by HaroLd H. MaNK,
Bn.8c. Price, R, 1.8,
V. The Coccidee attacking the Tea Plant in India and Ceylon, by K. K.
GREEN, F.E.S., F.28; and Harowd H. MaNN, pse. Price, R. L.
(_Out of print.}
VI. The Mustard Sawfly (Athalia proxima, Klug.), by H, MAXWELL-LErRoOY,
N.A., F.K.8., F.2.8,; and C, C. GHOSH, n.a. Price, R. 1. (Out of print.}
L. The Rice Bug (Lsptocorisa varicornis, Fabr.)), by H. MaxweLL-Lirxoy,
M.A,, F.ES,, F.Z8, Price, R, 1,
II. Nemarks on Indian Scale Insects (Coccide), Part 111, by B. B, GREgN
F.K.S8,, F.z.8. Price, Ils. 1.8,
. The Red Cotton Bug (Dysdercus cingulatus, Fabr.), by H., MaxwkLL-
LEFROY, M.A,, F.E8,, .28 Price, R. 1.  {Out of print.)
1V, The Castor Sewi-Looper {Ophiusa wmelicerte, Dr.), by H., MaxweLL-
LEFROY, M.A., F.E8., F.Z.5, Price, Rs. 2. (Out of print.)
V. The Tobacco Onterpillav (Prodenia littoralis), by H, MaXWELL LEFroy,
M.A., F.ES., F.2.8. Price, Rs, 1-8, (Out of pring.)
The Cotton Leat-Rollev (Sylepta derogata, Fabr.), by H. MaXWELL LxFroY,
M.A., F.ES,, F.2.8. Price, Rs. 1.8, (Out of prind.)

VII. Notes on Indian Scale Insects (Coccidee) by H, MAXWELL-LEFROY, M.4.,
F.E.8., F.Z.8, Price, Rs. 1.8, (Out of print.)

II

—

VI

—

Vol, IT, No. VIII. Life-Histories of Indian Insects {Coleoptera~I), by H. MaxweLL-Lerroy,

Vol. II, No.

Yol. II, No.

Vol, I,
Vol. 1V, No,

Yol, IV, No.

Yol. IV, No.
Veol. 1V, No.

Vol. IV, No,

Vol. 1V, No.
Vol. V, Na.
Vol. V, No,

M.A., F.ES., F.7.8. Price, Rs. 2,
IX. Life-Histories of Indian Insects—II. Some Aquatic Rhynchota and
Coleoptera, by D. NOWROJEE, B.a, Price, Rs, 1.8,

X. Life-Histories of Indian Insects—III. The Rhinoceros Beetle (Oryctes
vhinoceros) and the Red or Palm Weevil (Rhynchophorus ferrugineus),
by C. C. GHOsH, B.A. Price, Rs. 2,

The Food of Birds in India, by C." W, MASON, M.8.E.4.C., edited by H.
MAXWELL-LEFROY, M.A., F.E.8,, F-2.8. Price, Rs. 7-8.

Evi Silk, by H, MAXWELL-LEFROY, M.A,, F.ES,, F.Z8.; and O, C. GHOsH,
B.A, Price, Re, 3
II. Tetrigin® (dcridiing) in the Agricultural Research lustitupe, Pusa,

Bihar, with descriptions of new species, by J. L. HANCOUK, F.ES.
. Price, R, 1.
I1I, The Big Brown Cricket { Brachytrypes achatinus, Stoll), by C. C. GHOSH, B.a.
Price, R, 1.
1V. Life-Histories of Indian Insects—1V (Hymenoptera), by G. R. Duvrr,
B,A. Price, Rs. 2, i
V. Inquiry into the Insecticidal action of some Mineral and other Compounds
on Caterpillars, by H. MAXWELL-LEFROY, M.A,, FES, FZ8.; and R. 8.
FINLOW, BSc. Price, Bs. 1.8,
VI. The " Psylla” Disease of Indigo, by A. J. GROVE, M.sc. ; and C. C. GHOsH,
B.A, Price, Rs, 1.8 or 25, 6d. .
1. Life-Histories of Indian Insects—V. Lepidoptera (Buttertties), by C. C.
GHOSH, B.A. Prics, R, 2-8 or 32 8.
11, Indian Sugarcane Leaf-hopper (Pyrilla aberrans, Kirby
(In ths press.)
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), by C. S.‘MISRA, B.A
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_BACTERIOLOGICAL SERIES,
1, No. 1. Studies in Bacteriological Analysis of Indian Seils, No, 1,1810-11, by 0. M.
HUTCRINSON, B.A. Price, Rs. 28,
1. Rangpur Tobacco Wilt, by C. M. HUTCHINSON, B-A. Price, Rs. 2,

I, No. IIl. A Rew Nitrite-forming Organism, by N. V, Josar, B.A.', B.5C, LuAg.
Price, R. 1 or 15, 6d,

I, No. IV. Azotobacter and Nitrogen Fixation in Indian Soils, by J. H. Wacrox,
B.A., BSc. Price, R. 1 or 1s, 6d.

I, No. V. Bacterial Rot of Stored Potato Pubers; by C. M. HUTCHINSON and
N. V. JosHI, B.A,, B.Sc., L.Ag, Price, R, | or 1, 6d,

I, Wo. VL Bikhar—the Indian Rice Beer Ferment, by C. M. HoTcHINSOX and C. S.
RAM AYYAR, B.A, Price, R, 1 or 13, 6d,

~
2
°®

VETERINARY SERIES,

1. No. -I. Anaphylaxis in the Larger Animals, by J. D. B, HOLMES, M,A., D.gc.,
M.R.C.V.8,  Price, Rs. 2,

1, No. II. Salvarsanin the treatment of Surra in Horses,‘D"OgS. and ARnbhits, by
J. D, B, HOLMES, M.A., D.5c.,, M.R.C.V.8, Price, Re. 14,

I, No. IIT. Some more successful Experiments on the treatment of Surra in the

Camel with r dations for Systematic treatment, by A. S, LEESE,
. MRS, Price, R L :

I, No. 1V. On the Immune Bodies occurring in Anti-RinderpestSerum, and on the
Vaviations occirving in the Sermn Proteins of Animals during
Rinderpest, and during Tmmunization and Hyper-Immunization, by P.
HARTLEY, D.8c. Price, Rs, 2,

11, No. 1. Some cases of Surra treated in the Field and inthe Laboratory during
the Auntumn of 1911, by Major J. D, B, HOLMES, M.A,, D.sc,
Price, R. 1.

IT, No. II. Rinderpest: Further Investigations on Questions connected with the Eco-
nomijcal Produetion of Anti-serum, by Major J. D. B, HOLMES, M.A,,
D.8c. Price, R. 1

11, No. LI, The Curative Treatment of Hwmorrhagic Septicmmia in Cattle by the
. administration of Iodine, and other notes on Chemiotherapy in Rinder-
pest and Heworrhagic Septicemia, by Major J. D. E. HoLMES, C.LE,,
M.A., D.Sc. Price, Ri 1 or 1s, 64. .
11, No. IV. The Vitality of the H: Thagic Septicemia Organi tside the body,
by Major J. D. E. HOLMES, C.I.E., M.A,, D.8¢.  Price, R, 1 or 1 64,
1I, No. V. Bursati, by Major J. D, E, HOLMES, CIE., M., D.S¢, MRCV.S,
Price, Rs. 1.8 or 2s. 34
11, No. V1. Experiments on the treatment of Surra in Camels, by H, E, Cross,
M/R.C.V.8,, D.V.H., A,8¢, Price, R.1or 12 6d.
11, No. VII. Anthrax—Some Experiments onthe Immunizing effect of the Simultaneous
" Injection of an Anthrax attenuated virus and an Anthrax Anti-serum,
by Major J. D. E. HOLMES, C.1,E., M.A., D,SC,, M-R.V.8. Price, R.1or
1s. 6d.

BULLETINS ISSUED BY THE AJRICULTURAL RESEARCH
INSTITUTE, PUSA,

1. Notes on -Cotton in Bihar in 1904, by H. M, LEFROY, M.A, RES, F.ZS
Price, As. 4 or 6d. .

2, An Outbreak of Uotton Pests in the Punjab, 1905, by H, M, LEFROY, M4, F.ES&,
r.7.8. Price, As, 6 or 7d.

3, The Extension of Jute Cultivation in India, by R. 8. FiNLow, B.#c. Price,
As. 12 or 12, 2. {Out of print.)

4. Wirat Report on the Fruit Expeviments at Pusa, by ALBERT HOWARD, M4\, AR,C.B,
¥.L8, Price, As, 6 or 6d.

" 5. Report on Trials of the South ‘African Locust Fangus in India. by E. J, BUTLRR,

X.B., F.L8; snd H. M. LEFROY, M.A., R.ES,, ¥.Z.8 Price, As, 2o0r

6, The Ticke Infesting Domesticated Animals in India, by C. WARBUBTON, M.A,
Price, An. dor 6d.  (Out of print.)
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-
No. 7. A Preliminary Account of the Biting Fliea of India, by H. Ma
F.RS., F.z8, Prioe, R.Lor 12.8d. (Ouf of print.) Y XWELL LEFROY, M.4.,

{

No. 8 Official and Recommended Methods for nee in Chemical Laboratori f
‘.:w“:s %fi Agricuiture in India, by J. WALTER LRATHRR. vﬁ.'n?, ;{llfc,l);’l::cr:-
8. 4 or 8d. : '

Nn“ 9. Report on Coconut Palm Disease in Travancors, by E. J. Ry

Price, An. B or 6d. {Out of print) 7 TLRH, MB., RIS
No 10. Treatment and Observation of Crop Pests on the Pusa Farm by H. Maxwerr.L

M.A., FES., P28 and O. 8. MIsRa, B.A. Price, As.6or 7d. (Out of prmffmy'

No. 1. On Flax Dodder, by ALBERT HOWARD, M.A., A.R.CH., F.LS. Price, As. 1 or 84,
(Out of print.} '
No. 12. The Making and Care of Lawns in India, by ALBERT HOWARD, M.A.. A.K.C.
Price, As. 4 or 8d, (Out of print.) Ao AROE BLE

No. 13. Hulga;i;ue uts thl\?I Paﬁt&bgm‘h Experiment Station, by G. CLanke, ﬁ.l.u.; and Khan
ahadur 8§, M. HaDi, M.R.A.C., M.R.A.8.  Assisted by 8, C. BANERJE
HOUSBAIN. Price, As, 6 or 6d. v * and Nute

No. 4. The Milling and Baking Qualities of Indian Wheata, No, 1, by ALBERT Howawun,
M.A,, ARC8., PLE ; and GABRIELLE L. C, HOWARD, M.a. Price, As. 4 or 6d.

No. I5™ fote on the Bxtension of Cultivation of Fibre Plants in India. Price, As. 6 or 8d.

No. 16. Second Report on the Fruit Experiments at Pusa, by ALEERT Hawamp, M.a.,
AR.C.8,, F.L.8, Price, As. 6 or 8d.

No. 17. The Milling and Baking Qualities of Indian Wheats, No. %. Some new Pusa
Selections tested in 1909, by ALBERT HOWARD, M., A.R.0.8., F.L8,; and GABRIELLE
L. C. HOWARD, M.a. Price, As, 6 or 8d.

No. 18. Report on the Ountbreak of Blister Blight on Tea in the Darjeeling District in 1908.09,
by W. McRAR, M.A., B.8c. Prioe, R. 1 or s, 6d.

No. 19. List of Names used in India for C Insecta, piled in the Laboratory of the
Impetial Entomologist, Pusa, Price, As. 12 or 14. 2d.

No, 20, Memorandnm on Indian Wheat for the British Market {Read before the Incorporated
National Association of British and Irish Millers), by Sir JAM&s WSON, K.C.8.L
Price, As. 4 or 6d. )

No. 2. Memorandam regavding Leading Bucalypts suitable for India, by F. Boorn
TUCKER. Price, As. 4 or §d. (Out of print.)

No. 22, The Milling and Baking Qualities of Indian Wheats, No. 3, Home New Pusa
Hybrids tested in 1910, by ALBERT HOWARD, M.A., A.R.C.8., F.L&. ; and GABRIBLLE
L. C. HOWARD, M.a. Price, As. 7 or 8d. X . i

No. 23. lnsecticides—Mixtures and Recipes for nse against Insects in the Field, the ()rchgrd.
the Garden, and the House, by H. M. LEFROY, M.4,, F.E.8,, F.2.8. Second Edition,
Revised, with many additions by T. BAINBRIGGE FLETCHFR. R.N., FRS., F.28.
Price, As. 12 or 1s. 2d.

No. 24. The Indian Saltpetre Industry, by J. W. Learaer, fh.o, RLC; and J. N,
MUKHERJI, B.A., B.Sc. Price, As, 8 or 9d. i i

No. 25. Report on the Flax Experiments conducted at Dooriah during the year 1910-11, by K.
M. VANDEKERKROYE, Price, As. 6 or 7d. L ) \

No. 26, Note on the present position of Cotton Investigation in India, by BERNARD Cov.
RNTRY, C.LE, Price, As. 2or 3d. :

No. 27, Hxperiments on the Cuitivation of Sugarcane at the Partabgarh EXD""“"S
Station, 1004—11, by G. CLARKE, F.LC.; H. E. ANNEIT, Bic,; and SYED ZAMIN
FUBAIN, B.a. Assisted by S, C. BANERJEE and Na1b HUBSAIN. Price, As. 5 or 8d.

No, 28, The Cultivation of Lag in the Plail;\sE caf Indis)s (Zachardia lacea, Kerr.), by C. 8. M1sra,
B.A. Prics, As. 8 or 9d. (Revise ition. " R

No. 20, Directions for the Onltivation of Eri Silk. (Revited Edition.) Price, éslb-‘m ;d-b

No. 30. Report on the Flax Experiments conducted at Dooriah during the year -1z, by
E. M. VANDEKERRHOVE. Price, As. 1.6 or 2d. i+ bearing on Wheat

No. 31, Wheat Experiments on the Botanical Ares, Cawnpur, and their 3;’;““_ Ohd R
Cultivation in the gjnited Provinces, by H, MARTIN LEARE. M.4.;
PRraSAD. Price, As. Jor 44, N .

:No. 82, A Noto on some Interesting Results following the Internal Adminisu Mﬁ%’;&‘,‘f o
in Canker and other isea.ses?:il the Foot in Horses, by J. I}. K. v TR
D.8c M.R.C.v.8, Price, As. 2 or 3d. . ) M.A.

No,'33. Some Aspects of the Agricultural Dovelopment of Bihar, by ALBERT HOWARD, M.a.,

No. 3 DA.R.N.. tlr.ln.s E:-iga,fsgt or 5d. s Price, As, 8 or 4

0. 34, Diseases of Rioe, . J. BUTLER, M.B., F.L.8. gl

No. 35. Report on the Flzx Experimennti, condxctesd “44 Dooriah during the year 1912.13,
by B. M. VANDERERKHOVE. Price, As. 3 or2d. - N . D. R

No. 36, Nogs on the M’Fadyean Staining Reaction for Anthrax Bacilli, by Major J. D. B
HOLMES, M.A,, 180, M.RC.V.8. Price, Asdordd. oo om om0 0 5 Prics,

No. 7. Notes on Experiments with Sugarcane at Sabour, by C.f
As, 2or 3d.
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'
No. 38. Disintegration of Rice Grains by means of Alkali, by F. J. WARTH, M.8c.
and D, B. DARABSETT, BSc. Price, As, 6 or 7d. )

No, 88, Instractions for rearing Mulberry Silk-worms, hy M. N, DE. Pride, As. 4 or 5d.

No 40 Queen-Manuring Experiment, 1912113, by €. M. HUTCHINSON, B.A,: and S.

ILLIGAN, M.A., B.8c, Price, As. 4 or 5d.

No. 41. ‘The use of Sweet Jownr (Sorghum sp.) as a source of Commercial Sugar or as Fodder

and the variation in Composition of the crop during growth, by H. K. ANNETT,
X B.8c., B.1.0. Price, As. 2 or 3d. :

No. 42 Notes on Cane Crnshing in the Unifed Provinces, by G. CLARKE, F.1.C. ; NAIEB
Huossa1n and 8, C. BANBRIEE, assisted by LAKSHMI SITANKER, Price, As. 2 or 3d,

No. 43. A Note on the Effect of Heat on the Rinddrpest Immune Bodies, by Major J. . E.
HOLMES, C.LE., M.A., D.8c., M.R.C:V.4, _ Price, As. 2 or 3d.

No. 44. How to Improvs Bilk-Reeling in Bengal, by M. N, DE. Price, As. 4 or id.

No, 45. The Acid Secretion of the Gram Plant (Gieer aristinum), by D. L. SAHASRAEUDDHE,
B.8C., L.Ag. Price, As. 2 or 3a.

No. 48, Bee-keeping, by C. C. GHOsH, B.A. Price, As. 14 or 13, 4d.

No. ¢47. Notes on Sugar Machinery and Manufacture in Northern India, 1914, by PETER ABEL.
Price, As. Sor bd.

No. 48. First Report on the Experiments carried out at Pusa to improve the Mulberry Silk -
Industry, compiled under the direction of the Imperial Entomologist, by M. N. DE.
Price, As. 6 or 7d.

No. 49. The Experimental Ervor in Field trials with Sugarcane and the effect on thsrfor of

* varions methods of Sampling, by H, E. ANNETT, 8.8c., RLC. Price, As. $ or 4d,

No. 50 The Improvement of Tobacco Cultivation in Bihar, by ALBERT HOWARD, C.LE., M.A.
and GABRIELLE L. C. HOWARD, M-A. Price, As. dor5d,

No. 51, First Report on the Improvement of Tndigo in Bihar (with'notes on Drainage and
on Green-Manuring), by ALBERT HOWARD, G.LE., M.A.; and GABRIELLE L. C.
HowaRD, M.A. Price, As, 4 or 5d.

No. 52. Soil Ventilation, by ALBERT HOWARD, C.I.E., M.A. ; and GaBRIELLE L. €. Howarp,
M., (Second Edjtion.) Price, As. 8 or 9d.

No, 53. Soil Brosion and Surface Drainage, by ALBERT HOWARD, C.LE., M.A. (Second
Edition.) Price, As, 8 or 9d.

No. 54. Second Report on the Improvement of Indigo in Bihar, by ALBERT HOWARD, C1E.,
M.A. 3 and GABRIELLE L, C. HOWARD, M.A. Price, As. 2 or 3d.

No. 55. The l\ganuhcture of Jaggery in South India, by A, CHATTERTON, C.LE. Price As. 4

or 5d.

No. 56. Green-Manuring in India, by A. C. DoBes, Price, As. 6 or 7d,

No. 57. The Detection of Added Water in Milk in India, by J. WALTER LEATHER, V.D.,
¥.I.C. Price, As. 2 or 3d.

No. 58, Calocoris angustatus, Leth., by E. BALLARD, B.A,, P.E.8, Price As. 4 or 5d.

No. 59. One hundred Notes on Indian Insects, by T. BAINBRIGGE FLETCHER, F.L.8., F.B.3,,
P.2.8. Price, As. 8 or 9d,

Na, 60. A comparison of the ** Defibrination” and * Oxalate” methods of serum proparation
as applied to Hemorrhagic Septicemia and Anthrax Sera topsther with some
analysis of Buffalo and Hilt Bull blood, by R. V. NORRIS, MSc., D.sc. ({In the
press.)

No. 61. Boil aeration in Agriculture, by ATBERT HOWARD, C.LE., M-A. Price, As. 4 or 5d.

No. 62. A preliminary Chemical study of the Rices of Bihar and Orissa, by JATINDRA NATH
SEN, M.A. (Inthe press.)

No. 63. A Modified Methed ol) Green-Manuring, by O, M. HUTCHINSON, B.A. (In the press.)

No, 64. Rinderpest—Freparation of Anti-sernm, by A. W, Shilston, M.R.C.V.8. (In the press.)

No. 65. A study io the assimilation of nutrients by the Rice Plant, by Jatindra Nath Sen,

X M. A, F.C.8,  (In the press.)
No. 66. Berseem as a new fodder crop for India, by G. 8. Henderson, N.D.A.,, N.B.D. (In the

7688, .
No, 67. Thi’:-d Rgpo'rt on the Improvement of Indigo in Bihar, by A. Howard, C.LE., M.A, ; and
Gabrielle L. C. Howard, M.A. (In the press.) .
No. 68. Saltpetre—Its orvigin and extraction in India, by C. M, Hutchinson, B.A. (In the
press.)

BOOKS

“ fndian lossct Pests,” by H. MAXWELL-LRFROY, M.A., F.E.8., F.Z.8 Prics, Rs. 1.8
{Out. of print.)

' Indian Insect Life,” by H. MAXWELL-LEFROY, M.A., F.K.8., F.Z8.; and ¥. M.
HOWLETT, B.A, T86 pp. Prica, Rs. 20 or 305, (Out of print.}

** Wheat in India,” by ALBERT HOWARD, M.A., A.R.08, B.L.8. ; and GABRIRLLE
L, C. HOWARD, M.A. 288 pp. Price, Re. 5 or Ts. 6d. : .

* A description of the Imperial Bacteriological Laboratory, Muktesar ; its work and

" products,” by Major J. D. E. HOLMES, M.A,, B.80., M.R.C.V.B, Price, As. 8 or 9d,

 Agricnlture in India,” by JAMES MACKENNA, M.a., 1.0.S. Price; As, 4 or 5d,

* Some Dia%-;t.’ses of Cattle in India, 1916." A hand-book for stock owners, Price,
As, 8 or 9d.

























