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NOTE

2 5 « .
q S!H‘)BT time aga I was engaged in working out a method for
distinguishing the starches of diffevent rices hy a process
of fractional liquefaction,
Before the method could be applied it was necessary to devise a
satisfactory means for disintegrating the grain without damaging

the starch granules, I found eventually that dilute alkali served
the purpose very well,

The action Gf. the alkali was, however, found to be so regular and
so distinet for diferent vavieties that the reaction offered a possible
meats for distinguishing ronghly the quality of rices.

As the possession of a rapid and easy method of this kind would

;;reatiy facilitate various enquiries in which I am engaged 1 thought
it desivable to further investigate the phepomenon.,

The results given in this paper show that the reaction can vield
wseful vesults if o few simple precautions are taken. )

. 'm'xe method should be particalarly useful in studying the
ripening of paddy. )

} intend to utilise it in connection with an enquiry on this
subject which is for the rice miller one of some importance. Tt
is already being utilised by me in other ways.

F.J. WARTH,

Agricultural Chemist,
Burnia.



Disintegration of Rice Grains by Means
of Alkal, |

LKALIS act as powerful solvents upon fats, proteids and
starch. It is not surprising, therefore, that a grain of rice

may be almost completely dissolved in a strong solution of alkali.
Solution by alkali is the general method employed in removing
proteid matter from cellulose. Dilute alkali is also frequently used

for disintegrating the grain and removing proteids in the manufac-
ture of starch.

Stronger solutions of alkali acting on starch lead to the formation
of a viscid liquid soluble in water and precipitable by alcohol.
The starch obtained by neutralising this compound is insoluble in
water, but behaves towards malt exactly as gelatinised starch.
Wroblewski® and others have shown that soluble starch is formed by
the further action of alkali.

Symons? has studied the swelling of starch granules caused by
the action of alkali.

He has shown that different concentrations of alkali are required
to produce similar effects on starches derived from different vege-
table products. He proposed a method for distinguishing starches
in this way.

Our results show that this should be feasible, but we required also
to know more than we do at present about those physical properties
of starch which determine its resistance towards alkali. ,

®a

) Experimental Work.

~ Preliminary experiments were made to test the action of 5 per
cent. and 10 per cent. KOH (Potassium Hydrate) on polished and
unpolished rice.

It was found that while the polished rice grains were rapidly
disintegrated and dissolved, the unpolished grains were not affected.

t Wroblewski, Ber. 1897, Z—Physiol. Chem., 1898.
 §ymons, Pharm, Journal, (3)—1?.



2 DISINTEGRATION OF RICE GRAINS BY MEANS OF ALKALL

As the objecgt of these experiments was to test the action of alkuli
upon the grain and not to determine the resistance of the tegumen,
the latter had to be removed and all the tests made with polished
rice, : .

Some polished seeds of, different rice varieties were also subjected
to the action of Na,CO, (Sodium Carbonate) solutions of different
strengths.

The carbonate was found to have no effect at all.  As a precau-
tion, therefore, in experiments to be described below, titrations were
made to ensure that correct quuntities of caustic alkali were pre-
sent.

Having noted these preliminaries we can turn to the following
series of experiments.

Series [.—Action of alkali on three bazaar rices.

These samples were, as might be expected, by no means pure
strains. They were purified as far as possible by picking out the
All broken grains were also removed. A few

obvious rogues. :
aced in several small glass dishes and

grains of each type were pl 1 |
exposed to alkali of various strengths for 24 hours. A summary of

the vesults is given here.

Table 1.—Action of alkali on three samples of bazaar rice.

! 1.00 per cent. | 1-25 per cent. | 1:50 per cent. ‘ 1-75 per cent. | 2:00 per cent.
! 'peH. ‘ J{IOH. KOH. | KOH. . KOH.

strength of alkali.

i I " ! .
' No change . No change . | Slight disinte- . Some disinte- | Entircly  dis-

- =

Sample A ‘ . ‘ i gration. i gration. ! intograted.
| " . |
1 No change . | Nochange . Some disinte- | Entirely  dis-
Sample 13 . 1 No change 0 chang aration. tegtated.
] . . Disintegratinj " Disintegration | Entircly dis- Golatinising . | Comple t Ay
Samiple ¢ | * e gJ .advanced. integrated. gelatinised.

i | N

On repeating the experiment identical results were obtained.
Plate I shows a photograph of this series. < :
In looking at this and the subsequent plates it should be noted
that the gelatinised starch is quite invisible. C
- The extent of gelatinisation must in every case be inferred from
the absence of diffused white which is seen on the immediately
preceding ungelatinised spucimen.
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There is no doubt that the specimens behave in a very regular
manner towards alkali and that sample C can with certainty be dis-
tinguished from samples A and B by this means.

The possibility, however, remains that the difterences may be due
{u the extent of pohshing and not to the character of the grain.

"m . . . 3 . :
To test this point a second series of experiments was carried out.

Series 11 —1T'o deteruine the effect of alkali upon rice polished to
different eztents. '
For this purpose two pure strains of paddy (obtained from single

ear cultures) were employed. °

~The seed was husked by hand and various polishing methods
tried. It was fouud,eventuully that the best plan was to polish
each seed separately by hand on emery paper. To determine the
extent of polishing the seeds were weighed before and after the
polishing process.  One lot of each variety was prepared in this
way.
| .\. second lo't of eau-ll,‘ufter undergoing the above process, was
submitted 1o a further polishing and weighed again. The difference
ln“twoen the weights of polished and unpolishgd seed is a measull‘t;
of the extent of polishing received by each sample. ‘

Cable 11 -——Weighments of polished and

unpolished seed of two
varieties. : '

WEIGHT OF 25 SEEDS,

(
Rico uscl | . Weight lost
i Unpolished. | Onee polished, 1\ Twice polished, bY polishing
. f T R
¢ . j Grm. Grm. Grm. Gx"m.
Variety T . f 6640 -5835 0805
Va’riety] r . . ; -6440 *5630 4970 © 1470
Varioty IL . .| 6250 5580 , 0870
Cariety IT . . . 6200 -5450 *4950 *1250

|

The samples thus prepared were treated with alkalj iffer,
strengths in petri dishes. e e Tl et (.l'lﬂel‘e‘n '



4 DISINTEGRATION OF RICE GRAINS BY MEANS OF ALKALL

The results obtained are summarised in the accompanying
table.

T'able 111.—Action of alkali on rice samples polished to different

DISINTEGRATION OF RICE GRAINS BY MEANS OF ALKAﬁI )

from the seed with some force. The diffused substance is seen on
the photos as a white cloud extending to a considerable distance
from the seed. It will be seen from this and other photos that the
starches of different rices may be distinguished by the differential
effect of alkalis upon them.

While some specimens become gelatinised with 150 per cent.
alkali, others are not affected to any considerable extent until the
concentration of alkali is increased to over 2:00 per cent,

Series 11I.—The action of alkali on eight paddy varieties.

extents.
I
1-00 per cent.  1:25 per cent.  1:50 per cente | 1-75 per cent. | 2:00 per ¢
Strongth of alkali. KOH. : KOH. ‘ KON, KOH. KDO}{L.OM.
‘ ‘ o e
Variety I, once pol- | Commenced Diffusing Diffused. Gela- | Gelatinisation | Gelatinised,
ished. disintegrat- tinisation progressed.
Ing. commenced.
Variety I, twice pol- | Commenced Diffusing Diffused. Gela-| Golatinisation | Gelatinised.
ished. disintegrat. tinisation progrossed.
ing. ‘ commenced.
Variety I, once pol- | Disintegrating . Much diffused | Gelatinised . | Gelatinised . Gelatinised.
ished. and diffusing.
f
Variety I1, twice pol- | Disintegrating Much diffused | Golatinised . | Gelatinised . | Gelatinised.
ished. and diffusing. !
i

Photos illustrating this series are shown in Plate IL.

The difference between the two varieties is very obvious with
every concentration of alkali, but there is evidently little or no
difference to be found between the once polished and twice polished
samples. The results of this series of experiments show that within
the above limits of polishing (Table II) the effect of the alkali
is practically independent of the extent of polishing and must there-
fore be governed by the quality of the grain and the nature of the
starch it contains. '

It remains still to be shown how much the necessary minimum
polish is and the definite layers to which it must extend in order
to obtain results similar to the above. Beyond this minimum point
it appears that further polishing has little or no effect. For the
present this question is left open as it does not affect the results
contained in this communication. ‘

When the seed is not properly polished small patches of the
surface layers remain unabraded. These are at orice made evident
by becoming strongly coloured when the seed is placed in alkali.

Plate 1T also shows the various phases of disintegration.

There is at first a general softening of the seed. It looks
crumbly and when pressed with a glass rod it falls to pieces.

Then diffusion commences (it may also commence with the dis-
integration) and the mat.rial of the grain is apparently extruded

The object of this experiment was to test, as fully as possible,
the regularity of action already remarked upon.

The specimens examined were all pure cultures grown from

single ears.?

The varieties were first roughly classified into two groups by ex-
posing once polished samples to 1, 2, 3, 4 per cent. alkali.

The results obtained are tabulated here.

Table IV.—Rough classtfication of eight varieties by action of

alkali.

Paddy variety. 1:00 por cent. KOH, [\ 2-00 per cent. KOH. 30&?5::3 1;1.{43)&'4'00
No.1 . Slight disintegration | Gelatinised . .
No 2 . Vory slight effect . | Disintegrated . | Gelatinised.
No 3, . Disintegration ad. | Gelatinised . . .

e ° vanced. |
No. 4 °. Very ilight vflect . - Disintegrated . | Gelatinised.
No. !; Lo No effect . . l Disintegrated Gelatinised.
No 6* Slight effect . i Gelatinised .
No. 7 Slight effect . Gelatinised ..
No. 8 . Disintegration eom- Gelatinised

menced. :

* Samples kindly supplied by Mr. Thom

ture, Northern Circle, Burma,

N

pstone, Deputy Director of Agricul-



6 DISINTEGRATION OF RICE GRAINS BY MEANS OF ALKALL

The experiment is illustrated in Plate IIT. From these f“%gu.res
the samples may be grouped into (a) o 1es§ resistant v‘a)nle'ues(i
namely, 1, 3, 6, 7, 8, and (b) 8 resistant varieties, namely, 2, 4 anc

5. Having thus roughly divided the specimens into two groups,
each group was examined in detail,
he seeds for this and the succeeding ex-

lishing given to {
The polishing g companying table.

perimeut is shown in the ac

ven to eight rice varighes.

Table V.—Polishing gi
i -
" ! \

‘\ Weight of 50 seods Weight lost in

Weight of 50 sceds fter polishing. polishing.
lished. | after polis
Variety unpolishe ‘ |
1-2550 11014 | 1536
NO. 1 . . 1 | ‘
| 141961 “ 10676 1285
No. 2 . . ’ : ‘
' | 287 ‘ 11393 1481
No.s . . 1-2874 ; ;
No. 4 | 11364 9 10248 1116
0. . . “
No 5 .. 11676 1-0492 1184
N6 . . 19172 10512 1660
No.7T . . 10676 9700 0976
No.8 . . 1-5405 1-3706 1692

Tt is seen that the larger seeds generally received more polishi’n'g
than the smaller and therefore the thickness of the layers removec 13
more nearly equal than the figures of the last column indicate.

. Tn any case considerjng the results of Series II, the POHSI}iI}ﬁ
here is quite uniform enough to enable us to compare these eig

DISINTEGRATION OF RICE GRAINS BY MEANS OF ALKALI 7

samples. On treating the samples thus prepared with alkali im
petri dishes the following results were obtained in 24 hours: —

Table VI.—Action of KOH (Potassium Hydrate) on eight paddy
varieties. ' '
NotE.—It was not found convenient to place all the 5 less resistant varieties.

in one dish. Onc of these (No. 6) was therefore treated together with the 3
resistant varieties.

A 10 per  cent, | 1-25 percent. | 1-50 per cent. | 175 per cent. ! 2:00 per cent.
Variety. KOH, KOH. KOH. KOH. i KOH.
% | No.1 . . | Slight effect . | Diffusing . | Seeds des- | Muck, gelatin- |
= troyed. isation, |
= . |
z No.3 . Disintegrating | Diffused . | Mucli gelatin- | Completely ’
gA ‘ isation. gelatinised. )‘ Completely
=8 1 No.7 Slight effect . | Ditfusing . | Seeds dos- | Much gelatin- | gelatinisod..
2 troyed. isation. 1
n
E No.8 ., « | Some effect . | Diffusing I Seeds des~ | Some gelatin- ’ |
| troyed. isation. \ J
o J '
£ iNez. - . . .. { Seeds  des- ! Diffused white.-
_g troyed. : ’
[ .
> No.4 . . . .. Blight effect . | Seeds des- . Diffused white.
:!5" troyed. . :
[
&% | No.5 . . . . . Seeds des- ; Diffused white.
& troyed.
- .
3 Y¥o.8 . « | Slight effect. ., | Diffused « | Seeds des- © Some gelatin- | Comuletelv
= troycd. L fsation. i gelatinised.
! |

At this stage photos were taken. The action was then permitted
to proceed for a further period of 24 hours and a second series of
photos taken.

Plate IV (a) shows tlie action of alkali for 24 hours and 48 hours.
on the 4 less resistant varieties. Plate IV () illustrates the parallel
experiment with the more resistant varieties.

The experiments show that the effect of prolonging the action of
alkali is noticeable but not considerable. It should, however; be
mentioned that the effect of prolonged exposure, as illustrated in
these plates, is probably somewhat exaggerated owing to unavoid-
able concentration of the liquids. :

siderablé influence. oo

N

A slight amount of concentration will obviously exert a con-
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J?y taking precautions to prevent concentration it has been found
possible to keep specimens for 10 days without showing appreciable
further change after 24 hours.

The action of alkali on the eight specimens was next tested under
slightly different conditions, small glass basins being used instead
-of large petri dishes.

The results are shown in Plates V (a) and (b). Here unfortuu-
ately it is not possible to obtain the characteristic diffusion effects
brought out in larger vessels, but the points of incipient disintegra-
tion and final gelatinisation are more marked. The specimens are
perhaps also better arranged for effective comparison. Allowing,
however, that the specimens are easily distinguished from one
another, it is more important to compare the results on Plate IV
with those on Plate V.

In both series of plates, No. 3 sample is distinctly the least
resistant. It is practically completely disintegrated with 1'25 per
cent. KOH and gelatinised with 1'75 per cent.

Next in order of weakness come the three specimens, 6, 7 and
1. The first two commence disintegrating perhaps somewhat sooner
than the last, but after that they are very similar.

No. 8 disintegrates quite as readily as these, but gelatinises less
readily. (Shown on photos by the larger amount of residual white
in the last dish.)

Nos. 2, 4, 5 are distinctly more resistant than the others.

In all these points the two series of plates give identical results.
The method therefore admits of a certain amount of modification
without influencing the relative results obtained.

To this extent it may certainly claim to be a reliable method
for distinguishing a quality in paddy. .

The extent of decomposition is, however, not always identical
in the two series, the action being generally somewhat less in the
smaller vessels. The reasons for this may be several—changes of
concentration due to evaporation and absorption, differences in
temperature and other factors which have not been fully allowed
for. In the small vessels it is possible that in some cases the amount
of alkali was too small to complete the reaction without being
seriously reduced in®conéentration. This would be particularly

IS
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likely to occur with the heaviest seed (No. 8), and-it is in this
specimen that differences between the two series of plates are most
marked. However, even in extent of decomposition only a few

differences occur, and all these are slight. 1f, as it seems probable,’

a correlation can be established between the action of alkali and the
quality of starch in the grain, the alkali test may f.orm a useful
method for roughly judging rices. Ordinary chemical analyses,
which show all rices to be almost identical in composition quanti-
tatively, cannot shed much light upon the differences 1n hardness,
milkiness, and milling qualities which are found in different rices.
Tt will be realised, therefore, that methods such as the present,
which aim at distinguishing the quality of starch rather than
determining its quantity, have some prospects of yielding more
useful results.

The question is being further studied.

Series IV.—Action of alkali on wheat.

For the sake of comparison two samples of wheat (one hard,
one soft) were also tested after polishing. For these samples we are
indebted to Mr. Howard, Imperial Economic Botanist.

In the case of wheat one would expect the decomposition to
commence at a somewhat lower concentration of alkali. The ex-
periment was therefore started with a concentration of "5 per cent.
KOH and here already both seeds had begun to break up.

Plate VI illustrates the results obtained.

We see that the soft wheat certainly breaks down more readily
than the hard. But although we are dealing with two extreme
types the differential action of KOH is small.?

By using still smaller concentrations and nothing other interme-
diate points some more distinetions might possibly be procured, but
evidently the action of alkali does not show in the case of wheat
the marked differences that it reveals with rices.

** Tested * by the method of fractional liquefaction I find that the starch of
sample (C), Plate I, is almost completely liquefied at 60°, whilst samples A and
B do not give as high results at 70°.

* On_fractional liquefaction the starches of these two very distinct wheats
are found to breek down at approximately the same temperature.—F. J. W.
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Plate I1.

Action of aikali on rice polished to different extents.

100 % KOH, 1'25 ¢ KOH. 1'50 ¢ KOH. 1'75 % KOH, 2:00 % KOH.

Upper Sample Variety No. 1. Once polished on right. Twice polished on left.
Lower Sample Variety No. 2. Once polished on left. Twice polished on right.

Plate I1l.

Rough classification of eight paddy varieties.

1-00 % KOH. 2:00 % KOH. 100 % KOH. 200 % KOH.

Samples, 1, 2, 3, 4. ° Samples 5, G, 7, 5.

EY . [ ]



100 % KOH.

100 3 KOH.

125 % KOH.

125 % KOH.

Plate 1V (a).
Action of alkali on 4 less resistant varieties of rice.

150 % KOH. 175 % KOH.

150 % KOH. . v 175 % KOH.

2:00 % KOH.

200 % KOH,
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100 % KOH.

100 ¥ KOH.

1-25 % KOH.

125 % KOH.

&

Plate IV (b).

Action of alkali on 4 resistant varieties of rice.
- 150 % KOH.

,,,

175 % KOH.
ST

175 % KOH.

2:00 % KOH.

2:00 KOH.
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Plate VI.
Action of alkali on 2 samples of wheat.

Wheat Sample. 50 % KOH. 1:00 % KOH.

Y-

Soft Wheat.

Hard Wheat.

150 % KOH.

Soft Wheat.

Hard Wheat?
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Green Manuring Experiment, 1912-13.

SERIES of experiments was commenced at Pusa in Tune 1912,
_A_ having for its object the determination of some of the factors
influencing the results of green manuring. _

The scheme included experimental field plots variously treated,
and laboratory experiments conducted under conditions as far as
possible similar to those in the field; in the latter periodic ‘obser-
vations were carried on to determine the kind and rate of change
in the condition of the buried green manure with special reference
to nitrogen.

It was decided to avoid complexity by utilizing only one kind
of plant (Crotalaria juncea, sann hemp) as a green manure crop.
It is proposed to extend the enquiry over at least three seasons,
although a longer period may quite well be required before results

of practical value are obtained.
Fleld. The principal points under observation are—
(1) Best stage of maturity for burying green crop.

(%) Best method of burying, with special referance to depth,
and subsequent treatment of soil.

(3) Effect of addition of artificials, especially superphos-
phate, bonemeal or other wanures, upon growth and
decomposition of green manure,

(4) Effect of distribution of rainfall.

This last factor, although an uncontrollable one, is of
prime interest and importance, as will be seen from
the following report of the first season’s experiments,
and may be taken to account to a large extent for
the very varying opinions prevailing as to the utility

of green manuring as a part of field prac-

Laboratory. tice.
(5) Rate of decomposition of green crop in soil under condi-
tions varied in accordance with the field experiments.

(6) Effect of varying moisture-content of soil correlated
with (4).
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2 GREEEN MANURING EXPERIMENT, 1912-13

(7) Fate of nitrogen content of green crop as determined by
varying conditions; maturity, depth of burial, aera-
tion, water content.

(8) Rate of formation of humus under varying conditions.
(9) Effect of artificials, etc., as in (3).

(10) Soil organisms concerned in various stages of decom-
position of green crop; this branch of enquiry will of
necessity involve a long period of observation and
may not be sufficiently complete to allow of publica-
tion of results together with those which will be
obtained from the field and other laboratory experi-
ments. During the season 1912-13 indications were
obtained of the fact that the first stages of decay of
the green crop are brought about mainly by fungi,
bacteria not appearing to take any prominent part
until somewhat later; this relation, however, will no
doubt depend upon local soil conditions, and the
elucidation of the point will require the co-operation
of the Imperial Mycologist, which I hope to obtain.
The variations observed in this laboratory in the
relative power of different soils to deal with and de-
compose organic matter make it probable that it
would be wrong to assume that all soils contain the
necessary organisms for successfully decomposing a
green manure, just as it is wrong to assume that all
soils contain the necessary organisms for producing
root nodules on leguminous plants. It is probable
that such decomposing organisms are present in most
arable soils, but it is also probable that it would be
possible to discover methods of treatment of such
soils which would insure the development of the
optimum number of these organisms, and even to
introduce mnew and more physiologically active

species.

It may not be out of place here to point out that the decom-
position of plant tissue in soil is carried out by a number of dif.
ferent organisms, no one of which, probably, is able alone to effect
the complete disintegration of the various tissues involved in the
stages of decay leading up to ammonification and final nitrifica-
tion. In fact, by controlling the supplies of water and air, it is
possible to limit the action of the organisms of decay selectively
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Prate 1.

Transverse Section of stem of Crotalarie
juncea after rotting in soil.
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so as to preserve certain tissues whilst destroying others. The
photograph (Plate 1) of sections of the stem of Crotalaria juncea
shows how by I‘miting the water supply and allowing free
access of - air, decay has been restricted to the tkin walled
parenchyma of the pith, leaving more or less intact the vascular
ring and the lignified portions of the cortex. For a similar reason
the rapidity of decay will depend on the stage of maturity reached
at the time of burying. There is good reason for supposing that
complete decomposition resulting in ammonification and nitrifi-
cation depends upon varying moisture and air conditions in the
soil ‘and not upon the persistence of any one percertage of water.
The ideal sequence would seem to be high moisture content during
the initial stages, promoting semi-anerobic fermentation of cellu-
lose and the breaking down of the more resistant cell walls and
lignified tissues, followed by a lessening of the soil moisture and
the introduction of erobic conditions, under which ammonifica-
tion and nitrification of the nitrogenous tissues would take place.
If this sequence is indeed the optimum the failure of rainfall dur-
ing the early stages of decay would largely account for any loss of
manurial effect upon the succeeding crop, just as unduly late or
heavy rain will tend to destroy, by reduction and leaching, the
favourable action of any nitrate which had been formed.

The reactions resulting in ammonification and nitrification and
the supply of nitrogen to the succeeding crop in the form of nitrate
are by no means the only ones which it is necessary to take into
account in dealing with the decomposition of nitrogenous plant
tissue in soil. The work of Miller and Hutchinson, Schreiner and
Shorey and others, has demonstrated that certain more complex
nitrogen compounds, some of which may be produced in the early
stages of the breaking down of nitrogenous plant tissue, can be
utilised as sources of nitrogen by growing plants. No direct evi-
dence has been obtained to determine whether these more complex
compounds, such as ereatin, arginin, hystidine and leucine,
are actually absorbed as such by the roots or whether a prelimin-
ary reaction takes place at the root surface resulting in ammonia
formation, but it appears that so far as the nitrogenous consti-
tuents of decomposing green manure are concerned this availabie
condition may be attained at a comparatively early stage of the
actual decomposition, so as to eliminate partially the necessity for
complete nitrification of the buried tissues before the latter .can
serve as food for the following crop. In actual practice this early
availability will probably not come into play in the case of :1
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green manure grown and buried in the rains, followed by a rabi
orop, but there is a strong probability that it does so in connection
with green manuring of rice.

In the pot experiments of 1912-13, the various moisture con-
tents were kept constant throughout the twelve weeks’ period dur-
ing which observations were carried on. In those of the present
season 1913-14, variations will be introduced to test the above
theory; in the field experiments, arrangements have been made to
test the effect of water saturation and fermentation after cutting.

The conditions under which indigo seet is produced favour the
assumption that its great value as a manure is largely due to the
particular class of fermentation incidental to manufacture, the
latter involving steeping in water as the first stage of the process,
after which the refuse material is allowed to ferment in heaps under
conditions which are partially anserobic and lead to much more com-
plete disintegration of the plant tissues than would occur in the same
length of time, if the latter were merely buried in moist soil. The
partly rotted material thus produced is known as seet and is carted
back on to the land, where it is principally used as a manure for
tobaceo; its value for this purpose is so high and so well known by
the Indian cultivator that the rent paid by the latter for tobacco land
in Bihar depends almost entirely upon the condition that seet is avail-
able as a manure, and in the present condition of the indigo indus-
try it is not too much to say that in many districts the demand for
this by-product determines the area under indigo. The fertility of
the soil in indigo districts has no doubt been maintained at its pre-
sent level for years by the annual addition of nitrogen due to the
growth of this and other leguminous crops, and it seems very prob-
able that this level has been high, in proportion to the condition of
availability consequent upon the manufacturing method above men-
tioned. If this theory is correct we have in the indigo districts a
method of intensive farming depending for its success upon the
fixation of atmospheric nitrogen by symbiosis and its subsequent
use as food for another crop, the economic value of the operation
depending partly upon the percentage of the fixed nitrogen which
becomes available for the succeeding crop, but also no doubt upon
the effect upon tilth produced by the introduction of such a
material as seet into the soil. It is certain that such a form of
organic matter must exercise a considerable influence upon the
moisture content of the soil, hut in any ‘case such influence is no
doubt favourably affected by the state of decomposition arrivefl at.
Green manures such as Crotalaria juncea or striata, Sesbanig av
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Phaseolus will remain only partly decomposed in soil containing
insufficient moisture, for several months. A single plant of Crota-
laria juncea when six weeks old weighed 6856 grams, made up
roughly as follows:—Leaves 24 grms., growing point 3 grms.,
stem upper two-thirds 11'5 grms., stem lower one-third 185
grms., roots and collar 11'5 grms. Kept in soil containing 5
per cent. moisture, only the leaves and soft parts of stem decom-
‘posed, so that after nine months more than half the dry matter ori-
ginally buried still remained apparently unchanged, only. the soft
parenchymatous tissues having been attacked and broken down.
Such material would thus have but little value either as plant food
or for improving the texture of the soil and its water-holding
capacity. The great importance of a sufficiency of soil moisture
so far as the success of a green manure is concerned is therefore
obvious, and the failure of the rabi crop of 1912-13 to show any
response to the previous growth of green manure is largely
accounted for by the failure of the annually expected rainfall in
the end of September and beginning of October (locally known as
the Hathia) as shown in the accompanying rainfall chart* kindly
provided by Dr. Leather. This negative result from green manur-
ing at Pusa in 1912-13 was not confined to the experimental urea,
but was generally noticed over the whole estate where sann hemp
had been used as a green manure.

In considering water supply as a limiting factor in the success-
ful use of green manures, the point of view of the decomposition
of the buried plant tissue in the soil is not the only, or even pos-
sibly the most important one to be kept in mind. The loss of soil
moisture by transpiration is very considerable and has been shown
at Woburn by Voelcker to be the determining factor in causing the
failure of vetches as a green manure as compared with mustard,
the greater loss of water from the soil during the growth of the
former more than counterbalancing the addition of nitrogen by
the leguminous crop. Thus any shortness of rainfall after bury-
ing a green manure such as Crotalaria juncea would not only pre-
judice the growth of the succeeding rabi crop by preventing proper
decomposition of the buried plants, but would do so as well by
failing to make up for the soil moisture removed by the green
crop by transpiration. The actual amount of water taken from
the soil in this manner by a crop of sann has been measured by
Dr. Leather. ’

* At page 14.
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It is interesting to note that a very markedly beneficial result
on the wheft crop was obtained with Dhaincha (Sesbania
aculeata) at Motipur, some 40 miles west and north from Pusa,
during the same season, although the Hathia rain failed there also;
1t is possible that this result was due to the fact observed by Dr.
Leather that the loss of water from the soil by transpiration is less
with Dhaincha than with sann hemp, thus affording a parallel
case to that recorded by Voelcker with vetches and mustard at
Woburn.

Apart from the provision of an adequate water supply the com-
plete breaking down and subsequent nitrification of the green
manure will depend upon proper aeration of the soil during this pro-
cess; thus sann hemp buried in soil in which the water content was
kept up to 20 per cent., but without stirring of the soil, failed to
decompose after 12 weeks, whereas 16 per cent. of water was suffi-
cient to produce complete disintegration when the soil was stirred
up once a week. Thus it is evident that an optimum depth for
burial must be ascertained for individual soils in order to secure
the proper provision of air and water for decomposition of the
green manure, this depth depending upon whether the soil is open
in texture or the reverse.

Sufficient evidence appears to exist to warrant the assumption
that the successful use of green manure depends more upon the
presence of the proper quantity of soil moisture to effect its decom-
position than upon any other factor. It is worth while therefore
to consider the possibility of diminishing the degree of uncertainty
necessarily resulting from dependence upon favourable weather
conditions, and with this end in view we should wish to suggest the
preliminary treatment of the green crop before burying in order to
bring it into a condition in which some of the plant food it con-
tains may exist in an available form, whilst the remainder, and
probably the major portion, will have gone through the prelimin-
ary stages of decomposition and will be readily attacked by ammoni-
fying and nitrifying organisms. Here we should have a close
analogy with the rotting of farmyard manure and probably un
imitation of the method of making seet, but in view of the fact
that the latter is produced merely incidentally as a by-product, it
is probable that modifications of the method may be found result-
ing in a better manurial material. v -

Assuming the feasibility of such a method a further advantage
beyond that of proper decomposition would lie in the cqntrol of the
rate of such change and the application of the resulting manure
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to the land at the proper moment for its use by the succeeding rabi
crop, thus avoiding the disadvantageously lengthy interval between
the burying of the green manure and the commencement of assimi-
lation by the following crop. That such an interval, if unduly
leng, may be disadvantageous, is indicated by the pot experiments
hereinafter described, in every one of which it will be seen that a
diminution in the amount of nitrate present commences after the
eighth week from burial.

The disadvantageous effect of too long an interval between bury-
ing a green manure and sowing the succeeding rabi erop has been
observed by Howard at Pusa and noted on in his paper ‘‘ Green
Manuring with Sann’’ in the Agricultural Journal of India, Vol.
VII, Part 1, January 1912. The author finds that an interval or
“ time limit >’ of eight weeks is the optimum in this respect, thus
agreeing with the observed period of maximum nitrate occurrence
in the laboratory experiments.

A further advantage of the suggested method would be the fact
that the green manure crop could be grown in many cases on areas
unsuitable for the crop intended to benefit by its use, and that by
this method depletion of the soil moisture by transpiration from
the green manure crop would not affect the rabi crop to which the
green manure was applied.

One of the most important points in connection with the use cf
manures, and especially nitrogenous ones, is the necessity for ascer-
taining the optimum rate per acre at which they may be applied.
In the case of nitrogen it seems clear that until a certain concen-
tration of this element in the available condition is reached in the
soil, no beneficial manurial effect will be attained. In the case of
green manures failure to produce positive results may in many
cases be attributed to this cause, as the actual amount of nitrogen
becpming available as plant food through decomposition of the
buried crop may be so low on account of the small amount of it
actually contained in the crop and coming slowly into operation,
that the necessary concentration is not attained. It is further sug-
gested therefore that the rotted material obtained in the manner
above described should be applied not to the whole area upon which
it was grown, but upon such a fraction of it as experiment may
show to give the best return. This point will form a subject for
experiment in the current and following seasons.

The general method suggested, therefore, is that the green
manure crop should be cut, steeped in water and allowed to fer-
ment in heaps, after which it showld be put upon the land. The
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best method of doing this and the relative cost and value as com.
pared with "the ordinary practice will form a subject of enquiry
during the present and following seasons.

Experiments have also been arranged to test the increased value
of phosphatic manures in conjunction with green manuring, bone-
meal and superphosphate being used for this purpose.

In the ansrobic decomposition of vegetable matter toxic sub-
stances are necessarily produced in the early stages; these would
include many of the compounds found to be toxic to plants by
Schreiner and Skinner* and probably nitritest also. The effect of
drainage in neutralizing such toxins has been shown by experi-
ment (Agricultural Journal of India, Vol. VIII, January 1913)
in rice cultivation, and in fermenting green manure for subsequent
application to the land account would have to be taken of the neces-
sity for destroying such toxic bodies. One of us has seen several
cases in tea cultivation where serious injury to the tea bushes result-
ing in a large percentage of deaths was effected by burying swamp
soil, locally known as bheel soil, in pits between the bushes. Such
material before burial should be exposed to aeration to insure oxida-
tion of toxins and of ferrous salts generally present, and similar
precautions would be necessary when using incompletely fermented
green manure.

Where heavy rainfall or flooding has produced waterlogging of
a soil containing buried green manure, and drainage conditions are
insufficient either to prevent such waterlogging or to remove its
effects with sufficient rapidity, an accumulation of toxins may take
place sufficient to produce serious depreciation in the following
crop. Harrison} in a recent paper on soil conditions in rice cultiva-
tion suggests that the comparatively large supply of oxygen pro-
vided by the ‘“surface film *’ is mecessary for the healthy growth
of the rice plant and it seems highly probable that one of its prin-
cipal functions is to neutralize the toxins produced by the decom-
position of the green manure buried in the saturated soil in which
the rice is growing. That such toxins are produced, and that they
are removed in solution by water passing through' the soil, was
shown in the experiment carried out at Pusa on drainage of rice
soil above cited, not only by their effect on the grow‘th of the whole
plant and on that of the roots especially, but their presence was

* Schreiner and Skinner, U. 3. Dept. of Agric. Bureaw of Soils Bulletin, No. 87,

1012, A Expt. Statson Bulletin, No. 24
. s0. Expt. , No. 24. .
. Bl Monas dorie Eog, Stin BRI 0 8 s o h

Dept. of Agric. in India, Chemical Series, Volume 111, No. 8.
¢
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demonstrated by the toxic action of a water extract of the soil upon
bacterial cultures. That such toxins are formed during the initial
stages of decomposition of organic matter has been shown by un
experiment carried out at Pusa this year (1918) in which green
manure buried in wet rice soil produced decided toxic effects on
rice seedlings when the latter were transplanted whilst the decom-
position of the green matter had only been going on for 24 hours;
after 14 days from burial of the green manure, seedlings trans-
planted into the green manured soil showed within 48 hours decided
improvement in growth over controls in unmanured soil and still
more so as compared with those exposed to the toxic action of the
green manure during the earlier stages of decomposition.
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Scheme of Experiments in Green Manuring,

1912-13.

Field Experiments,

As stated above, in order to avoid complexity only one kind of
plant (Crotalaria juncea or sann hemp, locally known in Bihar as
Sannai) was utilized. To make a complete experiment a large
number of different plants should be tested with a view to deter-
mining their suitability for individual soils and climates, as there
is no certainty that the particular one generally used in any dis-
trict is the best for that district. I do not propose to point out the
possible factors involved in the comparative values of various
plants, as reliable information on this subject is limited, but it will
be apparent that in many cases the selection of a particular plant
for use as a green manure crop may have been made on anything
but scientific principles. At Pusa, sann hemp makes a luxuriant
growth without the stimulus of manures, and although the loss
of soil moisture by transpiration during its growth is great, mno
sufficient experience of comparison in this respect with alternative
crops has been obtained to make it advisable to displace it on these
grounds. Variations in the field were made use of to test the effect
of differing conditions due to—

(1) age of plant at time of burial,

(2) depth and mode of burial,

(3) subsequent treatment of soil.
The arrangement of the experiments is shown in the following
scheme : —
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Green Manuring Experiments, 1912-13.

N. Cuuronia FieLp.

North.
All sown on 10th June 1912 at 35 seers per acre.
18 A. Blank. 18 B. Blank.
A o 17B. )
Cut fine and buried 6” on 4th August 1912.
16 A. 16 B.
Cut into 6 lengths ond buried 6” on 4th August 1912.
15 A. Blank. 15 B. Blank,
14 A. 14 B. .
Cut into 3 lengths and buried 6” on 4th August 1912,
13 A, 13 B. -
Buried 6” on 4th August 1912,
) 12 A. Blank. 12 B. Blank.
11 A. 11 B.
Buried 6” on 20th August 1912.
10 A. 10 B.
Buried 6” on 20th July 1912,
T 9 A.kBlank‘.rm—AA T 9 B. Blank. o
8 A. 8 B.
Baried 6” and loosened with disc, 4th August 1912.
B 7 A. 7.B. '
Buried 6” and compacted with roller, 4th August 1912.
6 A. Blank. .6 B. Blenk.
5 A. 5 B.
Buried 67, 4th August 1912.
e 4 A _ 4 B.
Buried 37, 4th August 1912.
773 A Blank. i 3 B. Blank.
2 A. 2 B.
Buried 9%, 4th August 1912,
1A - - 1 B.
Buried 97, 4th August 1912,
South.

The plots in series B intended as further duplicates of those in
series A were found unsuitable for experimental purposes owing to
various reasons and were consequently discarded.
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Wheat was sown on all the plots on the 13th October 1912 and
harvested’ during the Jast week of March 1913. The returns are

given in tke following table:—

Wheat crop, N. Chlionia plots, 1912-13.

Produce Produce
Arcain | of grain of straw
I_;}gfs Tregtment. acres. [ in lbs, per | in 1bs. per
acre. acre,
1 A | Sann hemp ploughed in 97 deep with T. W, 12 1,868 5,267
4th August 1912, 8 weeks.
2 A | Sann hemp cut by reaper and ploughed in 9 12 1,673 4,415
deep with T. W., 4th August 1912, 8 weeks.
3 A | No green manure . . . . . 112 1,630 5,779
4 A | Sann hemp cut by reaper and ploughed in 3” 12 1,260 3,788
\ deep, 4th August 1912, 8 weeks.
5 A | Sann hemp cut by reaper and ploughed in 6” 12 1,440 4,327
) deep, 4th August 1912, 8 wecks.
£
6 A | No green manure . . . . . 12 1,687 . 5,498
.7 A | Sann hemp buried 6” deep and compacted ‘12 1,399 4,333
} with roller, 4th August 1912, 8 weeks.
8 A | Sann hemp buried 6” decp and looscned with 12 1,516 3,788
disc, 4th August 1912, 8 weeks.
9 A | No green manure . . . . . ‘12 1,701 5,732
10 A | Sann hemp buried 6” deep, 6 weeks, 20th July 12 1,909 5,620
1912,
11 A | Sann hemp buried 6” decp, 10 weeks, 20th 112 1,626 4,035
August 1912,
12 A | No green manure . . . . . 12 1,684 5,074
13 A |Sann hemp ploughed in 6” deep, 4th August 12 1,671 4,195
1912, 8 weeks.
14 A | Sann hemp cut into 3 lengths and ploughed in 12 1,574 4,585
6” deep, 4th August 1912, 8 wecks.
15 A | No green manure . 12 1,916 5,920
16 A | Sann hemp cut into 6 lengths and ploughed in 12 1,660 6,485
6” deep, 4th August 1912, 8 weeks,
17 A | Sann hemp cut fine and ploughed in 6” decp, *12 1,637 5,720
4th August 1912, 8 weoks.
18 A | No green manure . . . . . 12 1,771 6,870
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The following note by the Imperial Agriculturist records the
field conditions observed and practical conclusions to be drawn
from the results: —

The season was against the successful outcome of green manur-
ing. The rainfall was normal and only slightly in defect till
August, but was scanty thereafter. Hathia rains which are sup-
posed to be the basis of the rab: crop failed altogether. Late rain-
fall in November saved the crop from drought, but was too late for
the timely decay of green manures. The effect was to increase the
straw abnormally. Rain after the new year produced lodging
which still further reduced outturns.

The general experience of the general farm area showed no
advantage from green manuring on the succeeding wheat crop.

Plot Notes.

(a) The crop of sann hemp appeared to be a good one at the
time of pleughing in. The average weight of green stuff per acre
would be about 200 maunds.

(b) Decomposition was slow and defective in all plots, but the
green manure in the deep ploughed and the early buried plots was
best in this respect.

(¢) Moisture at time of sowing.—The fallow, deeply-ploughed
and early-buried plots were best in the above order.

(d) The appearance of crop when young.—The fallow, deeply-
ploughed and early-buried plots were all along better than the rest
and there would have been a marked difference between them and
the others, had the cold weather rains not been above normal.

(¢) The late and shallow buried plots were, up to the time of
the winter rains, distinctly inferior.

(f) All plots lodged badly. It is difficult to estimate the effects
of this on the outturns and especially on the relative outturns of
the experimental plots. The better plots would, I suppose, suffer
comparatively more.

On the whole the season was abnormal, but the following results
would have been evident had there been the average winter rain-

fall : —
(1) In dry years green manuring would decrease the outturn
of the succeeding rabs crop on land which is in fairly
good heart,
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(2) The bad effects of drought on green manuring can be
mitigated by deep-ploughing and early burying.

Appended is a chart kindly supplied by the Imperial Agricul-
tural Chemist showing the incidence of the rainfall during the
season, from which clear indications are obtained of the soil mois-
ture conditions subsequent to burial of the green manure.

CHART SHOWING PUSA RAINFALL.
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Laboratory Experiments

These were designed to determine the effect of the variations
introduced in the field experiments upon the decomposition of the
green manures, with special reference to the formation of ammonia
and nitrate. In some cases the progress of decomposition was mea-
sured by the rate of evolution of carbon dioxide.

Parallel experiments were carried out with typical tea garden
soils obtained from Doom Dooma and Koleopani in Assam, and
from Chalouni in the Dooars the results of which will be published
separately ; we should like to have this opportunity of expressing ouv
indebtedness to the managers of these tea estates for kindly for-
warding samples of these soils.

The general method of treatment was as follows:—

" The green manure crop was cut in the field and plants from the
plots were transferred to the laboratory for treatment on the same
day. Soil was taken from the same field and after air drying and
sifting was mixed with the appropriate amounts of water and of
green plant; the sann plants were cut into pieces about 3 inches
long, mixed with some of the soil and filled into the pots, the rest
of the soil, to make a total amount of 4 kilos, being added as a
layer 3 inches deep at the top of the pot, the whole depth of soil in
the pots being about 9 inches. This procedure was varied where
different depths of burial were under trial.

‘Samples were taken by turning out the whole contents of the
pot, as it was considered that only by dealing with the whole
amount could a representative sample be obtained. This method
had the disadvantage of introducing extra aeration, and for this
reason in the experiment dealing with different depths of burial no
sajnples were taken until after the fourth week; inspection of the
table giving the results of this experiment shows the rapid levelling
up of the initial difference owing to the aeration consequent on samp-
ling. A more complete experiment would have involved the use of a
separate pot for each determination, the alternatives heing one
final determination for each variation in treatment or the drawing
of a sample without disturbing the rest of the soil. It was thought
that more useful information would be got by repeated periodic
observations and that the analytical results would be more reliable
if truly representative samples wore taken from the whole mass of
soil. The use of separate pots for each period of each variation
would only have been feasible if small pots and consequently small
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portions of soil had been used; it was thought that such compara-
tively large quantities as were actually used would not only mini-
mise errors in sampling and analysis, but would make it easier to
maintain constant quantities of water and air so as to approximate
more closely to the conditions under which biological changes go
on in field soils. The soil turned out of the pots for sampling was
thoroughly mixed and samples of 400 grams taken. Nitrate was
determined by the phenol disulphonic acid method in the extract
made by shaking 400 grms. soil with 1,200 c.c. water for 30
minutes; ammonia was determined by acidification with hydro-
chloric acid and distillation with magnesia.

Samples were taken every seven days up to the end of the fourth
week, after which they were taken after six weeks, eight weeks
and twelve weeks from commencement of experiment. The loss
of water, found by weighing, was made up at the time of drawing
samples. Measurement of rate of formation of CO, was carried
out with 400-gram lots of soil in Woulff’s bottles in the manner
described in the Memoir* on ‘‘ Studies in Bacteriological Analysis of
Indian Soils’’. The weight of plant to be added to the soil in
the pots was calculated from observation in the field of the average
number of plants per unit area; this was found to average 100
plants to the square yard at the seed rate (35 seers per acre)
adopted. The superficial area of the soil in the pots was found
to be nearly ,t- of a square yard and the weight of 10 average
plants having been found, two plants together approximating to }
of this weight were chosen, the exact amount being arrived at
either by removing or adding a small portion of stem. Varying
quantities were used to correspond with the weights of the crop at
the three different stages of maturity under investigation; thus the
weights of green plant added were : —

Age of plant. Weight added to 4,000 grma. scils.
4 weeks, 130 grms,
6 201 ,
10 ., 212,

The relative weights of root, stem, and leaves and fhe
amounts of nitrogen they contained, are given in the following

adia, Bact, Ser., Vol. L,

#C. M. Hutchinson. Memoirs of the Dept. of Agric. il
No, 1, Nov. 1912.
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table from which it will be seen that the nitrogen added to the soil
in the pots in the form of green manure was as follows:

Organic nitrogen added as green manure per 100 grms. of soil,

Ibs, N. per 9-inch acre,

4 weeks . . . . 128 mgrms. =320 N.

6 ., . . . S A . =433 N.

10 ,, . . . . 222, =560 N.
TABLE 1.

Showing weights of roots, stems and leaves, and nitrogen
content of plants per 4,000 grms. soil,

o Greenwt. in | Dry wt. in Wt, of N, in
grams. grams. grams.
gutoots . 13-0 25 0285
ems . 56-0 - .
4 weeks Leaves . 50-0 1!1)8 ;igé
Tops . 8-0 05 0156
TortaL . 1270 230 5115
=039 per cent.
of green wt. of
sann hemp
) Roots . . 17-0 4-8
. . g 0417
Stems . . . 1105 29-3 -2402
6 weeks } Leaves . . . . 565 10-2 *3876
Tops . . . . 13-0 086 | - 0268
- : ToraL . 197-0 45-16 6963
=034 per cent.
of green wt. of
sann hemp.
Roots . . . . 20-0 56 0834
Stems . . . . 1350 40-6 3451
10 weeks ) Leaves . . . . 470 108 4104
Tops . . . . 6-5 1-6 0499
ToraL . 2085 58-6 -8888
=041 per cent.
of green wt. of
swnn hemyg.
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It may be of interest to note here the very large error :hr}:};
may occur in estimating the weight of a green manure'cropd );rea.
method of cutting and weighing a portion fl:on} a 1}1e.1ts;]11re | uren
This does not arise so much from local v'urmtum m] e ¢ nledi-
from the extremely rapid loss of water which t(lk(‘.fl place fl(ﬁnd o
ately after cutting. In the case of sann hemp' tlfls Wash oo
amount to a third of the weight of tll(:) cut crop w1tlnp ;ntle fotlhe -
cutting, so that serious errors in estimating th-e weig 11{) he crop
as a whole would result from such delay as .lmgl.nt readily o to o
cutting any fairly large portion and lmndhng.lt previous

during weighment. For the same reason errors in chemical analysis
so far as water content is concerned might arise. o

It might be suggested that this loss of water .would be a f;\(;l ,:)d
in determining the ultimate rotting of the .plnnt in the gro‘un(lt e
that a serious difference in this respect might arise as u result 1
leaving the cut crop too long on the ground b(','f()re.ploug]ull{.’;. n‘;
Tt will be seen in an experiment dealing with this point that this 18
actually the case. . . N

The nitrogen originally present in the various soils utilised for
experiment was as follows:—

TABLE II.
Nitrogen in mgrms, per 100 grms. sotl.
By NH Nog | NOg
- Kjeldahl. 3
- 1:09
'PI;S& soil . 80 20 | 005
Doom Dooma . . . . . 90 Nil Nil 1-80
‘ .
Chalouni 210 2:5 0003 550
&10 .
Koleopani 110 1.5 | Nil 091
ole ‘

» . to
The total organic nitrogen in the Pusa sm! is tfh::s ri(i‘:la::rop
about 2,000 lbs. per 9-inch acre, so that the burymgtlt:is u?n oo
such as sann hemp may add about 2'6 per c'ent. to e hat
. Examination of the following tables W111,f11t(])we;§:;ogen  ded
this ratio by no means represents 'the value o 21800 et mitro-
as green manure. In the same soil contaimng <,
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gen per 9-inch acre to which no green manure was added but which
was kept under identical conditions of moisture and aeration, after
eight weeks only 2:2 milligrams of nitrate nitrogen per 100 grms.
of soil were found, representing, after subtracting the nitrate ori-
ginally present, only 1'4 per cent. of the total nitrogen content,
whereas of the nitrogen added as green manure as much as 60—60
per cent. appears to have been nitrified. We may fairly assume
that the organic nitrogen originally present in the soil represents
that portion which, by reason of forming part of certain compounds
not readily attacked by soil organisms, has survived decomposition
and accumulated in a condition which prevents rapid nitrification,
so that the amount of nitrate found at the end of eight weeks in
the soil to which green manure was added actually indicated the
more rapid rate of decomposition of the freshly added organic
matter and consequently its value as providing available nitrogen-
ous food. It 1s of course quite possible that the introduction of the
green manure into the soil brings about alterations in the biological
condition of the latter of such a kind as to hasten the decomposition
of the organic matter already present, so that the increase of
nitrate found may not be entirely derived from the added plant
tissues, but in either case the ultimate result is due to the burying
of the green manure crop. The following tables show the effect of

variations in treatment upon the rate of decomposition of the sann
hemp in the soil : —
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- Variation in moisture content of soil. S Pusa soil : 6 weeks’ growth.
Pusa soil: 4 weeks' growth. : , . With different saturations of moisture. '
With different saturations of moisture, ' Original N. us Ammonia : 200 mgrms. per 100 grms. of soil.
Original N. as Ammonia : 2700 mgrms. per 100 grms. of soil. 01"igmal N. as Nitrate : 109 mgrms. per 100 grms. of 50“-. ‘
Original N. as Nitrate : 109 mgrms. per 100 grim, of woil, Nitrogen added as G. M. : 1740 mgrms. per 100 grms. of soil.
Nitrogen added as G, M. : 12'80 mgrms. por 100 grins. of soil. : : .
TABLE 1IV.
TABLE II1. ‘
- , | | Weeks, 1| 2 3 4 6 8 |12
After woeks. l 1 I 2 3] 4 6| 8 | 12 I ‘ | -
. o —
. Milligrams N. per 100 grams soil.
Milligrams N. per 100 grams soil. : . .
_ NHj3 1 12:4 84 7-6 75 7-0 74 60
NHg 12:8 50 83 35 2.5 ! 20 2:8 Air dry . . .4 Nitrite ' 008 | 0-01 | 001 | 012 [ 0-01 001 0-01
] I . Nitrate | 18 | 22 (24 | 33 | 38 36 | 36
Air dry + /4 Nitrite | 0-15 | 0-03 | 0-01 [ 0-01 0-01 ool | 00l =14-49,
" pitrified. | -
Nitrate 1.8 2.0 24 24 2:4 2.6 28 ) . {NH3 55 4-0 30 25 2:0 2:5 2-0
§ Saturation . . 4 Nitrite 063 { 000 | 0-00 [ 0-00 | 0-00 0-00 0-02
=10-8% ) Nitrate 2-2 73 7-8 91 95 9-8 87
nitrified. o —50:09,
i : nitrified.
(NHgy 109 | 94 ' 90 { 90 95 99 74
: NH; 10-9 35 2:5 2-5 2-0 29 2:0 Saturated . . 4 Nitrite N 1:l N i} N ilA ch’l_ "N 1:l N ::l N il_
} Saturation == 12% |1 Nitrite | 0-25 | 0056 | 0:01 | 0:01 | 001 001 002 Nitrate Nt.l Nil Nl I Nit \ Nil Nil - Ni
Nitrate | 20 | 62 | 67 [ 69 | 76 87 80
' B0, A Pusa soil: 10 weeks’ growth.
nitriftod. a ‘With_different saturations of moisture.
"7 Original N, as Ammonia: 2'00 mgrms. per 100 grms. of soil.
NHj 69 1 25 | 10 | 20 | 10 20 20 Original N. as Nitrate : 1'09 mgrms. per 100 grms. of soil.
§ Saturation = 18% |{ Nitrite 12 | oot v | xa | o1 ool | 002 -~ . Nitrogen added as G. M. : 22'20 mgrms. per 100 grms. of soil.
[Nitrate 131 |69 |84 |89 04 98 81 - .o TABLE -V,
=078%  Weeks. 1 I 2 } 3| 4 \ 6| 8 |12
° Y .
NH,4 99 | 456 | 40 | 35 | 20 3.0 2.3 Milligrams N, per 100 grams of soil.
4 Saturation = 249, Nitri ' : . . . NH3; 109 | 90 80 | 4 74 50 3:5
% itrite 0-61 | 001 | 0-01 | N4l 0-01 001 o-01 Airdry . . .Jd Nitrite | 0005 085 085! 0:18 | 002 0-24 0-24
Nitrate | 1-8 | 53 | 53 | 62 | 62 7-8 58  Nitrate | 1-8 2-4 26 | 26 | 26 6-52(;/6 2-1
0
— £9.90 l’l‘tl‘iﬁ(‘d. .
. :Eti?ﬁ% (NHy | 94 | 30 | 256 |35 | 25 20 | 25
aturation . . 4 Nitrite 061 | 0-24 { 000 | 001 | 0-01 0-00 0-02
8
{ Nitrate 27 6-:0 68 73 84 8(;7 7-2
NHg 109 | 74 | 74 | 70 | 50 55 58 3:{t5ré’ied '
Full Baturation = . , . I
Nitri 14 il 1 ;i Y 1 i NHj; 100 1109 |10-4 9-9 9 9 84 80
489, itrite | Nd | Nil | Nil | Nil | Nil Nil N¢ Saturated . A Nitrite | Nit | Nit | Nt | Nil Nil Nil Nil
Nitrate | Nil | Ndd | Nid | Nad | N | Na | Nd Nitrate | Nil | Nil | Nit | Nit | N | Na | Nt
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Inspection of these tables shows that ? saturation is the opti-
mum moisture content for nitrification of green manure in Pusa
soil ; this agrees with previous determinations in which oil-cake was
uted. The rate of formation and accumulation of ammonia is in
inverse proportion to that of nitrate, the nearest approximation of
the two occurring in the soil at optimum saturation. It has been
suggested elsewhere (Memoirs of the Dept. of Agri. in India, Bact.
Ser. Vol. I, No. 1) that nitrification in Indian soils may be inter-
fered with by the rapid formation of ammonia which would occur
at such high temperatures as frequently obtain in them.

The soil kept air-dry actually contained about 5 per cent. mois-
ture, which accounts for the nitrate formed; this is about the nor-
mal water content of such soil air-dried during the rains in this
part of India.

As was to be expected, no nitrate was found in any of the satur-
ated soils, and although 60 per cent. of the nitrogen present was
ammonified during the first week, half of this was lost during the
following two months.

This experiment brings out clearly the difference resulting from
early turning in of the green manure. In the case of four weeks
and six weeks old plants, the actual amount of nitrate formed was
about the same, although the percentage nitrified was consider-
ably higher in the former (67 per cent.), but with maturer plants of
ten weeks’ growth only 34'5 per cent. nitrification occurs, so that
although the amount of nitrogen added as green manure ten weeks

old as compared with that at four weeks is in the ratio —gz yet the
amounts of nitrate formed are as gg These quantities are those

found after eight weeks’ incubation and have a further signifi-

cance when taken in conjunction with the fact that in every case,
in all the experiments but one, less nitrate was found after twelve
weeks than was present after eight. The reasons for this reversion
are not at all clear; it does not appear to depend upon moisture
content as it occurs under all the varying conditions of moisture
experimented with, nor upon concentration of nitrate, as this also
varied considerably; the only invariable factor was the length of
time involved, suggesting some biological change in the soil com-
plex or the gradual production of conditions inimical to the physio-
logical functions of the nitrifying organisms, such as the accumu-
lation of {oxins, yet permitting the growth of other micro-organisms
which would draw upon the nitrate for their nutrition; that such
reduetion occurs even under optimum moisture conditions has been
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demonstrated fully by experiments, of one of which the following
table gives the results:— ’

TABLE VI.
Showing reduction of nitrate in soil under normal moisture
conditions.

Mgrms, N. per 100 grms. soil.

Origin. 11 After After | After After Water
— TIEMAL 94 hrs. | 48 hrs. | 4 weeks. | 6 weeks. ater.
| B
(NHy .| 22 | 22 2:20 3-92 260 |
i |
Pusa soil .4 NGy <1002 0-02 0-02 0-10 0-10 rlﬁ%
|
Noz .| 075 075 0-75 540 | 420 |J
erH3 . . 22 . 230 2-40 588 2:90 1
p .
s sol + KNO {NOy .| 00z 005 | 010 | 010 | 010 %
(NOg . 375 | 3460 300 630 600 |J

The well-known susceptibility of the nitrifiers to toxins and the
increased nitrification concurrent with aeration which would destroy
the latter, support this view. Whatever may be the cause of such
reversion, the importance of securing a high percentage of nitrifica-

tion so as to secure a proportionately high residuum of nitrate for
the benefit of the succeeding crop is obvious.
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Variation in depth of burial.
Pusa soil: 6 weeks’ growth.
2 Saturation. Buried at different depths.

Original N. as Ammonia : 200 mgrms. per 100 grms. of soil.
Original N. as Nitrate : 1:09 mgrms. per 100 grms. of soil.
Nitrogen added as G. M. : 1740 mgrms. per 100 grms. of soil.

TABLE VII.
|
Weeks. 4 6 8 ‘ 12
Milligrams N. per 100 grams soil.
NH;. .| 25 2:0 2.0 2.0
Buricd surface . < Nitrite . 0-02 0-04 002 - 003
Nitrate . 72 72 74 72
=36'0%
nitrified.
o (NH3 . . 2:5 20 25 2:0
Green manure, Buried 3 rNitrite .. 000 0:00 |~ 000 0-02
deep. | Nitrate 91 95 98 8-7
=500%
nitrified.
. (NHy . .| 25 25 20 2-0
Green manure, Buried 6 { Nitrite . | 001 0-02 002 003
deep- . \ Nitrate .| 61 | . 172 74 72
: =360%
. ) nitrified.
o (NHg . . 40 50 15 25
Green manure, Buried 9 f Nitrite . | 002 0402 002 0-03
 deep. WNitrate . | 50 67 80 74
. nitrified.
1

Pusa soil: 10 weeks’ growth.
2 Saturation. Buried at different depths.
Original N. as Ammonia : 2'00 mgrms. per 100 grms. of soil.

Original N. as Nitrate : 1'09 mgrms. per 100 grms. of soil.
Nitrogen added as G. M. : 22'20 mgrms. per 100 grms. of soil.

TABLE VIII.
. ar (NHj . 35 2:5 20 2:5
Green manure. Buried 3 J Nitrite 0-01 001 | 000 0-02
ecp- [ Nitrate 73 84 87 . 7-2
=27-5%
nitrified. .
. 1+ or (NHg . 15 25 21 29
Grgen manure, Buried 9 rNitrite 0-06 0-01 001 001
eep- Nitrate 33 54 62 - | 87
: =34'6%,
nitrified.
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In this experiment analyses were made, in the surface and the

3-inch series, every week, so that the soil in these pots received

more aeration than those of the deeper series (6 inches and 9 inches)
which were not sampled until after four weeks; for this reason
nitrification was nearly complete in the former after four weeks in
the case of the six weeks’ old plants, whereas, in the deeper series
and with the more slowly decomposed mature plants of ten weeks’
growth, this process continued for the regular two-mounth period,
and in the case of ten weeks old plant buried at 9 inches the only
instance was furnished of an increase of nitrate between the eighth
and twelfth weeks; no doubt the slow rate of change as compared
with that under other conditions might explain this difference.

From the results shown in the above tables we may infer that
there is an optimum depth for burial of green manure which
varies with the age of the plant and probably with the character of
the soil and the subsequent treatment of the latter. Generally
speaking it seems that more mature plants must be buried at a
lesser depth to ensure nitrification, but there are further points to
be considered in connection with this conclusion; it will be seen,
as has been pointed out, that nitrification was still proceeding at the
twelfth week in the case of ten weeks old plants buried at 9 inches,
and it is unfortunate that arrangements were not made to allow of
keeping this process under cobservation for a further period, so as
to ascertain at what time the maximum would be reached; this is
being carried out during the present season 1913-14; it has been
already pointed out that the succeeding rabi crop may lose nitrate,
formed from the green manure, by reason of an unduly long period
of time elapsing between burial of the latter and planting of the
former, the resulting reduction of nitrate being consequently exces-
sive. This might be avoided to some extent by retarding the rate
of decomposition of the green manure, as has been shown to occur
as the result of deep burial of mature plant. On the other hand
the dangers of adopting such a method would be two-fold; firstly,
owing to the extra loss of water by transpiration following on the
longer period of growth of the green manure crop; and secondly,
the chance of shortness of the autumn rainfall and the consequent
total failure of the deeply buried material to decompose.

Comparison of these results with those obtained in the field mea-
sured by the growth of the succeeding rabi crop of wheat, affords
some indication of the relation between such laboratory experi-
ments and those in the field, even although, in this season, the
failure of the rainfall produced a negative, instead of a positive,
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reaction to the treatment under observation. Thus the very marked
difference between the returns from Plots 10A and 11A is in agree-
ment with the percentage nitrification found in the case of six
weeks and ten weeks old plants, and the unfavourable influence of
insufficient moisture is shown throughout the field plots wherever
the particular treatment given would tend to lessen the amount of
water in the soil. In the same way insufficient aeration is shown
to be harmful, and in the case of Plots 7TA and 8A the difference in
yield can be accounted for by the combination of these two diverse
factors in Plate 7TA. Table IX illustrates the effect of diminished
aeration produced by compacting the soil; the differences observed
were minimised by the periodical removal of samples for analysis,
but are sufficiently marked to emphasize the necessity for access of
air to the decomposing organic matter.
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TABLE IX. :
Rolled and not rolled.

Pusa soil: 4 weeks’ growth.
2 Saturation.

Original N. as Ammonia : 2'00 mgrms. per 100 grms. of soil,
Original N. as Nitrate : 1'09 mgrms. per 100 grms. of soil.
Nitrogen added as G. M. : 12'80 mgrms. per 100 grms, of soil.

Weceks. 4 G 8 12
Rolled. Milligrams N. yer 100 grams soil.
Green manure, Buried 37 NH3. - : 2:5 15 10 15
deep. Nmm-, . 001 0-01 0-02 0-02
Nitrate . 73 9-4 9-6 84
) nitrified.
Green manure, Buried 67 N.Hs. o 2:5 25 20 20
decp. Nl_tnte . 0-02 0-01 0-02 0-02
Nitrate . 63 6-9 T4 ! 6-0
=49-29 |
nitrified.
Green manure, Bujed 97 (NH; . : 25 30 30 : 25
deep. N!tl‘ltu . 0-01 001 0-02 0-02
Nitratc . 44 6-2 6-5 55
Not Rolled. r—'—‘t4'2ﬁ'0% :
‘ : NH ) ritrified. i
Green manure, Buried 37 § 378 : 20 10 20 | 20
deep. N!trltc . Nil 0-01 0-01 0-02
Nitrate . 89 94 98 87
=67-8%
NH - nitrified.
CGreen manure, Buried 67 § 3053, ¢ : 25 2:5 2-5 3:0
decp. N!trlt}e . 0-01 0-02 004 0-01
Nitrato . 8-0 69 75 73
=49-8%
NH nitrified.
Green manure, Buried 97 [ NH8 ’ 20 50 40 35
dezp. N}trltc . 0-01 001 0-02 Nil
Nitrate . 65 91 98 8-7
=67-8%
nitrified.

The successful decomposition of the buried green crop has been
shown to be determined largely by the presence of an adequate
supply of water for the needs of the saprophytic organisms upon
which this process depends. It is therefore to be expected tI})mt
the moisture content of the green plant at the time of burial will
materially affect the result, as will also the condition of the tissu
in this respect. Thus the decomposition of the younger plants is :2
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much more rapid than that of the maturer ones as the water con-
tent of the former is higher than that of the latter, and those parts
of the plant containing the highest proportion of cell sap have been
found to decompose more readily than the maturer portions. This
is well illustrated in the relative rates of nitrification of the plants
in the three stages of growth under observation, and has a further
bearing upon the effect of loss of moisture from the plants resulting
from delay in burying after cutting down. The following table
shows the very markedly prejudicial result upon nitrification of
such delay even for comparatively short periods of time:—

TABLE X.
Effect of drying green crop before burial.

Pusa soil. .
2 Saturation. Buried after different periods.
Original N, as Ammonia : 200 mgrms. per 100 grms. of -soil.

Original N. as Nitrate : 1'00 mgrms. per 100 grms. of soil.
Nitrogen added as G, M. : 12'8 mgrms. per 100 grms. of xoil.

Weeks. 1 } 2 3 ‘ 4

Milligrams N. per 100 groms soil.

{ NHs 6-9 2:5 1-0 20 1-0 2.0 2:0
Buried immediately { Nitrite 1.2 | 001 | Ndd | Nil | 001 0-01 0-02
| :
| Nitrate 31 69 84 89 -4 .98 87
= 6789,
nitrified.
}{NHa 6-5 35 |-286 |:3b 35 .35 2:0
Buried after dryin s ’ . 1 o
toe 24 hours. Y "84 Nitrite | 1-1 | 002 |-002 | Nit | 0:02 003 | 002
{ Nitrate | 4-1 5.1 60 | 69 | 69 69 65
— 4539,
o nitrifiede
j NH;3 54 35 40 | 40 2:5 3-0 25
Buricd oftor drying) Niwite | 005 | 002 | 003 | Nit | 02| 003 | 002
g !
lLNil:l‘li.te 3-8 51 53 53 54 61 58
=3919,
nitrified.
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The effect of the addition of various fertilizers to the soil in
conjunction with green manure was tested in the labora‘tory, but it
was not found possible to make complete field experiments during
the season 1912-13; these are, however, being carried out during
the current season, and the results of the laboratory and field
experiments will be published together in a further bulletin. The
effect of the addition of green manure upon the biological activity
of the soil as measured by the carbon dioxide produced is shown in
the case of Pusa soil by the following table, in which are also given
the differences resulting from the addition of superphosphate and
bonemeal.



TABLE XI.

30

Carbon diozxide formation n Pusa soil with green manure.

Chhionia Field.

N.

Pusa Soil

Milligrams of CO, per litre of air aspirated per day.
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It will be seen that the optimum moisture content (16 per cent.)
for CO, formation is the same in this case as that for nitrification
of the green manure previously noted, the difference between the
amounts formed with 16 per cent. and 30 per cent. water being of
the same order of magnitude as that observed in the case of nitrifi-
cation at } and % saturation.

The very marked increase following the addition of superphos-
phate is in accordance with field results in this soil, but it is not
proposed to discuss the probable causes until further information
has been obtained.

Work in Eastern Bengal and Assam by Mr. Meggitt, Agricul-
tural Chemist to the Government of the Province, has demon-
strated the greatly increased manurial efficiency of bonemeal result-
ing from its use in conjunction with green manure. The figures
in this table showing the increased CO, formation resulting from
this combination do not throw any direct light upon the subject, as
on inspection it will be seen that the amount formed is less than
the sum of the two individual quantities in the same time.
Nevertheless it may well be that the higher concentration of car-
bon dioxide in the soil water resulting from the addition of the
green manure to the bonemeal has in actual practice the effect
assigned to it by theory of increasing the quantity of available
plant food in the soil.

Pusa, November 1913.
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A note on the effect of heat on the
Rinderpest Immune Bodies.

INDERPEST anti-serum, when protected from light and kept at
a temperature under 90°F., maintains its original potency for long
periods (two years).

Certain tests carried out by Lingard showed that serum kept in the
plains of India, when exposed for a length of time to a shade temperature
of over 90°F., deteriorated in potency.

Serum kept in the plains for six and a half months, during which the
maximum shade temperature varied from 78°F. to 126°F., is said to have
lost 40 to 66 per cent. of its protective value.

A sample of serum deposited in Madras for two months, during which
the maximum shade temperature rose to 105-5°, apparently lost 55 per
cent. of its potency.

Another sample of serum, kept for twenty-six months, in the plains
and exposed to two hot seasons, when the maximum temperature rose
to 108°F., was found to have deteriorated in value by 55 per cent.

The conclusion has, consequently, been arrived at that prolonged
exposure to a shade temperature of over 90°F. is detrimental to Rinder-
pest anti-serum. “

In field operations in the plains of India the serum is frequently
exposed for short periods to a high temperature.

In order to ascertain if exposure to a moderately high temperature
for several days or to high temperature for a short period had any detri-
nental effect on the serum the following tests were carried out. Another
object of these experiments was to determine the effect of sterilisation
on the potency of the serum.

The effect of keeping serum at45°C. (113°F.) for seven days.

A quantity of serum (Brew 84). was kept at 45°C. for seven days
after which its protective power was tested on hill cattle.
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The original potency was fixed at a dose of 90 c. c. per 600 lbs. body
weight for hill cattle.

Two bulls Were injected with a quantity of serum at the rate of 90 c. c.
per 600 lbs. body weight and at the same time received an inoculation
of 0°5 c. c. fresh Rinderpest blood.

Bull No. 2078.—Inoculated with 2220 c. ¢. serum heated for seven
days at 45°C.4+0'5 c. c. defibrinated V. B. from
Bull No. 2073.
Sthday . . . . 409°C.
6th ,, . . . . 406°C.
Tth ,, . . . . 404°C.

8th ,, . . . . 402°C.

10th ,, . . . . 40:5°C, Vesicles.
11th ,, . . . « 397°C. Uleers, diarrhoea.
12th ,, . . . . 386°C.

” ”»
13th ,, . . . « 37:8°C. Ulcers healing, diarrhoa.
14th ,, . . . . 382°C, ' y  foeces soft.
16th ., . . . . 39:2°C, » healed up,

24th ,, . . . . Discontinued.

Bull No. 2075.—Inoculated with 22:80 c. ¢. serum heated for seven

days at 45°C.4-0'5 c. c. defibrinated V. B. from
Bull No. 2073.

9th day . . . . 40-5°C. Vesicles.
10th ,, . . . . 40-0°C, ” ulcers, diarrheea.

11th ,, . . . . 385°C., Ulcers, diarrheea.
l2th g o . . . 36'100. » 2

13th ,, . . . . Died.

The following was the original test of this Brew of serum No. 84.

4th day .

5th
6th
7th
8th
9th
10th
11th
12th

Bull No.

4th day .

5th
6th
7th
8th
9th
10th
11th
12th
13th

Bull No.

6th and 7th day
23rd day .

L2

» .

RINDERPEST IMMUNE BODIES.

Serum Testing.

Bull No. 1032. Inoculated with 10-20 e. c. serum-+0-5 ¢. c. defibri-

nated V. B. from Bull No. 1005.
600 lbs. body weight.)

40-1°C.
40-8°C.
41-1°C.
41-1°C.
41.0°C.
40-7°C.
39-8°C.
39-0°C.
Died

Vesieles.
Vesicles and ulcers.
Uleers healing.

” 'Y}

(36 c. c. per

1031.—Inoculated with 1032 c. ¢. serum+-0+5 c. c. defibri-

LEI

¥ .

1033.—Inoculated with 20:52
defibrinated V. B. from Bull No. 1005.

nated V. B. frem Bull No. 1005.
600 1bs. body weight.)

40-5°C.
40-7°C.
40-6°C.
40-5°C.
40-5°C.
40-8°C.
37:5°C.
37:3°C.
36-0°C.

Died.

Fwmeces soft.
Vesicles, freces soft.
Uleers, diarrheea.

12 1

Uleers healing.

» ,» diarrheea.

’” ’” [2]

c. per 600 lbs. body weight.)

41-0°C.

Discontinued.

(36 c. ¢. per

¢. ¢. serum+0H c. ec.

(54 c.
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Bull No. 1034.—Inoculated with 22:56 c. c. gserum+4-0:5 ¢. c.
defibrinated V. B. from Bull No. 1005. (54 c.

‘ c. per 600 Ibs. body weight.)

4th day . 40-1°C.

5th ,, . . 40-4°C.

6th and 7th da 40-6°C.

8th day . 40:5°C.

9th ,, . 40-6°C.
10th ,, . 39:7°C. Vesicles.

11th ,, . 39-8°C. . and ulcors.
12th ,, . 39:0°C. Ulcers.
13th ,, . 39-8°C. ,  hoaling.
14th ,, . 39-0°C. Uleers healed up.
23d ,, . Discontinued.

Bull No. 1037.—Inoculated with 31:50 ¢. ¢.+0'5 c. c. defibrinated

V. B. from Bull No. 1005. (108 c. c. per 600 lbs.

body weight.)

4th day .
5th ,, .
6th ,, .
7th ,, .
8th ,, .
9th ,, .
10th ,, .
11th ,, .
12th ,, .
13th ,, .
l4th ,, .
23rd ,, .

Bull No. 1036.—Inoculated with 31-86 c. c. serum + 0'5 c. c. defibri-
nated V. B, from Bull No. 1005.

40-6°C.

41-5°C.

41-3°C.

41-2°C.  Vesicles,
41:2°C. Ulcers.

40-8°C, ’

40-6°C. ' healing.

40-0°C. ’ ' diarrhan.
39-6°C. . » ”
39-8°C. ’ " "
39-8°C. s hoaled up.

Discontinued.

600 Ibs. body weight.)

4th-6th day . 405°C.
7th day . . . 400°C.
23rd ,, . . . . Discontinued.

The result shows that serum heated to- 45°C. (113° F.) Jor seven
dys does not lose any of its protective value.

(108 c. ¢ per

(b1 4

RINDERPEST IMMUNE BODIES.

The effect of heating serum to 55°C.(131°F.) for one hour.

After heating, the serum was tested on two hill bulls in the usual
methods. The dose of serum used was at the rate of 90 c. c. per 600 lbs.

body weight.

Bull No. 1098.—Inoculated with 25:60 c. ¢. serum heated for 1 hour

at 55°C.4+05 c. c. defibrinated V. B. from Bull
No. 1021. (90 c. c. per 6C0 Ibs. body weight.)

6th day . . . . 40-2°C.

Tth ,, . . . . 40-2°C.

8th ,, . . . . 40-5°C.

9th ,, . . . . 41-4°C.

10th ,, . . . . 40-3°C. Vesicles.

11th ,, . . . . 39-5°C. Ulcers.
12th ,, . . . . 396°C. ’ healing.
13th ,, . . . . 394°C. . healed up.
17th ,, . . . . Discontinued.

Bull No. 1105.—Inoculated with 25-60 ¢. c. serum heated for 1 hour

at 55°C.4-0'5 c. c. defibrinated V. B. from Bull
No. 1021, (€0 c. ¢. per 600 Ibs. body weight.)

6th day . . . . 404°C.

8th ,, . . . . 40:0°C.
10th ,, . . . . 395°C.  Vesicles.

1th ,, . . . . 394°C. VUlcers.
12th ,, . . . . 397°C. ' healing.
13th ,, . . . . 394°C. v healed up.
17th ,, . . . . Discontinued.

The following was the original test of this Brew of serum No. 82 :—

Serum Testing.

Bull No. 577.—Inoculated with 10:62 c¢. c. serum--0'5 c. c. defibri-

nated V. B. from Bull No. 531. (36 c. c. per
600 lbs. body weight.)

5th day . . . . 40-8°C,
6th ,, . . . . 41-0°C.
7th ,, . . . . 41-3°C.
8th ,, . . . . 40-6°C.
9th ,, . . . . 40-8°C. Vesicles.
10th ,, . . . . 40-1°C. TUlcers.
11th ,, . . . . 40-5°C. Ulcers healing, diarrheea,
12th ,, . . . . 36-5°C. ”
13th ,, . . . . Died. "
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Bull No. 578.—Inoculated with 12 c. ¢. serum--05 c. c. defibrinated
V. B. from Bull No. 531. (36 c. c. per 600 Ibs.
body weight.)

4th day . . . . 40-0°C.

5th ,, . . . . 40-6°C.

6th ,, . . . . 40-9°C.

7th ,, . . . . 40-6°C.

8th ,, . . . . 40-7°C. Vesicles.

9th ,, . . . . 404°C. Ulcers.

10th ,, . . . . 38-6°C. ,»  diarrhcea.
ith ,, . . . . Died.

Bull No. 580.—Inoculated with 24'84 c. c. serum-05 c. c. defibri-
nated V. B. from Bull No. 531. (54 c.c. per
600 Ibs. body weight.)
8th and 10th day . . 40-0°C.
17th day . . . . Discontinued.

Bull No. 582.—Inoculated with 24:84 c. c. serum--0'5 c. c. defibri-
nated V. B. from Bull No. 531. (54 c. c. per
600 Ibs. body weight.)

5th day . . . . 40-5°C.
6th and 7thday . . 41:2°C.
8th day . . . 41-0°C.
9h ,, . . . . 405°C
17th ,, . . . . Discontinued.

Bull No. 579.—Inoculated with 38:52 c. c. serum+0'5 c. c. defibri-

nated V. B. from Bull No., 531. (108 c. c. per
600 lbs. body weight.)

5th and 7th day . . 40:5°C.

8th day . . . . 40-7°C.

9th ,, . . . . 40-1°C.
17th ,, . . . . Discontinued.

Bull No. 581.—Inoculated with 39-60 c. c. serum~+05 c. c. defibri-
nated V. B. from Bull No. 531. (108 c. c. per
600 Ibs. body weight.)
No lesions or temperature reaction.
17¢h day . . . . Discontinued.

Serum heated, to 55°C. (131°F.) for one hour does not lose any of its
potency.

RINDERPEST IMMUNE BODIES. 7

The effect of heating serum to 60°C. (140°F.) for 1 hour.
The heated serum was tested on four hill bulls. The dose of serum

-used was at the rate of 45 c. c. and 90 c. c. per 600 lbs. body weight.

Bull No. 78.—Inoculated with 13:05 c. ¢. serum heated for 1 hour
at 60°C.40'5 c. c. defibrinated V. B. from Bull
No. 79. (45 c. c. per 600 lbs. body weight.)

8th day . . . . 40-4°C.
9th ,, . . . . 40-0°C. Vesicles,
10th ,, . . . . 39-5°C. »
11th ,, . . . . 39-5°C. Ulcers, diarrheea.
12th ,, . . . . 39-0°C. . healing, slight diarrhcea.
13th ,, . . . . 381°C. »»  healed up.
18th ,, . . . . Discontinued.

Bull No. 77.—Inoculated with 13:80 c. ¢. serum heated for 1 hour at
60°C.+-0'5 c. ¢. defibrinated V. B. from Bull
No. 79. (45 c. c. per 600 lbs. body weight.)

5th day . . . . 40-0°C.
6th ,, . . . . 40-0°C.
th ,, . . . . 40-4°C,
8th ,, . . . . 40-4°C.
9th ,, . . . . 40°1°C. Vesicles.
10th ,, . . . . 392°C. ’ ulcers, slight diarrhcea.
11th ,, . . . . 39-3°C. Ulcers healing.
12th ,, . . . . 384°C.  ,, healed up.
18th ,, . . . . Discontinued.

Bull No. 61.—Inoculated with 27:15 c. c. serum heated for 1 hour at
60°C.4+0'6 c. ¢. defibrinated V. B. from Bull
No. 34. (90 c. c. per 600 lbs. body weight.)
6th day . . . . 40-5°C.
7th ,, . . . . 40-0°C.
17th ,, . . . . Discontinued.

Bull No. 72.—Inoculated with 28-50 e. ¢. serum heated for 1 hour at
60°C.4-06 c. c. defibrinated V. B. from Bull
No. 34. (90 c. c. per 600 Ibs. body weight.)

6th day . . . «  40-0°C.
7th ,, . . . . 40-5°C.
17th ,, . . . +  Discontinued.
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The following was the original test of this Brew of serum No. 86 :—

Serum Testing.

Bull No. 1.—Inoculated with 12:66 c. c. serum--0+5 c. c. defibrinated’

V. B. from Bull No. 4. (36 c. c. per 600 lbs.
body weight.)

6th day . . . . 40-0°C.
7th ,, . . . . 40-1°C.
9th and 10th day . . 40-0°C,
21st day . . . . Discontinued.

Bull No. 5.—Inoculated with 12:66 c. c. serum--0-5 ¢. ¢. defibrinated
V. B. from Bull No. 4. (36 c. ¢. per 600 Ibs. body

weight).

4th day . . . . 40-3°C.

5th ,, . . . . 40-7°C.

6th ,, . . . . 41:0°C.

7th ,, . . . . 40-9°C.

8th ,, . . . . 40-6°C.

9th ,, . . . . 404°C, Vesicles.
10th ,, . . . . 40-5°C, ” diarrhcea.
11th ,, . . . . 40-0°C, " ulcers,
12th ,, . . . . 390°C. Ulecers healing.
13th ,, . . . . 38:9°C. » »»  diarrhcea.
14th ,, . . .. 385°C. » » »
l5th 2y . . . 38'200. »9 EH) »”
16th T . . . 37'600. ’ ” ”»
l7th YR . . . 38‘800. ’ E2] ”
21st ,, . . . . Discontinued.

Bull No. 6.—Inoculated with 2208 c. c. serum~+0-5 ¢. c. defibrinated.

V. B. from Bull No. 4. (54 c. c. per 600 Ibs. body

weight.)
Tthday. . . . 401°C
11th- ,, -, . . .- 39-0°C. Vesicles.
12¢h ,, . . . . 39:6°C. Ulcers.
13th ,, . . . . 39-1°C, , healing.
lath . . . . 40-0°C. »»  healed np.

2

21st ,, . . . . Discontinued.

RINDERPEST IMMUNE BODIES, 9

Bull No. 15.—Inoculated with 2556 ¢. c. serum--0-5 c. ¢. defibrinated.
V. B. from Bull No. 4. (54 c. c. per 600 lbs. body

weight.)
7th-10th day . . . 40-0°C.
21st day . . . . Discontinued.

Bull No. 19.—Inoculated with 3798 c. ¢. serum--0-5 c. c. defibri--
nated V. B. from Bull No. 4. (108 c. c. per 600
Ibs. body weight.)

9th-11thday . . . 40-0°C.
21st day . . e . Discontinued.
Bull No. 24.—Inoculated with 38:70 ¢. c. serum--0'5 ¢. ¢. defibri~
nated V. B. from Bull No. 4. (108 c. c. per
600 lbs. body weight.)

6th-7th day . . . 40-0°C.

8th day . . . . 40-4°C.

9th ,, . . . . 40:3°C.
2lst ,, . . . . Discontinued.

A serum heated to 60°C. (140°F.) for one hour retains its original.
potency.
Conclusions.

The results of these tests are in support of the conclusion that Rinder-~
pest anti-serum does not become altered in potency by a short exposure
to a high temperature ; also that the sterilisation of this serum can be
accomplished without any detriment to the value of the serum.

The results are also of a further interest inasmuch as they show that
the action of the Rinderpest anti-serum is not dependent on a comple--
ment contained in itself.

The experiments of Pfeiffer demonstrated that a serum was inacti-
vated by heating to 55°C. and that inactivated serum did not kill or
dissolve the bacilli against which it was prepared. It was necessary to-
add fresh complement obtained from the serum of a healthy animal in
order to restore the destructive action.

Immune bodies are not altered by exposure to a temperature of
60-65°C. for a period of an hour whereas the complement of serum is
destroyed by heating to 55°C. for half an hour.

The Rinderpest serum evidently obtains a suitable complement in
the body of injected cattle. '
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The experiments of Todd and White! on the hemolysin of the ox
showed that though a suitable complement for the hemolytic immune
gerum could not be demonstrated in vitro, from the serum it was actually
present in the animal body.

They found that the isolysin present in the serum of the immune
-cattle did not act with the complement free in the blood of these cattle
but appeared to require a foreign complement. This is not in accord-
ance with what was found by Ehrlich and Morgenroth?2 in their investi-
_gation with isolytic'goat sera. In the case of the goat the injection of
the animal with the corpuscles of another individual gives rise to an
isolysin which acting in conjunction with the complement normally
present in the serum of the goat causes the solution of the corpuscles.

Todd and White, however, were able to demonstrate that although
the isolysin did not act with the complement present in ox serum, a
-suitable complement does exist elsewhere in the body.

Fresh immune serum which showed no reaction on ox corpuscles in
vitro unless foreign complement were added was injected into a bull.

One litre of the serum was injected intravenously and a few hours
-after the injection the urine was very darkly hemoglobin stained, show-
ing that a suitable complement had been forthcoming.

1 Todd and White, On the Hamolytic Immune Isolysins of the Ox and their rela-
tion to the question of Individuality and Blood Relationship. Journal of Hygiene, Vol.
X, 1910, pp. 185—195.

2 Ehrlich and Morgenroth. Studies on Hemolysis.
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PREFACE

HIS Bulletin has been prepared by Mr. M. N. De, Sericultural
Assistant at Pusa, and contains practical hints on improved methods
which are recommended to be used for reeling mulberry silk in Bengal
and other silk producing districts. It has been found that, by the
provision of two small pulleys to the ordinary Bengal type of reeling
machine, superior thread can be obtained, the cost of the extra apparatus
is merely nominal (five or six annas per machine), whilst the suitability of
the machine for cottage workers is maintained.

By attention to such simple points as the stifling and storage of
cocoons and the temperature and quality of the water used in the reel-
ing pans, great improvements can be effected in most silk centres in
Bengal and other districts, It is hoped that the information given in
this Bulletin may be found of practical use to the Silk Trade.

Pusa; T. BAINBRIGGE FLETCHER,

0tk July 1914. Imperial Entomologist.



HOW TO IMPROVE SILK-REELING IN
BENGAL.

Introduction.

Sericulture involves three operations :—(1) The growing of mulberry
trees, (2) The rearing of the worms, and (3) The reeling of the cocoons.
From each mulberry cocoon one uniform continuous single thread about
500 to 2,000 feet in length can be obtained. The process of unwinding
the thread is called reeling. Raw silk or reeled silk is prepared by boil-
ing the cocoons in hot water and drawing filaments of 6 to 20 cocoons
into one thread on a reel.

The principal causes of the decline of the silk industry are (1) Diseased
and weak worms which spin small and bad cocoons, (2) Foreign competi-
tion, (8) Defective system of reeling, and (4) Want of organization.

(1) The nurseries set up by the Government of Bengal and by private
enterprise in Murshidabad, Rajshahi and Maldah cannot produce
more than Rs. 15,000 worth of disease-free eggs in a year whereas the
rearers of Bengal require more than a lakh of rupees worth of eggs per
year. In countries where sericulture has made great advancement
only licensed bigh class breeders are allowed to sell eggs or Government
taks up the monopoly of supplying eggs, but in India there are mo
restrictions and any rearer can sell his produce as seed cocoons, often with
the inevitable result of spreading diseases and causing many failures,
The multivoltine silkworm races of India yield silk which is inferior both
in quality and outturn to that of the univoltine races of China, Japan,
Italy and France. :

(2) With the opening of new ports to foreigners raw silk began to
be exported to Europe in large quantities from China and Japan and
Bengal silk came into disfavour. The Indian reelers do not know the
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2 SILK-REELING IN BENGAL

demands of the foreign markets and they are satisfied with preparing the
same old coarse threads on their old-fashioned reeling machines. The
other silk producing countries of the world prepare threads suited to the
requirements of the consumers, but in India the illiterate reelers have no
such information to guide them.

(3) Indian silk contains more gum and colouring matter than the
foreign univeltine silk and the filament of each cocoon being shorter
(about-1,000 feet) in length the ends have to be attached more often at
the time of reeling which causes non-uniformity in the thread ; in the
Indian cocoon when the filament is nearly exhausted the parchment-like
layer is drawn out of the reeling water and causes unevenness in the
thread ; but in the univoltine cocoon whose filament is about 1,500 feet
to 2,000 feet in length there is less chance of such non-uniformity.
(a) The raw or green cocoons are stifled and dried in the sun and thus
lystre and strength of the thread are lost to some extent.. (4) The cocoons
are Boiled and reeled in the same pan so that it is very difficult to keep a
uniform temperature in the reeling pan. (¢) Too many cocoons are
boiled at a time and the boiled cocoons are kept in the reeling pan for a
Iéng time and thyus the weight, lustre and elasticity of the filaments are
lost, . (d) While joining the filaments the Bengal reelers keep very long
ends. (¢) The water used for reeling is very often hard and unsuitable
for reeling. (7) The hole, through which the filaments of a single
thread are passed, is very big and forms what are called knobs, fouls and
knifs. (g) They giveonly 2 or 3 croisseurs or twists instead of 200—3850.
(k) Threads are not tied whilst being reeled, if broken. (s) The cocoons
are handled too roughly in the boiling pan. (7) Any number of cocoons
is veeled at a time according to the convenience of the reeler without
caring for the denier (uniform thickness).. (%) The reel is made to revolve
according . to the convenience of the winder. (/) Dust and smoke.are
sllowed to fall on the reeled thread, () The raw silk is not re-reeled.

- (4) Want of organization is one of the worst features in all Indian
industries. . The reelers do not know where to sell their goods at an
advantage. They are almost always compelled to take advances from
the ‘Marwari money-lenders and sell the thread at a cheap rate; these
middlemen generally absorb the lion’s share of the profit. The reelers
do not know that many foreign merchants are anxious to buy Indian
silk:in small or large quantities. Another drawback which the Indian
raw. silk trade suffers from is the want of a Silk Condltxomng House in
Cileutta or Bombay throngh which all the silk for export should pass,
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As silk is verv hygroscopic it is customary to determine the quantity. of
moisture in each lot at the time of sale in a Government Conditioning
House. The advantage to the buyer of “conditioned silk’” is that he
is sure to get the full weight of silk without paying for. moisture. "The
buyer is protected against franud by this procedure and .only good silk
is exported from the country. All silk  producing and consuming
countries. have got at least one Conditioning House managed by Govern-
ment officials.

Special use of Indian silk.~~The filaments of multlvoltlne coeoons aye
as good structurally as the univoltine ones. Bengal silk, if .properly
reeled, is suited for a few special purposes such as the making of black
silk hats and for sewing purposes, and for these this silk is exclusively
used. The European manufacturers have conceived a strong prejudice
against Indian silk and it is our duty to remove it by exporting the best
silk only.

By comparing the value of Indian silk and univoltine silk i ma,y
be ascertained to what condition Bengal silk has fallen. The value of
univoltine silk in England is about 19 shillings per pound while that of
Indian silk is from 8 slullmga to 12s. 6d4. per pound. It is not a fact
that the Indian reelers cannot reel better thread rut they aim at quantity
rather than quality ; they do not care to exploit new markets but stick
to the old market. As long as the Indian millowners and weavers are
anxious to get cheap raw silk there is very little hope for the amelioration
of the condition of Bengal raw silk unless the produeers-: trv to sell their
best raw silk to a foreign market. :

By the provision of two extra small alummlum, glass or wooden
wheels or pulleys in the Bengal system of reeling machine. we -have
managed to give about 200—~350 twists (vide illustration of the reeling
machine, Plate 11, page 10). In this method the simple country appliauce
for reeling has been greatly improved and yet its suitability for cottage
workers maintained. _ '

Foreign trade: Feporfs:—In 1772 about 180,000 lbs. of wound
(raw) silk was exported to England from India; in 1785, 324,307 Ibs,;
in 1795, 880,352 1bs.; but 20 years later Bengal supplied- 736,081 lbs.
(Millburn’s - Rise and Progress. of the Silk Trade). In 1805 the total
exports were 835,904 lbs.; in 1825 they came to 919, 436 Ibs. ; in- 1835
about 727,685 lbs.; in 1867-68 about 2,226,201 lbs. valued- -at
Rs. 1,65,82,290 (vide Review of the Trade of India by J. E.-O’Conor).
In 1877-78 the total exports from India were 1,512,819 lbs. valued-at
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Rs. 70,865,493 ; in 1887-88 about Rs. 48,08,000 worth of silk was exported
to foreign countries ; in 1892-93 about Rs. 61,75,000; in 1900-01,
1,604,275 lbs. valued at Rs. 51,22,0567 ; in 1908-09 about 1,833,644 lbs.
valued at Rs. 54,05,077; in 1909-10 about 1,207,561 lbs. valued
at Rs. 50,75,739; in 1910-11, 1,847,401 lbs. valued at Rs. 50,65,2587 ;
in 1911-12, 869,655 lbs, raw silk valued at £208,669 and £686,915
worth of waste silk ; and in 1912-13, 369,857 lbs. raw silk valued at
£199,458 and £32,648 worth of silk waste were exported from India
(vide Annual Statement of the Sea-Borne Trade and Navigation of
Britisk India).

The value of the exports has in recent years been steadily
decreasing. Although the quantity of silk exported has not diminished
very materially, the value of the export has declined to a third of
what it was. In Europe the utilization of waste silk began to be
understood from the year 1857 and consequently the exports of India
changed their character. The returns rapidly manifested a decline in
value, due largely to the increased quantity of export of waste silk and
cocoons in place of the reeled silk.

Imports :—In 1876-77 the import of silk in India was valued at 533
lakhs of rupees ;in 1581-82, Rs.135 lakhs; in 1900-01, Rs. 1,66,568,108; in
1904-05, Rs. 2,11,81,602 ; ia 1907-08, Ks. 3,00,00,000 ; the total value
of silk, raw and manufactured, in 1908-09 is £2,200,181, in 1909-10
it is £2,162,697, in 1910-11 is £2,411,469, in 1911-12 is £2,476,666 and
in 1912-13 is £3,187,193 (vide Annual Statement of the Sea-Borue
Trade and Navigation of British India). These show a remarkable
expansion. Bombay is the chief distributing centre; raw silk from
China and Japan and spun silk from Europe are imported here and
are carried through the Presidency of Bombay to the Punjab and even to
the United Provinces. The Punjab may be called the great consuming
province and Bengal the great producing province. Raw silk from
Bengal is carried to Nagpur, Poona, Amritsar, Madras, Benares and to
other centres of weaving. It is curious that in Bombay which has to
depend upon raw material from outside, the silk manufacturing industry
has taken comparatively large and active proportions, while in Bengal, the
very centre of Indian silk production, there is only one big silk weaving
mill to be found. The Bombay mills manufacture in considerable
quantity for the Burmese market which is much closer to Bengal and
there is also a large market in the United Provinces for the outturn of



PLATE 1

REELING OR UNWINDING THREAD FROM MULBERRY COCOONS.
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silk mills; but Bengal is content to produce in annually diminishing
quantities for an unprofitable export market and confines its manufac-
tures to a few coraks and other similar goods made by hand. Want
of enterprise and manufacturing skill is the root cause of the decline of
the silk industry here. It is indeed melancholy to record the continued
decadence of the Indian silk industry as far at any rate as the production
of reeled silk is concerned. The manufacture of silk keeps up steadily
but a considerable proportion of the raw material required for manufac-
ture is imported from China, Japan and Europe.

According to Mr. Natalis Ronds of Lyons, the greatest authority
on Sericultural Statistics, India produces about 1,200,000 seers of silk
and consumes about 1,820,000 seers of silk per year.

The Present Method of Reeling in Bengal.

The green or raw cocoons are stifled and dried in the sun for about
3 or 4 days and the dry cocoons are steamed for about 20 to 30 minutes
to make the filaments of the cocoons loose and the steamed cocoons are
boiled with water in the reeling pan for 2 or § minutes and are roughly
handled by means of a brush. Then the free tilaments of the cocoons are
caught by a brush. Filaments from 30 to 50 cocoons (which go to make
one single thread) are passed through a big hole of an iron plate and
then through an iron hook and guider to the reel ; filaments from another
lot of 30 to 50 cocoons are passed through another big hole of the iron
plate and hook and the thread is then crossed once or twice with the
above thread and then it is passed through the guider to the reel. The
reel is now turned by a winder and the reeler goes on adding new ends
of 4 or b cocoons when some of the filaments from a thread are exhausted
orbroken. Sometimes when one thread is broken they do not tie at all but
go on reeling, often putting the broken end on the thread already reeled ;
some tie no doubt but leave a big knot which makes the thread uneven.
Then the skeins are prepared and the silk is ready for the market.

What should be done.

1. Thke stifiing of cocoons.—Stifling is a process by which the pupe
are killed inside the cocoons and the moths are prevented from coming
out. If the moths are allowed to come out the fine continuous single
thread cannot be obtained and the cocoons become waste. Hence it is
essential that they should be stifled. There are three conditions for
stifling :—(a) That the filaments of the cocoons should not be spoiled, (4)
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that, stifling should be done as

be economical, quickly as possible, and (¢) that it should

. There are three methods of stifling, (1) b
bo @ . : s y natural heat,
heatbg'r Z}g::ix‘xg the cocoons in the sun, (2) by chemicals, and (3) by
(1) Ordinary breeders i
exposing them );n the sun ffz'naitzgz .‘Zﬂ(:: f(;o{:l(:,);: I b ooy
process is quite impracticable as when dealing v.vit
takes a long  time to kill the pup® or the moths
are exposed to carbon bisulphide in a sealed b;)x
soon stifles the pupe or the moths ( -
for human beings and being an expios
T.here are three methods of sti
direct fire, (5) by hot air, and (
(@) The use of this. method

by
In a big factory this
h large quantities it
(2) The raw cocoons
or vessel. The gas
-ca.rbon bisulphide gas is poisonous
losive its use should be restricted). (3)
fling by artificial heat, (¢) by applying
¢) by steam.
spoiled. fo ¢ is dang(?rous as .cocoons are liable to be
afr i l:'es:her; 1tsh.a chance of t.}}eu' taking fire, (6) Stifling by hot
cteam, (55 b).r o :' -lfsdmethod the air can be heated in two ways, (s) by
bwo, but the st 5 1 done cafrefully there is no difference between the
endertakon Tn - am system 1{3 preferable. (¢) 'This process may be
put in. At the t_WOOden -bctx in which 2 or 8 perforated steam pipes are
which is ther t'm}lxelOf stifling, the cocoons are placed inside the box
whon fie pipen a;eg‘ tly closed so that no steam can escape from the box
the steam pipey l‘Open. The cocoons are stifled in 8 or 10 minutes after
method turnspb da- e dopened. The quality of the cocoons stifled by this
cocoons and ad}?erdi HISb and ,Other impurities fall on the wet steamed
ot 5 sl seule ise Oft lllem. The most simple method of stifling cocoons
e as Iollows :—The cocoons should be placed in a basket
ng pan of water ; the cocoons should be covered with a blanket

or a gunny bag. The ste: : ;
15 or 20 minu:es. © steam from the pan will completely stifle them in

2. S . .
tong. ﬁfg{mgj‘;{ Coc:{).:w.—fDrymg is done to store the cocoons for a
g e quality o the thread becomes a little better by drying
Y cocoons do not produce as many knobs as the fresh or re:\;
coc;o(c;ns. The c0coons can be dried by exposing them in the sun for 4
:;e ; ;};:rorhll)grt l::(}))é)l)i:nf Xnﬁd? hezt. The quality of thredd produced by
rom etter. It takes about 12 h 3 OC
«:on.zp!etely if they are kept at a temperature zlflr:,ltzuilylgs-;z;%o;s
It is important t? dry the cocoons perfectly well. Fungi urowv on thc.
cocoons and spoxl_ themjif\t,he_drying .18 incomplete. The:ocoons kee
& good colour if they are reduced to about 83 per cent. of their origina{)
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weight. The drying is determined (1) by feeling, (2) by weight, and
(3) by judging the time and temperature to which the cocoons are
exposed. Over-dried cocoons turn brown and thereis difficulty in un-
winding the filaments from them. The denier, colour and lustre of full-
dried cocoons are the best.

The best and the easiest way to stifle and dry the cocoons on & small

scale is as follows :—The cocoons to be stifled and dried should be kept
on trays the bottom of which is of iron wire gauze with small meshes
and the trays are kept ina wooden box the bottom of which is of thick
iron plate. There should be an arrangement to keep about 20 such trays
within the box in two rows, the distance of each tray being about 5
inches. On the iron plate a layer of sand of about 2” in depth is
kept ; the box should stand on 4 iron legs at a height of about 4 feet.
from the ground. Now if the lid is covered and heat is applied on the
iron plate the sand in contact with it will be heated and the hot air will
stifle and dry the cocoons in about 12 hours. The heat will not be
uniformly distributed in all the trays ; so that it is advisable to cha.nge
the position of the trays after every half-an-hour or the cocoons will not
be dried together. On the top of the box in the four corners there
should be 4 small holes for the exit of vapour from the cocoons and the
holes can be opened or closed at will. The villagers can easily stifle and
dry their cocoons in such a box. -

Method of storing Cocoons.—Dry cocoons should be stored in a dry
well ventilated room in baskets or on trays over a bamboo framework.
But if these are to be preserved for about a year they should be stored
in wax cloth bags or tin boxes. They should also be protected from the
attacks of insects and fungi. Dry cocoons can be stored in good con-

dition for about a year.
Reeling.

Implements jfor reeling.—The following articles are necessary for
reeling :—(1) Boiling pan in which cocoons are boiled for reeling, (2)
Reeling pan in which boiled cocoons are keépt for reeling, (3) Brush or
broom for picking up the true filaments of cocoons, (4) Reel upon which
the reeled thread ie wound, (5) Porcelain Buttons (Agates) with very
fine holes in the centre through which 5 or 6 filaments are passed, (6)
Pulleys and Hooks for passing the thread easily to the reél, (7) Perforated
bronze spoon for transferring the cogoons from the boiling to the reeling
pan and wvice versd, (3) Guider for winding the thread on the reel
uniformly, (9) Small vessels for keeping cold water and for preserving
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unreelable parts of the cocoons and dead pupe, (10) Water, (11) Fire or
steam, (12) Power, either hand or machine. v

Steaming the cocoons.—To make the filaments of the cocoons loose,
the dry cocoons should be put into a basket over a boiling pan of water
for about 25 or 80 minutes after covering the cocoons with a blanket or
a gunny bag, This method should be adopted if small quantities of
cocoons are to be steamed ; in big filatures a separate room is constructed
for it. Steaming is not necessary during the raing when the air is
surcharged with excess of vapour and the filaments of the cocoons ahsorb
the moisture and thus naturally turn loose. In a humid climate the
process can be omitted. » :

Boiling of cocoons.—The filament has gummy matter outside and
this attaches itself to the layer of cocoon in contact with it ; to separate
it, boiling in water is essential. The temperature of the water depends
upon .the quality and degree of dryness of the cocoons, f.e. raw cocoons
of good quality require 165°-172° F., half-dried cocoons 200°-204° F , full-
dried .cocoons about 200°-208° F. and over-dried cocoons require 212°F.
Cocoons of inferior quality should be boiled-at 212° F. for a long time and
multivoltine (thin) cocoons require less time than univoltine (thick)
€ocoons. . :
First the water is hoiled to the required temperature ; the cocoons are
placed on the boiling pan and they are quickly turned with the bronze
spoon smoothly and uniformly in such a way that all the cocoons are well
soaked with hot water ; otherwise the boiling will be non-uniform. The
quantity of cocoons to be put on the pan at a time depends upon the
capacity of the pan and the skill of the workman. An earthen pan
whose diameter is- about 1 foot is convenient. It is economical to fill
the entire surface of the boiling water with cocoons in one layer and not
one upon another. Heat should be applied uniformly on all sides. For
beiling multivoltine cocoons a pan whose diameter is about 18 inches is
convenient. - R ) .

- When the cocoons are silky to the touch and when the ends of the
eocoons turn grey. it.is usually inferred . they are well boiled; but this
inference does not hold good in all cases. In yellow or bad white cocoons
it is, difficult to distinguish the colour when properly boiled. The time
for boiling: fresh thick cocoons is about 3 minutes while fresh thin
cogoons. require 2 minutes. Stifled compact cocoons require 5 minutes
while stifled . thin cocoons require 4 minutes ; thick half-dried cocoons
require 6 minutes while thin half-dried cocoons require 3 minutes. Full-

SILK-RRELING IN BENGAL 9

dried compact cocoons require 10 minutes while full-dried thin cocoons
require 6 minutes. There cannot however be any hard and fast rule for
boiling.

Disadvantages of over-boiled and under-boiled cocoons.—From under-
boiled cocoons the filaments are often broken as the gummy matter still
adheres, but the quantity of silk is greater. From over-boiled cocoons
knobs come out of the filaments which spoil the quantity as well as the
quality of the thread and produce much waste. :

Searching for the true filaments.—After boiling is done the tru
filaments of the cocoons should be got hold of quickly, An unskilled
reeler produces much waste in searching for these and spoils the quantity
of the raw silk by roughly handling the filaments and turning the true
filaments into waste silk so that the first and the hest part of the cocoons
is turned to waste. The cocoons are invariably turned into over-boiled
ones. As soon as the cocoons are boiled they are removed to the reeling
pan where the temperature of the water is low so that they will not be
over-boiled. The filaments of the boiled cocoons should be got hold of
smoothly by means of the handle of the bronze spoon ; the filaments are
brought to the reeling pan by catching them with the left hand and
preventing the cocoons from unwinding by holding them with the gpoon ;
then the true and uniform filaments are found out. In the course of
reeling many filaments are broken before the cocoons are exhausted ;
these cocoons are boiled again for a few minutes and the brush is now
smoothly and gently used over them to catch the true ends. 1f a large
number of cocoons is boiled at a time it is better to keep some of them
aside near the reeler, for if they are allowed to float on the reeling water
for a long time the sericin is dissolved and there is loss both in outturn
and quality.

Temperature of waler in the reeling pan.—For all kinds of cocoons
the standard temperature is 160°-150°F. ; if the temperatare is higher the
sericin of the filaments is dissolved, many knobs from them come out,
elasticity and tensile strength are lost and many splits come out. If the
temperature is low, the filaments often break and there is much difficulty
in reeling. :

Change of reeling water.—When the water of the reeling pan becomes
very turbid it is better to change it, otherwise the raw silk will lose its
lustre and elasticity. It is not desirable to change the water frequently
for every set of cocoons as the sericin will be dissolved in the fresh water
more freely which will lose the unison and adherence of the filaments
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and their. Tustre. It is also bad economy as large quantities of fuel and
water will be.consumed. -In this connection it may be noted that we
got some silk from the same weight of cocoons by the same reeler in (1)

fresh water, (2) slightly turbid water, (3) very turbid water, (4) water

coptaining solution of crushed pupe. It was found that least time
was taken in (2) aund a greater quantity was produced in it though in
lustre and colour it gave the palm to (1); in (4) the quantity of silk
produced was greatest but the colour and lustre were very bad ; in (3) the
lustre: was very bad: If can be safely.concluded that water, a little turbid,
is suitable for reeling. The turbidity must be constant; in the course
of reeling the turbidity will increasé, so it is advisable to replace. a little
of that turbid-watér by fresh water to make up that loss.

Improved method of reeling on the Bengal mackine.—By the provision
of two extra small aluminium, glass or wooden pulleys or wheels in the
‘Bengal system of reeling machine we have managed to give about
200-850 twists. . It should be noted that in the present system one
thread is crossed with another thread only once ortwice, but in Italy,
France and Japan they give 200-350 twists which make the filaments
round and well-united ; on account of the friction the thread gets rid
of a quantity of water and dries up quickly ; lustre aml other good
qualities of silk are also well maintained. :

One thread (5 to 6 filaments of univoltine and 10 to 12 filaments of
multivoltine cocoons according to the Denier required) is passed through

" the butten hole [Plate II, (1)] and above the upper wheel (2), then it is
taken below the lower wheel (3) and the required number of twists or
croigseurs is given with the former part of the same thread (4) and then
it-is passed through hooks (5) and (t) and the thread is then tied on the
reel. The length of the twists should be about 7 or 8'inches; the
upper . angle (7) sbould be about 85° and the lower angle (8) bhould be
about 25°. The porcelain button.is supported by an iron plate which is
attached w1th a hinge (9) so-that if any knot or unreelable part of 4
cocoon comes Wwith the filaments in the oourse of reeling, the minute
hole of the button will prevent it from passing throngh the hole, but
on account of the tension of the thread from the reel the plate will be
raised by the help of the hinge (9) and thus it will prdvent the thread
from breaking if the winder (10) stops the reel (11) at once. One reeler
(12) can.reel 2 or 3 threads at a time. The part of the thread from 8 to
6 and 11 should be as stlalght as posmble which can be doue by rmsmg

the hook at 8. .

PLATE 11

IMPROVED METHOD OF REELING ON THE BENGAL MACHINE.



PLATE 111

ANOTHER TYPE OF REELING MACH]NI“
(Worked by a foot-pedal.)
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" 'We have been preparing round elastic and good thread at Pusa on
the Bengal reeling machine by this arrangement and it is believed that
if the Bengal reelers start on the lines suggested a great improvement
in quality will resnlt. This arrangemant can also be adopted with profit
in Mysore and Assam. In this method the simple country appliance for
reeling has been improved and yet its suitability for cottage workers
maintained. The expenses to be incurred for the above two wheels
(2) and (3) and the plate with the hinge {9) will not be more than
5 or 6 annas. Many can prepare them in their own plate. Croisseur or
twist can also be given in other ways in the Bengal machine but we
recommend the ubove as it is very economical.,

The Muga cocoons of Assam and the Tasar cocoons of the Centxal
Provinces and Bihar can also be reeled on this appliance, but the’ process
of boiling the cocoons is different. . .

Foot-pedal Reeling Mackine.—There is a sedentary reeling machine
sold by the Salvation Army, The Mall, Simla, for Rs. 25 on ‘which a
recler can wind and reel at the same time. The reel is revolved by the
movement of a pedal  (Plate III). The required number of twists can
be given on this machine, but there is no arrangement to keep the water
of the reeling pan at one uniform temperature. The reeler -also soon
becomes tired as he has to use both his hands and feet.

Throwing the filaments.—In the course of reeling if the filament of
one cocoon is exhausted or if the filament is broken it is necessary to
add another new filament to keep up uniform Denier or thickness; this
is rather a difficult process and should be learnt by practice and obser-
vation, At the time of throwing the following points should” be borne
in mind.:—(a) The part of the filament, which is intended to be thrown
on to the other filaments, should be very short, otherwise there will he
a big knot. (6) At the time of throwing, the band should be turned
vertically downwards (not horizontally = or transversely). (c) The
cocoon, whose filament is to be thrown, should be placed very close to the
other cocoons hanging from the button-hole, or long filaments will come
out and mix with the other filaments in the reeling pan.

Standard number of cocoons for different Denters.-—~The upper layer
of all cocoons contains filaments of greater diameter than the lower
layer so that the diameter of the filaments of 4 or 5 thick cocoons ig
equal to the diameter of 6 or 7 thin cocoons.  The word “thick?’ hege
means “ from- which filament has not been reeled >’ and the word “ thin »
means ¢ from which the filament has once been reeled, but which has
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been broken in the course of reeling.”” The multivoltine races of India
have 14 to 2} “ Deniers’ but the univoltine races have 2 to 4 ‘ Deniers. ?
Generally speaking, thick cocoons have thick filaments and thin cocoons
have thin filaments. The following Table shows the number of ¢thick’
and ‘thin’ cocoons to be taken to produce threads of any required
Denier :— ‘

. . Number of thick x Number of thin
Denier of one coeoon, Deme:v:xf;t:&n.w silk cocoons to be cocoons to be
thrown. thrown.
13-2 8 8 + 2
» . 9 4 + 1
» 10 [ + 0
» 11 0 + 7
”» 12 4 + 8
» 18 6 + 1
”» 14 b -+ 3
” 16 4 + 1
» 16 8 + 0
» 17 8 + 1
”» 18 7 + 3
”» 19 8 + %
» 20 3 + 10
2.2} . 8 2 + 2
» 9 3 + 1
» 10 4 + 1]
» 10 0 + ]
» 1 ;] + 2
: » 12 5 + 0
» 13 b3 + 3
e ’ 14 4 + 2
» 16 4 + 3
24-8 8 2 + 2
o 9 3 + -1
» 10 3 + 2
» 11 4 + 1
) 12 4 - <+ 2
» , 13 3 + 8
» 14 4 + 3
] . 15 5 + 3
and 80 on. :

The filament at the time of fhrowing should be broken by pulling
with the fingers or the filament should be held between two fingers and
then it should be cut by pressing the thumb. The ‘latter method is pre-

ferable. When the thread is broken the reel should be stopped at once

and the broken ends should be tied as quickly as possible and the part; left
after. the knot should be as short as possible. If there is any difficulty.in
finding out the broken_ end on _the reel it can be found out easily by
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rubbing the wound thread with the moistened hand. Sometimes the end
goes inside the reeled thread on account of the quick rotation of the reel.

. _Button, Guider and number of revolutions of the Reel.—The button
should be of porcelain or.agate and its diameter should be about } inch

. and the hole of the button should be very fine or big knobs -would pass

through it and make the thread uneven. The height of the button from
the water of the reeling pan should be about 8 to 5 inches. The guider
helps the thread to wind uniforinly on the reel ; but for it the thread
would be wound on one place of the reel. It helps to make unwinding
easy and the thread to dry up quickly. The number of revolutions of the
reel should be about 125 per minute if the worker is an expert. If the
revolution is too rapid the filaments as well as the thread break easily,
the reeler becomes very busy and consequently the thread becomes uneven
and the elasticity and tenacity of the thread become bad. If the num-
ber of revolutions is too small it requires & long time to reel the cocoons
which are overboiled by remaining a long time in the reeling pan.

The quantity of thread in one skein should be about 7 tolas. Ifthe
quantity is more the silk dries slowly and loses its lustre. It-is also not -
economical to reel less.

Reeling water.—Water is the most important item in reeling as the
quality of raw silk depends upon it. Rain water, spring or river water
and deep well water are generally used for reeling. Of these rain water
is the best. 1t is soft and comparatively pure. River water is generally
soft as there is little mineral matter dissolved in it and hence it is good
for reeling. Deep well water is rather hard.

If the water contains the compounds of calecium or magnesium the
silk will be of a somewhat reddish colour, but if the quantity is small the
colour of the silk will be very white and the silk will lose its lustre. If it
contains iron or copper the colour will be somewhat brownish. If these
compounds exist in large quantities the colour will be deep. : There is no
harm'if 10 parts of calcium sulphate, 5 parts of chloride of lime, 5 parts
of ocarbonate of lime, 5 parts of magnesium sulphate, 1 part of magne-
sium chloride, 1 part of magnesium carbonate, 0'01 part of iron .sul-
phate, 0°01 part of chloride of iron, 1 part of aluminium sulphate, 05
part of aluminium chloride, 50 parts of common salt, 10 parts of
potassium chloride, 0:05 part of sodium silicate, 0:05 part of organic
matter or 03 part of copper sulphate remain in 10,000 parts of water.
The above results have been obtained by the experimental station at
Nishigahara, Tokyo.
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In short, the salts of heavy minerals are most injuriousin réeling silk,
but fortunately there are few of these in natural water. Alkaline salts
are abundant in natural water, specially lime and magnesium salts. Soft
water is more suitable than hard water. Distilled water is not at all
good for reeling as some alkaline matters are necessary for the easy wind-
ing of the filaments from the cocoons. Distilled water makes unwinding
of the filaments difficult, while a ininute quantity of alkaline matter, dis-
solved in the water, makes unwinding easy.

Remedy.—The two following praotical remedies may be adopted :~~
(1) The aeration of water, (2) The filtration of water. By aeration
bicarbonates are precipitated and water becomes softer, but other salts
such s sulphates and chloridee are not precipitated. By filtration some
of the salts are absorbed by the filter materials. Bone and animal char-
cosl are the best materials for filtration, but as they are expensive wood
charcoal, coarse and fine sand are recommended. It is advisable to pass
the water through these materials (charcoal, coarse sand and fine sand) to
the reservoir. The capacity of the reservoir is sufficient when it is capable
of retaining or storing water for the consumption of 3 days. The depth
of water in the reservoir or tank should be about 8 feet. In winter the
filter materials should be changed every two months ;. in summer once a
fortnight. These materials can be .used again by washing and drying
them in‘the sun.

The quantity of water consumed by a reeler is about 4 or 5 mds. per
day. Ordinary reelers should use big earthen jars for storing water.

Clarke’s method of softening water.—Ninety . maunds of water to be
softened are poured in a large cistern. About 1 oz. of quicklime is neces-
sary to soften the above quantity if it is of .ordinary hardness. The
process of softening is as follows :—At first 6. maunds of water are put
in a cistern.or jar into which 1 oz. of quicklime is poured in the state of
milk of lime ; then the water is vigorously stirred by means of a rod and
the remaining water is mixed with.it. The water is allowed to settle
for about 16 hours and then the surface water can be safely used for
reeling, Care must be taken not to add too much quicklime as it injures
raw silk. For tésting the exact quantity of lime necessary to soften the
water the following method is adopted. A drop or two of silver nitrate
solution is poured into a small cup containing the above water ; if the
celour is dark brown it means that excess of lime has been used and more
water should be mixed with it, but if the colonr is light yellow it means
that the correct quantity of lime has been used ; if the solution shows no-
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colour more lime is necessary to soften the water. While testing with
silver nitrate 2 drops of 5 per cent. solution of silver nitrate will be
enough for a cup of water,

Clarifying muddy water.—Alum or aluminium sulphate should be
added to the muddy water. If the salt is powdered and dissolved in
water, mud and other impurities are deposited at the bottom and the
surface water becomes clear, It is advisable to use the mixtures of the
above two salts generally. 05 to 1-36 gms. (of equal quantities of these
two mixtures) are added to about 200 seers of water (ag'eording to the
degree of muddmess) The powdered mixtures should be dissolved in
hot water and then thoroughly mixed with the muddy water. The
wa.ter can be used after allowmo- it to settle for S to 12 hours.

Quality of silk.—The quality of raw silk is determined by the follow-
ing :—(1) Denier, (2) Elasticity, (3) Tenacity, (4) Knobs, (5) Lustre,
(6) Colour, (7) Softness to the touch, (8) Moisture, (9) Twist, and
(10) Quantity of Gum.

The Denier is the unit of weight used in France, 450 metres of thread
weighing 0:05 gm. being equal to 1 Denier legale ; 1 Old French Denier
is equal to 476 metres weighing 00531 gm., and 1 international Denier
is equal to 500 metres Wem-hmO' 005 gm. It is not possible to ascer-
tain the exact denier of a skem of thread. TFrom the different parts of
the same skein 450 metres of thread are taken in 3 or 4 lots ; then
they are weighed separately on the denier scale or balance. The average
denier is consulered to be the actual denier of the skein. The Americans
generally like to have 13 deniers and the Europeans 10" demiers. In
Bengal filatures silks are reeled from 16 te 20 or 20 to 25 deniers and
in Kashmir and Jammu 12 to 14 or 15 to 18 deniers and sometimes 10 to-
12 deniers. The Bengal country reelers reel thread of 40 to 60 deniers.
A sample of silk marked 20-25 for example means that the denier varies:
from 20 to 25 deniers. On the Eprouvette 450 metres of reeled silk can be
measured accurately. The denier is affected by good or bad cocoons, by
good or bad reeling machines, by the skilfulness of the reeler and by the
number of revolutions of the reel. The price of a2 good Denier scale or
balance is about Rs. 30 while that of an Eprouvette or testing machine ig
about Rs. 65.

Elasticity and tenacity.—Elasticity and tenacity are measured by the
Serimetre, but they can only be estimated approximately. Fifteen or
twenty parts of the thread used in deniering are examined on the
Serimetre. The average of these is considered as the elasticity and

c
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tenaeity of the skein. 'The value of these two qualities is affected both
by the individual and corporate filaments composing the thread, drying
and storing of cocoons, the water used in the reeling and boiling pan, the
pumber of threads and the adhesion of filaments in a thread. On an
average if the denier is 9 the tenacity should be about 34 gms. and
elasticity 101 mm., .e. 20 per cent. ; if the denier is 12, tenacity should
be 44 gms. and elasticity 105 mm., ¢.e. 21 per cent. ; if the denier is 15,
tenacity should be 53 gms. and elasticity 109 mm., 1.e., 22 per cent.; and
if the denier is 17, the tenacity should be 60 gms. and elusticity 109
mmn., ¢.¢. 22 per cent. The price of a Serimetre is about Rs. 90.

Knobs and knots.~1It is not possible to get any raw silk without any
knobs or knots, but these should be as few as possible. They can be
reduced by good stifling, storing and drying of cocoons, by selection of
cocoons, by good boiling, by skilful tying and throwing. There are natural
knobs which cannot be avoided but they can be lessened to a great
extent by careful reeling and drying. On the Eprouvette 450 metres of
reeled silk are wound and the number of knobs can be counted in this
length of thread. There is also a separate machine for examining knobes.
In 450 metres, for fine silk 2 large knobs and 260 small knobs (hairs), for
medium silk 3 large knobsand 265 small knobs and for coarse silk 3
larg: knobs and 260 small knobs are allowed.

Lustre and eolour—The lustre and colour of silk skeins are
examined in a dark room, the walls, floor and ceiling of which are
cemented with black tar and the refracted rays of the sun are allowed to
enter into the room in a slanting way.

Softness.—Softness of silk is examined by touch.

Moisture—Silk is quite hygroscopic and under favourable
circumstances_it will absorb as much as 30 per cent. of its weight of
moisture and still appear dry. It is therefore customary to determine the
amount of moisture in each lot at the time of export.

Gum.—By boiling a sample of raw silk in 20 per cent. well-
neuiralised soap and water 50 to 60 times the weight of silk for about 24
hours the quantity of gum it contains may be ascertained. The sample.
should be weighed before and after boiling in the dry state. Generally
gum should be about 25 to 30 per cent. of the weight of silk.

For ordinary reelers these testing machines are not necessary.

Re-reeling.—For export raw silk should be re-reeled on a re-reeling
machine ; but for home consumption re-reeling is not necessary. There
is a great demand for good reeled and re-reeled silk in Europe and

PLATE 1V

RE-REELING MACHINE,




PLATE V

SURAT TWISTING MACHINE,
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America. Re-reeling can be done on the Bengal reeling machine after
putting a skein on a cherky, Three or four skeins can be re-reeled easily
at a time by small boys or girls.

The process of re-reeling is as follows:—One skein of silk (1) is
placed on a cherky (2). The end of the skein is passed through the hook
.of the guider (3) and then tied to the reel (4). Now if the reel is
turned the silk will be wound on the reel (vide Plate IV).

Twisting—Reeled silk can be twisted profitably on the Surat twist-
ing machine. In Bengal, the United Provinces and other places raw
silk is twisted on the Dol. . The working of the twisting machine is as
follows :—The bobbins with the raw silk are placed on the iron rods at J
(see Plate V). If the toothed wheel (A) is turned it revolves also the big
.drum (B) which is connected with the 24 bobbins with separate belts of
thread ; these and the wheel (C) are turned with it. Now the wheel (C)
is connected with the wheels ¥, D and E, and these are turned with
it ; so that by the revolution of the toothed wheel (A) the reels (G) are
turned and single or double threads are wound on them from the bobbins
after being twisted. One single thread from the bobbin is allowed to pass
through the hooks at H and on the rod connected with F so that it goes
straight to the reel and winds up there without getting detached. The
wooden rod connected with .(F) moves to and fro so that the twisted
thread is wound on a width of 3 or 4 inches of the reel and not one layer
upon another. -

Probable ezpendsture and receipts of a small reeling factory of 10 pans.

EXPENDITURE, RECEIPTS.
Rs. Res.
House . . . . . 60 Price of 1874 seers of reeled or
raw silk (done by the ordi-.
10 Reeling Machines . . . 150 nary Bengal reelers) at Rs. 14
Miscellanecus . . . 80 per seer or 2 1bs, . . 2,635
Pay of 10 reelers and 10 winders
for one month . . . . 180 Price of waste cocoons and
Fuel . . . . . 75 ribbon waste . . 75
‘Water . . . . . 13 —_—
‘0Oil and sundries . . . Total . 2,700
76 maunds of cocoons at Rs. 26
per maund . . . . 1876
* Total . 2,378

* N.B.’—Caftsge, supervision, interest on the capital and cost of drying and storing of
fi)%oons have not been taken into consideration. 40 seers = 1 maund =82} lbs,, 1 fola=
‘8 gms.
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Reeling is a profitable industry and can be carried on with hired ﬂsricuefurae @eﬁ'earfg 3n5tttut¢, (puﬁa
labour on a big or small scale. It should only be done on a large scale ) B
after experience has been gained. ‘ - o
Packing for export.—The end of each skein should be kept in a
prominént place in the middle of the skein, tied with a little white
cotton thread so that there will be no difficulty in its being picked out.
by the weavers at the time of unwinding it. To prevent it from
gztting entangled in the skein the latter shog\;.ld be tie}i) smoothly near . The ACld Secretlon Of the Gram Plant
the end which should also be tied with it. All these operations should
be done when the skein is on the reel. Before preparing the ClCCr arletlnum
skeins the raw silk should be perfectly dry; they should be neat and o '
uniform in appearance and should be made by expert hands. About 30

skeins should be put in one bundle keeping the top part of all the .

skeins on the same level. The bundle should be tied with thick and o

coarse cotton thread neither too tightly nor too loosely ; then it should ' ‘ BY

be wrapped in some strong and smooth paper (parchment better) ; 15 of - ' :
these bundles are packed together and make what is called a bale. The D. L. SAHASRABUDDHE, B.Sc., L.Ag,,

ba'le‘sh‘ould be wrapped with wax clothand packed tightly in a strong
dealwood box. The boards of the box must fit tightly and some cross
pieces of wood or iron bands should be used to prevent the box from
breaking. The box should be wrapped in guuny and then addressed
and marked. It will then be ready for despatch,

Advice——1If any doubts arise reference can always be made to the-
Imperial Entomologist, Pusa, Bihar, for advice and information which
will be given to inquirers as far as possible.

Assistant Professor of Chemistry, Poona Agricultural College.
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THE ACID SECRETION OF THE GRAM
PLANT, Cicer arietinum

Introductory.

The most common of all the pulse crops in India is gram (Cicer aric-
tinum) which occupies annually more than thirteen million acres. It
grows almost exclusively as a rab¢ crop and, in growing, it haslong been
known that the plant secretes and deposits an acid liquid all over its
surface, The existence of this secretion, which can hardly remain un-
noticed by anyone who walks through a field of gram in the early morn-
ing, has long been known. Collected in a way shortly to be described,
it is used in medicine fairly extensively in Western India at any rate,
being known in Marathi by the rame ¢ 4mb.’ The interesting nature
of this sccretion attracted the writer’s attention some years ago, and the
present is an account of the results of an investigation into its nature, its
variations, its quantity, the mechanism of its production, and the
possibility of making a larger use of it than is done at present.

The history of our knowledge of this secretion goes back more than
a century, for Hove in 1787% noticed its utilization in Northern Gujarat
where he says © On the road to Dowlat (a village about 7 miles from
Dholka), we met with numerous women who gathered the dew of the
grain, called by the inhabitants ckana or gram, by spreading white calico
cloths over the offspring, which was about two feet high, and so drained
it out into emall hand-jars. They told me that in a short period it be-
comes an acid, which they use instead of vinegar, and that it makes a
pleasant beverage in the hot season when mixed with water : as likewise
they used it as an antidote for the venom of pernicious snakes..........
1 tasted the dew, but found it of no particular taste, except rather
gofter than common water, as it is peculiar to the dew.”

* Hove—Tours for Scientific and Eoconomical Research made in Guzeral, etc., in
1787-88. Bombay 1855.
B
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Whether as a result of Hove’s observations or no, a considerable
amount of interest was roused in the beginning of the nineteenth century,
and the secretion was examined by several European chemists* the
principal result of which was to indicate that the secretion is acid, and
that the acidity it contains is due to malic acid, oxalic acid, and a small
quantity of acetic acid.

This represents the state of information which has remained on the
subject to this day ; the numerous references to the acid secretion of the
gram plant (which are found summarised in Watt’s Dictionary of the
Economic Products of India, and in the Pharmacographica Indicat)
adding nothing further of any importance.

A preliminary study of the secretion from the gram plant, both as
collected by ourselves by washing the plants with water, and as bought
in the bazaar, was first made. The liquid was boiled with lime water in
the presenco of slight excess .of acetic acid. A white precipitate was
formed which proved to be calcium oxalate, showing the prescnce of
oxalic acid in the secretion.

The remaining liquid was neutralised with lime water, and evaporat-
ed until a finely crystalline precipitate was obtained. The precipitate
was rapidly shown to be either calcium tartrate, citrate, or malate. The
actual nature of the precipitatewas shown by the following tests : —

(1) On addition of lead acetate to a solution of the acid or of the

caleium salt, a white precipitate was produced, soluble on

heating the solution. This is a characteristic of malic
acid.

{2) On addition of B-naphthol in strong sulphuric acid to the acid
liquid or to a solution of the caleium salt, a yellowish green
coloration was produced, which turned bright yellow on
heating and bright orange on dilution with water. 'This is
a very delicate test to distinguish malic acid from other
organic acids.} !

(3) The silver salt of the acid was prepared, by adding silver
nitrate to a solution of the calcium salt, and from this
the molecular weight of the acid determined,

Journ. 11-270 3 1V-66. Dispan,—Scker. Journ, 111-449; VIII-272. Also see Boussingault.
t Watt— Dictionary of the Ecomomic Products of India, Vol. 1I, pages 282-4.
Pharmacographica Indica, Vol, 1, page 489.
1 Jowurnal, Soc. Chem, Ind., 1897, page 361.
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0:195 gramme of the silver salt gave 0'121 gramme of silver
on heating. Taking the acid to be dibasic, this is equivalent
to a molecular weight of 134:09, The actual molecular
weight of malic acid is 134.

There is therefore no doubt that the acid which remains after the
separation of the oxalic acid is malic acid,—and the composition ascribed
to it by the chemists above quoted in the early part of the last century
was correct. It consists, in fact, essentially of malic acid, with a vary-
ing proportion of oxalic acid, and a trace of volatile acids only amounting
to 0-2 per cent. A detailed study was therefore undertaken, of which an
aceount will be given dealing with the following points :—

(a) The amount of acid secreted by the gram plants at various
stages of their growth, and its nature at these stages.

(6) The method of production of the acid, that is to say whether
its production is a continuous process.

(¢) The part or organ of the plant involved in producing the acid
secretion,

(¢) The total amount of acid produced per acre.

Experimental.
(@) The Amount and Nature of Acid scereted at various stages of growth.

The investigation of the amount of acid secreted by the plants at
various stages was conducted by growing the gram plants under
precisely similar conditions in pots sunk in the ground and containing
the same kind of soil, Three seeds were sown in each pot, and each
week the plants in one pot were uprooted, their roots cut off, and they
themselves carefully washed with water. After extraction the plants
were dried and weighed so that the amount of acid could be calculated
on the basis of the dry matter contained in the plants. ~ The total acidity
in the extract was determined by titration with decinormal caustic
potash. In another portion the volatile acids were distilled with steam,
and the oxalic acid determined in the non-volatile portion by the precipi-
tation with lime water. The remaining acidity was due to malic acid
and was calculated as such,

The following table shows the results of such actual determinations
at every stage in the life of the plant. The plants used for the
examination of the acids during the early stages in the growth of the
plant were a different series from the others and were planted later. All



4
4 ACID SECRETION OF THE GRAM PLANT

the p'ots however received the same treatment except that those marked
‘P’in the table were pruned in the fifth week of their growth, while
the others marked ‘N’ were allowed to grow without any inter-
ference :—

Aecsd in Gram Plants.

- " p
£ g5 (&8, |8 |KF
Bole | 58 | s8 .
q A e 23 B :g k]
. & -
Date on which acids z - = 8 o g ‘g
were exbracted. 2 |2 2k k1 g REMARKS,
— Q Rt o oy LS
R
HE g (9
% ?ém Al 28 | o8 F§§
21st January 1914 2 0'88 . R o
7th » ,, 3 0°58 e Tender Plants,
I4th ” 4 075 . o
12th February 1914 5 18 »
1th w o] 6 10 }mw"in“'
26th  ,, » il
7 10 . « | Pods appearing.
5th March 1914 . | 8 1-8%
1oth ) . ) }Pods with geeds not
9 194 | .. well developed,
16th December 1913 .| 10§ B-| 23 | 258 o1 | .
{N 20 22, o1 P%ds vlvith 3eeids well
ath o, o u{k| 23| 22 015) oo [ pods o
o {N. 9| 21 03] on pods.
st ., Pl 271 30 | 015 o
’ lz{N, 29 o 014 88(1)6 }Seods developed in
w3 o1 » 285 - many pods.
th January 1914 . . : 01 "
y 13{N. 2.9 26 014 gggi }Seeﬁs t(iieveloped in
all pods.
Mb o, o, . 1B 26| 30 10
14{ N| 25 | 28 | os! 0004 }“1‘“” turning  yel-
ow.
218t , . Jd1dP 2:3 24 01 0005 | Leaves yollow,
) ! {N . 19 21 01 0004 | Pods dr’;ing.
2_,8th » » 16 21 23 013 | 0004 | Pods almost all dry.
4th Feoruary ,, o 17 15 16 016 | 001 | The whole plant dry.

The ﬁgul:es in this table are of considerable interest.

Total acidity.—Yf we express the total acidity as the number of
gramumes of caustic potash required for neutralisation for every hundred
grammes of dry matter, it will be at once noticed that there is & marked
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and fairly sudden rise in the amount of acidity at the time of flowering,
after which the quantity remains steady until the pods are formed.
When this occurs there is another rapid rise in the quantity of acids
produced which is maintained until the plants, including the pods,
begin to dry when the quantity rapidly declines. It is evident that
the maximum amount of acid corresponds with the full development
of the pods, and before they have begun to dry.

Malic and Ogalic Acids.—The proportion between these acids is
wonderfully constant from the tenth week onwards. No direct deter-
mination of the two acids was made at earlier stages than this, as the
total quantity obtained from the plants was very small. In the remain-
der of the life of the plant the acid, on the average, consists of 94 per
eent. of malic acid and 6 per cent. of oxalic acid. The relative amount
of oxalic acid is highest when the plants are dry, but for the rest is very
constant. The following table shows the composition of the acids in
each week after the tenth, in the normally developed plants, without
pruning :—

detds sn Plants grown normally.

PERCENTAGE COMPOSITION,
Week. \ . .
Malic Aid. - Onli acid. | Yombile acids as
Per cent. ‘ Per cent. Per cent.
10th week . . . 958 : 4-2 Not determined.
1th ,, .. 929 66 05
12th ,, . . . 943 | 55 02
N I

18th .o 97 | 51 02
14th . . . 958 ' 41 01
15th .. 953 46 01
16th ,, .. 045 54 01
17th L. 904 91 05
Average . 942 56 02
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In Phe plants pruved in the fifth week the relative amount of the
two acids does not - differ materially from that in the plants grown
naturally as the following table will show : —

deids in Pruncd Plants.

PERCENTAGE CoOMPOSITION,

|
-

Wecek. :
1
Malic acid. Oxalic acid. |  Volatilo acide as
| Acetic Acid.
_ o <
SRl R
Per cent, Per cont. Per cent,
10th weck . . . 959 41 Not determined,
ilth . . . 94-0 56 04
12th ,, . . . 949 48 l 08
13th ,, . . . 96'8 30 02
14th ,, . . . 96-6 32 02
15th c. . 958 40 ! 02
|
\ .
Avorage 957 41 f 02

ij‘ect o/ pruning on acidity.—~While however the composition of
the acids from the normally grown and from the pruned plants is
a.l?proximately the same, the amount of dry matter per plant is greater
with the pruned plants and the amount of acids per one hundred parts
of dry matter in the plant is considerably greater. The difference in the
amount of dry matter per plant is shown in the following table : —

[ .
Week. Pruned Plants. Normally grown plants.
Dry matter per plant. i Dry matter per plant.

1
Grammes, I Grarmes.
10th week . . . . . . 43 i 38
12th . . . . . 87 | 81
1
13th ,, . . . . . . 11-2 | 89
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The increase in the amount of acid produced per 100 parts dry matter
is considerable, thus— .

(1) in the 10th week, the pruning increased the amount of acidity
(total) by 15 per cent.;

(2) in the 11th week, the pruning increased the amount of acidity
(total) by 21 per cent.;

(3) in the 12th week, the pruning increased the amount of acidity
~ (total) by 23 per cent.;

(4) in the 13th week, the pruning increased the amount of acidity

(total) by 30 per cent.;
(6) in the 14th week, the pruning increased the amount of acidity
(total) by 4 per cent.; ‘
(6) in the 15th week, the pruning increased the amount of acidity
(total) by 21 per cent.
This is probably due tothe increase in the number of pods by pruning
as it will be shown later that the acid-secreting apparatus is most highly
developed on this part of the plant. '

(%) The Method of Production of the Acid.

An interesting question arose at an early stage in the present investi-
gation, as to whether the production of acids by the gram plant is a
continuous process, and, if so, how rapidly it takes place. Toinvestigate
this point, four strong plants aged ten weeks were selected. Of these
plant No. 1, was washed daily, plant No. 2 was washed every second
day, plant No. 3 every fourth day, and plant No. 4 every sixth day.
The amount of acids in the washings was determined as usual by titra-
tion with decinormal caustic potash, and the amount is indicated in the
following table by the number of cubic centimetres required.
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Aetds from Plants washed at different intervals.

(In cubic centimetres of decinormal caustic ‘potmh required to ncutralise, per plant.)

Washed Washed Washed Washed
Days. every day. everg‘ ;(icond ever(_yl!‘I ;(furth even(-iynys.lxth
(Plants 10 weeks old.)
First day S . . 360 371 834 81-8
Second day . . . . 52
Third day - '. . . . © 64 181 -
Fourth day . . . . 67 v
Fifth day . . . . 61 12-3 274
Sixth day . . . . 63 e
Seventh'day . . . . 49 109 v 373
Eighthday . . . . 31 -
Ninthday . . . |- 61 | 100 189
Tenth day, . . « o Omitted. T .
Eleventh day . . . ' 72 84 .
} (two days.)
Twelfth day .. . . . 43 e o e
Thirteentl._l day . . . ’ 44 84 23-4 372
Fourteenth day e . . 47 .
Fifteenth day . . . . 56 140 130 158
Total excluding first washing 689 771 827 908 ’
Total including first washing . 104°9 114-2 1161 122-1

One thing appears clear from these figures, The plant is continually
producing aeid, and it is secreted in sufficient quantity for the amount
normally found on the plant to be produced in a week. It matters little
apparently whether the washing be done daily or at less frequent
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intervals : in all cases the original amount, approximately, is reproduced

after six days, thus : —

.| Acid obtained | Acid obtained '
—_— Original a after six after secomd .
amount acid. days. six days.
1. Plant washed daily. 360 845 241
2, Plant washed every twodays Rt 363 26-8
8. Plant washed every six days 313 37'8 379
. . 4 ) N

This does not go on, however., The continual washing appears to
exhaust the acid-producing power of the plant, and in the second period
the quantity produced, with frequent wushing, is much smaller—while
when the washing only took place aftér six days, it is undiminished.

It is evident, on the other hand, that washing up to a certain
point stimulates the production of acid. As has already been seen in the
first table, the total acidity which can be obtained from a gram plant
which has not been previously washed, while increasing towards maturity,
yet does not increase very much after the eighth or ninth week of growth.
But the continual washing in the present experiment has led to the
reproduction in fourteen daysof from two to three times the original’
amount. TLis is shown in the following table :-—

| .
idi o | Acidity in )
A::S;;l{u(;q 'ﬁlr’t fourteen days | Percentuge
R— " plaunt d  following, per | increaseof
(c. o. decinor- | plant total acids by
mal potash). (im‘;-li‘;il:}sf' washing,
B h | 7
’ ) Per cent.
1. Plaut washed daily. . . 360 | 689 T
2. Plant \;'nslled every two days . . 371 ‘. 71 | 208
3. Plant washed every fourtb day . 334 l 827 - 248
4Plaut washed every sixthdsy . .| 313 | 908 . | . ' 200

If ohe iobks, therefore, on the Prodﬁction of acid by tl‘1e>gram‘ plans :
a8 & possibly ‘commercial process, the ahove conclusively. proves that
washing thé plants often will always increase the’ quantity of acid
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secreted,—and the only thing now to determine is the most favourable
interval between the washing of the plants with a view to collect the
largest quantity of acid. So far as the writer’s experiments go, this
interval may be fixed at six days. With shorterintervals, as already
indicated, the quantity produced tends to decline rapidly ; if the acids
-are only taken once in six days it remains constant within the limit
of these experimente,

(¢) Part of the Plant whick produces acid secretion.

The production and secretion of malic and the other associated
acids in the way described is such a curious phenomenon that it
became of great interest to ascertain the actual organs of the plant
engaged in producing them. In doing this the writer has had the kind
assistance of Mr, H. M. Chibber of the Poona Agricultural College
which is herewith acknowledged.

The gram plant is a small herb with fibrous roots. The entire plant
above the cotyledons is covered with hairs of one kind or other. In the
flower, the calyx and ovary are also provided with this hairy covering.
'The hairs are of two kinds, simple, and glandular, The simple hairs are
unicellular, thickwalled and empty, with hardly any calibre. They
measure about a third of a millimetre in length, and are present
-everywhere except on the ovaries or pods. The glandular hairs are
found on all parts, intermixed with the simple hairs, except on
the ovaries on which only glandular hairs are present.

The leaflets have hairs of the two types mentioned above, on both
the surfaces, but thelower surface is more densely hairy. About three
glandular hairs and twelve simple hairs are present per square millimetre
.of the upper surface, while as many as eight glandular and twenty-six
simple hairs go to thesame area of the lower surface. The glandular bairs
are thickest on the pods ; even stomata are absent. These hairs on a
full sized pod numbered about twenty to a square millimetre. They
are also longer on this organ of the plant than eclsewhere. Here they
measure about four-fifths, whils elsewhere only one-half a millimetre
in length. But for the differences in the density and size noted above
the glandular hairs are similar all over the plant. Each hair is com-
posed of a multicellular stalk, and a multicellular knob. The knob is
about a sixth of the total length of the hair, and is about twice as
long as it is broad, The knob is in other words oval in outline, As
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regards contents, the stalk cells are clear, the knob cells alone are
filled with highly granular faint yellow contents. The knobs show a
distinct acid reaction, and their contents are coloured an intense yellow
with dilute caustic potash solution.

The peculiarity of the gram plant is then that it has bairs with
knobs and these especially on the pods. In order to ascertain whether
these hairs have anything to do with the production of acid, an ex-
periment was made as follows.

Some gram plants were taken and the acids obtained by washing the
pods and by washing the rest of the plants were separately extracted
and the dry matter of each weighed separately. The results were
found to be as follows :—

Malic acid per 100 Oxalic acid per 100
—_— gms, of dry matter, | gms. of dry matber.
gms. gms.
Pods with sceds removed . . . 1624 07
Gram plant after removing the pods . 05 002

"This shows that the amount of acid produced is far greater where the
knobbed hairs are most abundant than anywhere else in the plant.
While not proving that the knobbed hairs are the actual producers of
the acid, it renders this conclusion a probable one.

(d) The Amount of Acid produced per acre.

So far the nature and the quantity of the acid secretion, the stage
in the plant’s development when it is most abundantly produced, and
the organ which probably produces the acid have been considered, but
only individual plants have been cited. It is important to ascertain
what i the amount of acid which can be obtained from a field of gram
a8 ordinarily sown. The method, usual among the people, of collecting
the acids was adopted, and was as follows:—A piece of clean cloth was
tied to a stick. The piece of cloth was first dipped in water and the
water wrung out as far as possible. This cloth was then slowly drawn
over the gram plants to absorb the acid liquid on the plants. When the
cloth was sufficiently wet it was wrung into an earthenware vessel and
this was continued till the whole plot had been treated. From the liquid
thus collected from a plot of 13y acre, the acids were estimated and
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caleulated for one acre. The acids were removed from the plot every
week from the fourteenth to the eighteenth week. '
The following table shows the acids calculated for one acre :—

‘Malic acid per ncre | Oxalic acid per acre
Age of the crop in wecks, . for that week 1 for that week
in ginmmes, | {n grammes,
14th week . . . . . ‘384 : 16
Bth o, . . 34 ‘ 16
T .oer 119
L 217 | 9
|
Wwh L, . L, 787 ] 33
Total . 1,3434 562 -

The removing of acids was startel too late to get the maximum’
quantity. . ,

If one calculates from these results the probable yield inacid of a
field, from the ninth to the eighteenth week, the total amourt of malie
acid per acre will be 2,686'8 grammes. The removal of the acids from
one acre of gram fakes ane man ‘about four hours, and hence the cost
of obtaining the above .amount (2,686'S grammes) of malic acid will
be about R14.

It is well known that the removal of this acid secretion from the
plants in the manner here described has no effect whatever on the
vitality of the plants. In the experiments recorded above even the daily
washing of the plants with water did not apparently affeot them, and
any malic acid thus produced will be obtained without in any way
injuring the crop, or reducing the yield of the seced.
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PREFACE.

E have in India three important classes of insects which yield
products useful to man. They are Silkworms, Lac-insects and
Honcy-bees.  Practical directions for the cultivation of both Eri and
Mulberry Silkworms and of Lac have already appeared in this series (Pusa
Bulletins Nos. 29, 89 and 28). The present Bulletin provides similar infor-
mation regarding Honey-bees and Bee-keeping in India.

Thirty-five years ago Government inquired into the question of Bee-
keeping in India and published the replies from Local Governments under
the title of “ A Collection of papers on Bee-keeping in India ” (Calcutta ;
1883). A few years later Mr. J. Douglas brought out a small Handbook
of Bee-keeping in India (Caleutta; 1884) ; this is now long since out of
print and unobtainable. After this the subject seems to have languished
for many years, although bees were kept in frame hives by a few people
in some of the Hill Stations. In 1907-08 a few colonies were brought to
Pusa from Simla but these were not successful and soon died out. In 1910
and again in 1911 we imported European Bees and tried these at Pusa and
in the latter year I published notes on Bee-keeping and on Wax-moth in the
Agricultural Journal of India, Vol. VI, Part IV, and projected a further series
of articles and a practical manual on the subject. My transfer to Madras and
pressure of other more urgent work has delayed this and this Bulletin has been
prepared for present use by Mr. C. C. Ghosh, who has acquired some
knowledge of bee-keeping mainly under my direction. It is frankly to a
large extent a compilation from various excellent manuals on the subject
prepared in Europe and America but these of course do not deal with Indian
bees or Indian conditions, nor are these books readily accessible in India;
go that it has been necessary to add some account of Indian bees and of the
modified form of Standard Frame-hive which has been found practically
useful with Apis indica, the only Indian wild bee which it seems possible
to domesticate in any way.

It is hoped that this Bulletin may be useful to bee-keepers and would-be
bee-keepers. There is a large scope for bee-keeping in India, especially in
the Hills. The native Indian bee is common, easily obtainable almost
everywhere and easily kept in frame-hives, except that it often shows a
te'ndency to desert the hive after a few months; a drawback isits small
yield of honey, which only averages about five or six pounds per hive yearly.
In orchards and similar places, where bees are required to pollinate flowers it
should, however, be well worth while to keep these bees for this end alone.

B
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i PREFACE

Bee-keeping cannot be looked on as a source of income in India except
perhaps in a few exceptional localities and even then only in cases where the
bee-keeper is a practical expert willing and able to take the necessary trouble
to attain results; bee-keeping is not a short cut to fortune anywhere,
probably less so in India than in most other countries. It is necessary to
say this because we frequently receive inquiries from correspondents who
suppose that they have nothing to do but get a few bees and leave them
to produce honey and wax which their owner has only to collect and sell
without any trouble or expense. We can only recommend beginners to
start on a small scale, at first with two or three hives at the most, and to
add to these only as they gain experience.

T. BAINBRIGGE FLETCHER,

Imperial Entomologist.
Pouss;

26th July 1914,
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BEE-KEEPING.
Introductory. '

Honey is so much prized that the idea of being able to keep bees axfd
make them produce honey for the use of their owner possesses a charm in
itself. Bees being very common in India, honey is obtained simply for the
labour of gathering it. Therefore many think that bee-keeping is very
simple work. It is simple enough if by it is meant giving shelter to the
bees—because bees come and build combs wherever they get suitable shelters—
and taking the honey when it is gathered. Bee-keeping as practised in India
all over the Hills, is of this description. The writer has come across hill
bee-keepers, some of them four-score years or more old and keeping becs
from their boyhood, who do not know even the elementary things about
bee life and describe the queen-bee as the King simply directing the colony
by Ats orders and not doing anything else, and the worker bees as females
who amongst other work produce young bees only once in the year. It is
therefore no wonder that, though bees have been known to exist in India
from time immemorial, bee-keeping has made little progress and has remained
in the same condition for ages. Enormous quantities of honey are produced
but as no one knows how to take out the honey from the hbees’ combs in a
pure state, it ferments soon after being gathered and is reduced to the
condition of thin jaggery or molasses. Sometimes it is worse than molasses

‘on account of its possessing a bad odour due to fermentation. This honey

is stocked for sale by grocers all over India, because there is a demand for
honey for medicinial and other purposes. While holding the belief that this
thin syrup sold as honey is adulterated, all purchase it because better honey
isnot available. As a matter of fact this honey may be pure in the sense
that it has been gathered from honey bees and has not been mixed with any
foreign stuff. But fermentation has produced the change and has altered
the properties altogether so that it can no longer be considered as honfzy.
This is due to its being gathered in a crude manner so that fermentation
sets in within a month or two of its being gathered. Therefore it sells at a
very low price in the honey season, at the rate of up to 8 %bs. per rupee or
more, People purchase and eat it. Imported honey, being gathered in a
proper manner, keeps for years and is sold at a rupee a pound. It must be
noted here that it is not always safe to accept all imported honey as pure.
Adulteration has been carried so far that even in countries like America
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where bee-keeping has made vast improvements, samples offered for sale as
pure honey do not contain even a drop of natural honey in some cases.
The honey that has been produced at Pusa according to modern scientific
meth.ods has been adjudged by dealers at Calcutta no way inferior but rather
superior to the imported honey. This honey has been kept for years. If
gathered in a proper manner there is no reason why the vast quantity of
honey that is annually obtained from bees in India, should not similarly
kefap. It can then fetch a much higher price. The honey gathered in the
Hills does.not go bad so quickly and may not go bad for a considerable
length.of time, on account of the cold which retards fermentation. [Hence
the Hill honey sells at a very high price, its average rate being about $ to
10 annas A pound. In the Darjiling Jail the honey sells at a rapee a pound,
a;lthough it too ferments after some time when brought down to the Plains.
Pure honey isa rarity in India although honey is so common. For a
pure stuff people are willing to pay a price of 8 as. a pound wherever
offered. They consider this price very cheap. As a matter of fact cven if
?ffer?d at as. 12 or more for a pound, the demand will be found more than
it will be possible to meet for some time. The market is ready but the
produce itself is wanting. ’

“’Vhat is needed at present is the introduction of improved methods of
keeping bees and a spread of the knowledge of proper methods of taking out
the hor'zey from the combs and of taking proper care of the honey. 'l‘hi: will
vastly improve the present conditions. Introduction of improved methods
of bee-keeping will increase the production of honey. As u conerete instance
of what i.mproved methods will do, the case of the United States of America
may be cited. The old methods practised there were about the same as those
followed in India. In 1850 the production of homey and wax there was
together about 14,800,000 lbs. The improved methods were introduced
about 1853 and the production of honey alone in 1860 was about 23,400,000
1bs., the wax produced in the same year being abont 1,830,000 Ibs. In 1,900
the produce of honey was about 61,200,000 lbs. and wax about 1,800,000
!bs. .In- India such results cannot be expected because the bees ’herc: are
mfenfn' in many respects to those of America. But still it is certain that
adoptl?n of improved methods will increase the production at least twofold
fmd with a good gathering bee the produce may be twenty times of what ii’:

is a? presen't. Proper methods of extracting the honey and a proper care of
it will save ib from going bad. It can then be sold for its proper price and
a vast amount of money' that is now wasted will be saved.

Bee-keeping. is best commenced with bees which are available locally
becanse the beginner is sure to make mistakes and cannot afford to make
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experiments at the risk of loss. Therefore all intending bee-keepers should
commence with the indigenous bees and with cheap hives made out of
ordinary kerosene packing cases which are available everywhere in India,
The beginner will have a small return in the shape of honey and in addition
that acquaintance with bees which is essentially necessary to sucecessful
bee-keeping. He can then confidently invest money in purchasing improved
races of bees without the risk of loss.

In this Bulletin an attempt has been made to acquaint the reader
with the principal features of the life of the honey bee, also with the
indigenous bees and the prevalent methods of keeping them. An endeavour
has been made to make the aspects of bee-keeping in India clear, Detailed
instructions have been given, with illustrations wherever necessary, as to
the up-to-date methods of keeping and managing bees, together with plans
and figures of hives and all other mecessary appliances. The appliances
recommended are of such a nature that with the exception of a few they will
suit both the indigenous and the European bees with slight modifications in

usc.

Tt is essential for the spread of modern bee-keeping that hives, frames,
etc., which are used in it, should be of a standard size and all bee-keepers
should adopt this standard, The advantages are obvious, when the parts
are interchangeable. If properly carried on, bee-keeping is sure to spread
and as in Western Countries individual bee-keepers are sure to arise who
will own several dozen or perhaps even several hundred colonies. It is
essential for individual bee-keepers to use materials of the same size in all
hives becanse it is frequently mecessary to take frames of combs from one
hive and put them in other hives. Similarly standardization is essential
for co-operation among all bee-keepers. In India a beginning has to be
made in modern methods of apiculture and every hive that is used has
to be made. Tt will therefore be easy to introduce any standard. It seems
advisable to adopt the standard followed by the British Bee-keepers’ Associa-
tion. The materials are as simple as may be under the circumstances, and
as there is a large demand for them most of them are turned out by
machinery and are therefore supplied cheap. Adoption of any new standard
will hinder the progress of apiculture as there may be difficulties about their
manufacture and supply. Further, if it is desired to import European bees,
it will be still more advisable to adopt the European standard so that keepers
of the Indian bee can also keep the European bee without any additional
expenditure in materials. The British Bee-keepers’ Association materials are.
made to suit the European bees hut have been found to be suitable for the

Indian bee with slight modifications in use which have been.noted where
B2
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necessary. For the Indian be it is essential that the framss should be
placed in the Live across the entrance. For the European bees they may
be placed in the same way or parallel to the entrance. Thercfore in all
hives.we place the frames of combs across the entrance, so that the hives
may be used both for the European and the Indian bee.

Further, the aim has been adaptation to prevalent Indian conditions
rather than costly innovations. In many places bees are found in empty
kerosene boxes and recesses in walls. Instead of discarding these kerosene
boxes and wall hives, they should be converted into modern hives, Full
directions are given as to how they can be thus converted.

The Bee.

The bee is a common insect, familiar to all. If we catch onme and -

examine its body and limbs we find what is diagrammatically shown in
Figure 1. The whole body is marked out into three distinct parts by means
of intermediate constric-
tions viz.,, head, thorax
and abdomen. The head
bears (1) a pair of big
eyes, one on each side,
(2) three small shiny
eyes on the upper sur-
face, called ocelli or
simple eyes, (3) a pair
of feclers called antennw
(singular, antenna), (4)
a pair of jaws which can
be used for cutting hard
substances, (5) a tongue
covered by the sheaths,
By means of the tongue
the bee sucks nectar
Figr 1,—Disgramumatic illustration of a bee, from flowers. The
thorax bears two pairs of wings,—one pair on each side —and three pairs of
legs. The bee can both fly and walk, The abdom:n bears at the hind end
the sting Wwhose acquaintance almost all have occasion to make. The bee,
‘however, is not born as we see it. The mother bee gives birth to an egg and
after the egg-stage two distinct and altogether different-looking stages have
‘%0 be passed through.before the bee appears as we see it.
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Development of the ‘Bee.

The transformations of the bee are illustrated in Figurf; 2.  The mother
bee lays the egg (Figure 2a) which is a short delicate white tubular strue-
ture and slightly curved on one
side, From this egg a tiny white
legless wormlike grub hatches
(Figure 3B). The grub feeds and
growsin size (Figure 20) and when
fullgrown and fullfed, transforms
into pupa (Figure?2¢). The pupa
is similar in appearance to the bee
having developed legs, mouth-parts
and all the appendages of the body.

Fig. 2.—Development of the bee. But these appendages are folded
(a) Egg ; (b) Grub; (¢) Pupa. (All are magnifiel.) on the body and are not capable of

being used. The pupa is the resting or sleeping stage @nd f;OItn ;; ]tahi a.tct;;rle
busy bee is born. Theadult bee is capable of taking care Odl se tu in -i
three earlier stages of development, ¢.¢., in the egg, grub afn thpupz:,1 sl:%es, i
is helpless and has to remain in the comb under the f:are of the adult bees,
Figure 3 illustrates how these stages are passed. in the coillﬂ;'. ' The honey
comb,"as every one knows, is a double series ?f hor}zon?al we ]:]11\; ch;mbsrs
attached back to back and opening in opposite ;dlrectlonﬁ. . ac.te ; :mt ;ler
is called a cell and it is hexagonal in shz?pe. The eg;g};1 is GPOSI; . ySAe
mother bee at the bottom of the cell, one 1n eam.ch, as 8 ozvnFl.n lggrlg It_}
The egg stands on one end. The young grub is ShO;VI} @ 'l(%elge -th,f Od
lies at the bottom of the cell in a curved posture and 1s provi wlI :h
by the adult bees which are therefore called nurfse-bees or nurses. In t }(:
first three days of the life of thg grub f:he”tood. prov1de<§ is a ve;‘ydng
nitrogenous liquid substance called * Befi-mllk, believed to e os(.lscrelx,l e , 0{1
the nurse-bees from some glands in their head. ~After this period, the o :
given is a sort of a paste, called  bee-bread ” prepared by the nu}'se-bees vvgt
pollen principally, and a little honey and_water.. A large quantltyTof food is
not given at a time but only so much as is required by the .grub. he nurse-
bees therefore have to watch the grubs constfmtly .and.thls they do unceas-
ingly. Figure 8C shows how the grub remains .0011ed in the cell wher.l it is
gr?)Wn and ultimately stretches itself and occupies the cell 1ef1gthw1se as
shown in Figure 83D. When it is full grown it dob.s not require any more
food -and the nurse-bees close the mouth of the cell in Orde}' to provide it
witha snug closed chamber in which it may pass the r.esbmg pupal stage
undisturbed. As a further protection the grub itself lines the closed cell
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with a very thin layer of silk exuded from its mouth. When it has spun
this silken covering the grub rests for a short time before transforming into
a pupa with its head turned towards the now closed mouth of the cell. The
pupa is shown at E, Figure 3. When the bee is born from the pupa, it bites
away the cover of the cell, comes out and takes its place among the adults.
In a bee-colony several thousand grubs are thus reared at a time and are
spoken of as “brood.” While the grubs are being fed they are called
“ unsealed *’ or “ uncapped "’ brood and when their cells are closed they are
called “ capped ”’ or “sealed brood.” The unsealed brood requires constant
attention from the nurse-bees, but all, eggs as well as bLoth sealed and
unsealed brood, have to Le under the care of the adult bees for warmth.
The adult bees sit upon the combs covering them and thus keeping them
warm. Without this warmth the eggs do not hatch and the brood, whether
sealed or unsealed, dies. Therefore it is clear that the bees in a colony will
rear only as much brood as they can care for and keep warm. A populous
colony rears more brood than a weaker once. Also the same colony rears
more brood when the bees get and gather nectar and pollen from plants
than when these substances become scarce.

It must be remembered that actual growth takes place in the grub
stage when food is taken. The egg and pupa are dormant stages. The
adult bee feeds in order to live but does not grow at all.

The Bee Colony.

Honey bees are social insects and live in large colonies (Figures 4 and
5). Wherever. they live they build the well-known honey-comb. The
chambers or cells of the comb are utilized for rearing the brood and as
store-houses for honey and pollen. = All the adult bees forming the colony
sit in a cluster on and covering the combs and they have not got and do not
require any enclosed chambers for themselves. The members making up
the colony are, the mother bee or as she is called the “ queen,”” a large
number of working bees called “ workers,” and some male bees called
“drones.” Drones may or may not be present throughout the year. The
queen, workers -and drones undergo the same transformations in their
development but are different in appearance and size. In Plate 1, figures
1, 2 and 8, show respectively the queen, the worker and the drone of the
Italian (European) Bee (dpis mellifica), figures 4, 5 and 6 those of the
Indian Bee (4pss indicu) and figures 7, 8 and 9 those of the Little Bee
(4pss florea). All the figures are drawn to the same scale and magnified
about. 24 times the natural size. The comparative sizes of the three
different varieties of bees as well as those of the queen, worker and drone

PLATE II.

A B c D E
Yig. 3.—Development of the bee in the comb.
A. Egg as naturally laid at the bottom of the cell.
B. Young grub as it remains at the bottom of the cell after
hatching from the egg.
., Grown up grub as it remains coiled in the cell.
D. Full-grown grub ready to pupate in the capped cell.
E. Pupa in the cell.

Fig. 4—A Colony of the Indian Bee (Apis indica). Fig. 5.—A Colony of the Little
Bee (4 pis florea).
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ate evident, There is a distinet differentiation of the work to be done
by these different members and in order to fit them for their respective
work some modifications are observed in their development.

The Queen.

In a colony thereis, as a rule, only one queen. She is the mother of
all the workers and drones found in the colony as well as of any queen that
may be born in the colony. Her only function is to lay eggs. There is
no special ““royal” chamber or seat for her. She, like all the other
members of the colony, sits on the combs and walks over all the parts of
all the combs, and goes about depositing eggs in the cells. She thrusts
her head into each cell to see if it is empty .and then moves forward,
thrusts, the hind end of her body into it and deposits a single egg at the
bottom of the cell. Her part of the work is done. when she has deposited
the egg, which as well as the subsequent grub and pupa are taken care of
by the workers. She lays several hundred eggs every day and is capable
of laying and does lay up to two thousand or more eggs daily in the height
of the season, She lives for about three years.. New queens are produced
only when it becomes necessary to replace the reigning one.  As the queen
is the most important member.of the colony, being the mother of all, parti-
cular care is taken of her from the beginning. The grub which will ulti-
mately develop into a queenis fed in a specially built elongated big chamber,
called a queen-cell (Figure 6), in order to provide it with a large space

Fig, 6.-- Queen cells as they are naturally built at the margin of the comb.
A. Queen-cell commenced. B. Queen-cell capped.
C. Queen-cell from which the queen. has emerged.
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.80 thatits growth may take place unimpeded. When it is intended to rear a
queen, such a cell is built (Figure 6A) and the reigning queen is persuaded
tolay an egg in it. The egg 'hatches after three days. The grub is
provided with a profusion of the rich nitrogenous bee-milk which, as it
forms the only food of the queen grub, is also called “royal jelly.” It
becomes fullgrown in about 54 days and then the queen-cell is capped as
in Figure 6B. The grub transforms into a pupa and attains the adult stage
in about 7 days more and comes out by opening the apical part of the
queen-cell like a hinged lid as shown at Figure 6C. After this the queen-cell
is demolished by the bees.

When the queen is about five days old she goes out of the hive in the
middle of the day and flies out into the open air in order to meet a drone.
She may be surrounded by hundreds of drones in the hive but never mates
inside the hive. Probably this is the provision in nature to prevent in-
breeding.  The drones too fly in the middle of the day and when the virgin
queen comes out of the hive and flies, they are attracted to her probably by
a particular smell she emits. She mates with one drone who may overtake
her in her flight. The drone dies soon after mating has taken place and
the queen returns to the hive and then begins to lay cggs and does not
usually leave the hive afterwards. The queen may not succeed in meeting
with a drone on the first day and in that case will go out every day until
she finds one. She will thus go out only until she is about three weeks
old, after which she does not go out even though she has not succeeded in
mating ; she is then destined to remain a virgin.

Whether the queen has succeeded in finding a mate or not is a matter
of vital concern to the hive. If she has been fertilized by a drone she
will be able to give birth to queens, workers and drones. But if she has
not been fertilized, she gives birth to drones only and this phenomenon is

known as Agamogenesis, i.c., production of offspring without coming
in contact with a male. The properly fecundated queen is able to produce
all kinds of bees, vsz., queens, workers, and drones for the following reason.
When she mates with a drone the male sperm or seminal fluid is collected
in a special receptacle, which has an opening into the passage through
which eggs have to pass when being deposited and each egg, as it passes
out to be laid, receives a minute portion of the seminal fluid from the
seminal sac and is thus impregnated. The queen has the power of closing
or opening the outlet of the seminal receptacle at will and thus of allowing
or not allowing any’ egg to be impregnated. Therefore a fertilized queen
has the power of laying two kinds of eggs, impregnated or unimpregnated.
From unimpregnated eggs drones are born and from impregnated ones
queens and workers are born. The difference between a queen and a
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worker is only one of degree of development. Both are of the female
sex; the queen is a fully developed female having all her parts and organs
fully developed; the worker is an undeveloped female, her organs not
developing on account of the stinted nature of the food given to her while
she is in the grub stage. Therefore we see that the fertilized queen lays
male eggs from which drones or male bees are born and female eggs from
which female bees, viz., workers or queens are born. The sex of the egg
is determined, before it is laid, by impregnation or otherwise with the
seminal fluid. Therefore it is clear that when the contents of the seminal
sac are exhausted, the queen will lay only unimpregnated eggs from which
drones only will be born. This is what actually happens. When the
queen is old she produces many drones, as all the eggs are not impregnated
on account of the lessening of the fertilizing fluid, and ultimately produces
pothing but drones when the fluid is entirely used up. Also when she
is not properly fertilized, she breeds both workers and drones in the begin~
ning as long as the seminal fluid lasts and then begins to breed drones only
even in the prime of her life.

The Worker.

As will appear from the figures in Plate 1, the worker-bee is smaller
in size than the queen or the drone, but more agile and active than
cither. The workers form the main population of the colony and in
a fairly strong colony ought to number not less than 20,000 and in a good
strong one there may be forty, fifty or sixty thousand or even more work-
ers.

The worker bees are reared in the ordinary cells'of the comb, Figure
No. 3 showing the various stages of development. The ordinary cells of
the honey-comb are for this reason called “worker cells.” As already
explained the queen lays one impregnated egg in each cell. The egg
hatches after three days and the grub is fed by the nurse-bees for about
six days. For the first three days the food given to it is the same
royal jelly as given to a queen grub and then it is bee-bread. We have
seen that the queen-grub is fed with royal jelly all along. This
difference of food brings about the difference between a queen and a worker-
bee. The rich royal jelly enables the queen to attain full development
and she becomes a perfect female. The less nutritious bee-bread does not
enable the worker to be fully developed and she remains an imperfectly
developed female., After six days of feeding the cell is capped -and the
grub pupates inside and comes out as the adult worker-bee in eleven days
more, , : .-
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As their name implies, it is the worker-bees which do every kind of
work that has to be done in a colony.

(1) They build comb. Combs are built with wax and not with pollen
as supposed by many. This wax the workers secret efrom their own body
through certain parts situated on their lower surface and then build the
comb by moulding the wax with their mouths.

(2) They rear the brood, .., take care in the developmental stages
of all the bees which are born in the colony. They secrete royal jelly
from the glands in their head and prepare bee-bread and distribute these
foods to the grubs.

(3) They keep up the warmth of the hive.

(4) When the hive becomes heated they fan out the hot air with their
wings,

(5) They guard the colony against enemies.

(8) They take care of the store, i.e., honey. When the honey is freshly
gathered from flowers it contains a good deal of moisture. The warmth of
the hive evaporates this moisture and when it has been evaporated toa
point which just keeps the honey in the fluid state, the honey is said to be
ripe and then the bees close the cells containing honey with a layer of wax,
It is then spoken of as * sealed *’ or ** capped ”” honey.

(7) They keep the hive clean, carefully throwing out dirt and debris and
dead bees.

(8) They take care of the queen, attending on her in her perambulation
over the combs and feeding her with royal jelly in order to keep up her
strength and vigour in her exhausting work of depositing thousands of eggs.

(9) They gather honey, pollen and water for the use of the colony as
food and a dark-coloured gum called bee-glue or propolis with which’ they
stop cracks and crevices in the hive. Honey is the principal food of the
adult bees and pollen that of the developing grubs. The honey and pollen
gathered by the bees is spoken of as “ bee-forage .”’

Items (1) to (8) constitute work in the hive and (9) that outside the
hive. Here too we find a differentiation of work though not hard and fast,
the older workers doing the outside work being styled « foragers >’ and the
younger workers doing the work inside the hive, being styled ““ nurse-bees *’
or “nurses.” This differentiation becomes rather necessary, as those
workers which are about two weeks or so old are not capable of secreting,
at least so well and in as large quantities as young workers, the royal jelly
so essentially necessary for rearing brood. The young workers work as
nurses for about two weeks after which they begin to work as foragers, but
may begin earlier when there is press of work. Similarly foragers too can
do, if necessary, at least a part of the work ipside the hive,
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The above constitute the routine work of the hive. As will appear later
on the workers do other work of a very high order of intelligence or instinct
or whatever we may call it, at the time of replacing an old or dead queen or
swarming.

Tt may be asked how long the workers live when they have so ml.leh
work to do. In busy seasons when an excessive amount' of brood-rearm.g
and foraging has to be done, they do not live for more: thafx five to six
weeks. As will appear later on, the greater part of the year is not a busy
season for the bees, and at this time the workers live for about three
months. In countries with severe winters the bees hibernate in the cold
weather, no brood-rearing or foraging being done. T.he workers live
through the hibernation period in those countries.. In India the bees do not
hibernate, at least in the Plains.

Tt is clear that with such a short life for workers, in order that the colony
may go on, new workers must always be born to take the place of those which
die. This actually takes place. New eggs are being laid, new worker
brood reared and new workers born every day in the bee-colony. Queeuns and
drones are reared at particular seasons in the year. Therefore by “ brood
is ordinarily meant worker brood, drone brood being spoken of specifically as
« drone brood.”

The Drone.

As will appear from Plate 1, the drone (the male bee) is bigger than
the worker and as bulky as, if not bulkier than, the queen. As already
explained drones are born from unimpregnated eggs. They are reared
in cells similar to worker cells but slightly larger in size in order to
accommodate the larger-bodied grubs, these cells being therefore called
« drone-cells, > Figure 25 shows the worker, drone and queen cells of
three kinds of honey bees. Like the ordinary worker-cells, the drone-cells
are built in the comb and usually on its lower part and are allowed to remain
permanently, Drones may be reared in ordinary worker-célls but then they
are dwarfed in size. The egg hatches in three days. The grub is fed with
royal jelly for the first three days and then for about four days more, with
bee-bread mixed with a little royal jelly. Therefore the food given to the
drone grub is richer than that given to the worker grub in order that all
his organs may fully develop and he may be a perfectly developed male.-
The drones are born and come out from the cells after thirteen. days from
the time they are capped. .

The only function of the dronmein the colony is to impregnate virgin
queens and how this happens we have seen already. Therefore drones
appear in the colony only when their. services may be required, ¢.e., when
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new queens may be produced and require to be fertilized. Consequently in a
normal colony drones are not found throughout the year. They help in no
work of the colony, but on the other hand cat the honey gathered by the
workers, being incapable of gathering even their own food from outside.
Therefore tke bees tolerate the presence of dromes in the colony only whilst
they are getting honey and pollen from plants. When the food supply from
outside fails, the drones are killed or driven out of the hive after their
wings have been maimed, so that they cannot fly back into the hive, and
perish. They are not allowed to live the normal period of their life which is
probably about two months.

Distinctions between the different members of the Colony.

In appearance and size there is no difference in the eggs. In the grub
stage there is no difference in appearance but queen and drone grubs are
bigger in sizc than worker grubs. In the pupa stage the male (drone) and
female (queen and worker) bees can be easily distinguished by cxamining
the eyes. In the drone pupa (Figure 78) the eyes meet over thehead. In the
queen and worker pupa (Figure 7a) the eyes are far apart. Without taking out

' the pupa from the closed
cells, it can be easily made
out whether there is a
drone pupa or a worker
pupa inside. The worker
pupa is capped with a flat
capping and the drone
pupa with a convex cap-
ping as shown in Figures
8 and 24. Stored honey is
also capped in the same
way as the worker pupa
but the capping of honey
has a shiny appearance ;
the capping of worker
breod has a dull dry ap-
pearance.

Fig. 7.—(a) Worker pupa ; (5) Drone pupa ; both viewed
from back. (Z) Eyes.

The capping of the drone brood of the Indian Bee is not only convex
but somewhat pyramidal or conical, the top of the cone having a dark spot.
There is a minute hole in the middle of this spot for ventilation. In the’

BEE-KEEPING 13

a yA

Fig. 8.—(a) Capping of worker-cells.
(3) Capping of drone-cells ; the characteristic capping of drone-celis of the Indian
Beo i8 shown towards the left side. (Also see Fig. 24.)

geason of honeyflow, this conical appearance may not be apparent in all
cases as the cone is sometimes covered with a layer of wax. But the
convexity is not hidden. When the layer of wax is removed the cone with
the black spot and hole appears. In the adult stage the distinctions
between queen, workers and drones are quite clear (see Plate I). The
eyes of the drone meet over the head, those of the queen and worker
are far apart as shown in Figure 9. The workers have to gather nectar and
pollen from flowers ; there-
fore the limbs used in
gathering these substances
are modified. They suck
out. the nectar from flowers
with their tongue. Their
tongue is therefore more
developed and longer than
that of either the queen or

Fi g.- 9. Front view of head of (@) worker and (4) drone. the drone. The pollen i8

oathered and carried home on the thighs of their hind legs which are there-
; fore modified and adapted for this purpose
and are slightly different in structure from
the hind legs of the queen or the drone.
Figure 10 shows the hind leg of a worker
and also the part wliere pollen is carried, this
part being known as the “ pollen basket.”
The queen and drone have no pollen basket.
The workers have to secrete wax with
which to build the comb. The wax is
b secreted through four pairs of structures,

Fig. 10.—(a) Hind leg of a worker bee.  called * waxplates » on the under snrface
(5) The same with & mass of pollen on it, c
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of their abdomen, shown in Figure 11. The queen and the drone possess no

Fig. 11.—A worker bee (magnified) turned on the back to show the wax-plates ; the shaded
parts are the wax-plates.

wax-plates. The worker has in the sting a powerful weapon of offence and
defence. In the queen the sting is slightly modified and is uscd as the
egg-placer or ovipositor as it is called, the cgg as it comes out of the ab-
domen being protruded out through a hole in the ovipositor and placed by it

in the proper situation at the bottom of the cell. The drone possesses no
sting.

" Relative Importance of the Different Members of the Colony.

We can now understand the relative importance of the diffierent members
forming the bee colony. A normal colony must have a properly
fertilized queen which will lay a large number of eggs every day and there
must bea large body of workers able to collect honey, pollel; and water from
outside, torear the brood and to perform the various other kinds of work
necessary for the well-being of the colony  Provided these members are
present in an efficient condition drones are not necessary. Of the essential
members again the queen alone cannot formn or even start a colony, being
incapable of secreting wax, building comb, collecting food from outside and
rearing brood. The body of workers alone without the queen may
continue the colony only as long as they live and the colony will be extinct
in the course of about three months when all of themn have died off,
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A normal colony begins to weaken when the ‘queen, through old age,
fails to produce enough impregnated eggs sufficient to replace the workers
which die and it begins to dwindle from the time when the queen fails to
produce any impregnated eggs on account of the exhaustion of the male
sperm in the seminal receptacle and when she dies. In nature the bees (by
which the worker-bees only should be understood) foresee the danger and
hasten to rear a new queen in time, 7.c., before the reigning queen is too
old to lay impregnated eggs and before the colony becomes too weak. They
build queen-cells and persuade the queen to lay eggs in them and rear
several queens although they require only one, in order to guard against
emergencies. Before the queens are reared a provision is always made for
their fertilization, some drones being reared beforehand so that when the
new queens emerge there are dromes present to fertilize them. When
a young queen is obtained the old queen is killed. When however the queen
dies suddenly through some accident the bees rear queens from some. of the
impregnated eggs laid by the late queen in the worker-cells, the worker-cells
round these eggs being demolished and queen-cells built in their place.
These new queens take their chance of being fertilized by any drones which
may happen to be present in the same or other colonies. If no fertilized
queen is obtained the colony is doomed to extinction. The unfertilized
queen may live and lay eggs ; but as we know, only drones are born from
these cggs. No more workers being born to replace those which die,
the colony becomes extinet when all the workers are dead.

When there is no queen in the colony and all attempts to secure one are
unsuccessful, one of the workers takes the place of the queen and begins to
lay eggs. The worker-bee, as we already know, is an undeveloped female
and occasionally she is capable of laying eggs. Such a worker is known
as * fertile-worker. ” The eggs laid by her, however, not being fertilized,
give rise to drones only. Therefore the colony is not saved and be-
comes extinct in time.

It is more offen than not that the colonies succeed in re-queening
themselves and if they are successful they may go on for years, colonies
being known which are forty years old or even older. But the age of the
colony must not be confused with that of the members forming it.

How the Bees recognize the Members of their ow
Colony. . :
Every colony has a distinctive smell and the bees recognize the

nfembers of their own colony by this smell. If a bee belonging toa
different colony tries to enter the hive of a colony, the guard bees promptly

¢?
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at;;ack it at the entrance and drive or kill it. If bees are separated from a
z;; onl)]r and ke-pt‘separate for some time ( several hours are enough ) they lose

he ¢ aracteristic smell of the colony and will be treated as foreigners when
given back to the colony after this period.

Honey and Honey-flow.

. Bees do not make honey. Plants secrete a sugary liquid called nectar
in the flowers. Bees collect this nectar, sucking it up with their tongue
into a p01.1ch in their stomach called the * honey-sac >’ and then on arrival
at th.e hive disgorging and storing it in the cells of the combs. Certain
chemical changes take place in the nectar while it remains in the honey-sac
of the bee, converting it into the honey we get. All plants do not yield
neetar. anq those which do, secrete it in minute quantities which, however
vary in different plants. It is not at all times of the year that bees g'at,hmi
honey: . Usually there is a particular season when plants secrete large
quantities of nectar, it being known as the season of honey-flow. At Pusa
and. probably everywhere in the Plains the principal honey-flow occurs in
spring and early summer from about the end of January to about the end of
Apnl,‘there being a minor unimportant flow in ‘October-November. In
the Hlll.s ( e.g., Shillong, Darjiling, Nainital, etc. ) the principal honey-flow
oceuts in October-November, ‘and a secondary flow in March-April
I‘t it only in t?ne seasons of honey-flow that the bees get honey to store up-
tlhere are periods in the year, for instance, the rains, when very little hone :
is available, Bees gather honey for their own use as food. They g:@tbe{-
much more tl'nan they require and in fact they continue gatherin ’ as
long as netetar is available, as long as they are able to gather it :nd as lg;)n
as there is accqmmodation for it in the combs, ‘We have seen that it is thi
worker bees which gather honey. Therefore it is evident that the greater
thg number of yvox:kers in a colony the more honey they will gather
zn store. As ‘1t is .only in the seasons of honey-flow that plenty of
o.ney.and pollen is available, brood-rearing is carried on on a large scale at
18 time. The population of the colony therefore increases rapidly and it

is then that the ph .
place, phenomenon, known as swarming (see page 20) takes

Bees and Plants.

. .In order to be able to understand the relation between bees and plants
:h is xllecessary to know something about how the plants reproduc:e

emselves. The reproduction of plants takes place in one of the
following ways :—

1) A
(1) part of the parent plant, root, stem or leaf, is capable
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of giving rise to a new plant. For instance, bulbs of onion
and garlic, tubers of potato, rhizomes or rootstalks of arum,
turmeric and ginger give rise to new plants. All .are
familiar with growing roses, sugarcane and sweet potato from
cuttings of the stem. New plants grow from the leaves of
Bryophyllum. This kind of reproduction 1is known as
vegetative. _

(2) In ferns etc., we find special cells are produced either on the
back of the leaves or in their axils and these special cells are
by themselves capable of giving rise to new plants. This is -
known as a sexual reproduction. :

(3) The third form is by the production of seeds which, when
planted in ground, give rise to new individuals, Such plants
produce two kinds of special cells, viz., female cells or ovules
( future seeds ) in the female organ, the pistil, and male cells
or pollen on the male organs, the stamens.

In order to enmable the ovules to develop into seeds it is essentially
necessary that the contents of the pollen should unite with those of the ovule.
The ovule is thus fertilized. For this purpose the pollen must be conveyed
to a particular receptive part of the pistil. This is called pollination and
fertilization of the ovule follows pollination. The male and female organs,
that is, the stamens and pistils respectively, are in most cases located in the
same flower which is therefore called bi-sexual. Pollination with pollen of
the same flower is called self-pollination or self-fertilization, and that with
the pollen of other flowers, cross-pollination or cross-fertilization. Cross-

llination yields more and better seeds than self-pollination, In some
cases self-pollination fails to fertilize the ovule and in some cases again it is
found to be distinctly injurious. Therefore in nature there are various de-
vices to ensure cross-pollination. Chus a cucumber plant bears two kinds
of flowers, some male and others female. The papaya bears either male or
female flowers exclusively. In many cases although the flowers may be bi-
sexual, having both the organs, self-pollination is prevented by the two organs
maturing at different times or by the organs being of such different lengths
as to preclude self-pollination or by other mechanisms preventing pollen
from falling on the pistils of the same flower. In all such cases pollen from
different flowers or different plants must be conveyed through some external
agency to the female flowers for the necessary fertilization of ovules, so
that seeds may be produced and the species continued.

Pollen may be carried from flower to flower by wind, water, insects or
other animals and the plants are classed according to these pollinating
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agents as anemophilous, hydrophilous, entomophilous or zoophilous, respec-
tively. Of the plants with sexual reproduction a large number is entomo-
philous, ¢.., pollination or rather cross-pollination in them is effected by
insects among which honey-bees are included. These plants usually have
large, coloured and showy flowers not infrequently possessing characteristic
odours and as a further attraction to their insect visitors produce nectar and
that too in such a situation in the flower as will cnsure the removal of
pollen and also the application of some pollen to the pistils by the insects in
their search for the nectar. As the insects visit different flowers they dis-
tribute the pollen of some flowers to others. The parts of the flowers are
sometimes modified to adapt them to the habit of their insect visitors and
sometimes the adaptation goes so far as to render the plants capable of being
visited by one particular class of insects and by no others. Thus in
Australia it was not possible to obtain seed from red clover until the bumble
bees were introduced. We see the mutual dependence of plants and
insects. The bees, with which we are concerned, depend on the plants for
nectar and pollen and the plants too depend on the bees for the necessaly
fertilization of their seeds. "This fact is made of practical use by growers
of cucumbers in green-houses in Massachusetts, United States of America.
When the cucumber vines are in bloom they introduce and keep in green-
houses colonies of bees for getting the crop set, and in this way utilize a
large number of colonies. It is reported that in one year 118 growers uti-
lized 944 colonies of Lees for this purpose. 'The colonies thus kept in-green-
houses usually die as they do not get enough food and fresh colonies have to
be purchased and introduced every year. It must be remembered that

coloriies of bees are always available for sale there, bee-keeping being an
established industry.

Pasturage.

Plants affording pollen and honey to bees are spoken of as bee-pastur-
age:; We have scen that all members of the vegetable kingdom do not
yield nectar and pollen to bees and also all of the flowering plants may not
do the same. For instance there may be whole fields of sann-hemp in full
bloom but the honey-bees do not get a single drop of nectar from them.
The mechanism of these flowers precludes the true honey-bees, while allow-
ing bumble bees to gather a harvest easily. For similar reasons, all
flowers cannot be visited by all of the different kinds of honey-bees. The
flowers may be so small that only the smaller bees can thrust their tongue
into them to suck out the nectar. Or the nectar may be situated at such a
depth 1nside the flower that only those bees which possess a long tongue

can reach it. It is very commonly found that certain flowers are visited by
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the Little Bee only and by no others. On the other hand some ﬂf)wers will
be found to be visited by all kinds of honey-bees. What c.onstxtutes bee-
pasturage in a locality has to be found out by actually obser'vmg 'the.ﬂow.ers
visited by the honey-bees. Very little work has been done in this direction
" IlI;(ihﬁa;rent plants yield different quantities as well as diﬁ.e}'ent qualities.of
nectar. The same plants may vary in these respects in 'dlﬁel.'ent coun(tlnei
according to the soil and climate. Plants are known whl'ch.yleld abundan
nectat in one country but hardly any in another. Sm}llal‘ly the same
plants in a particular locality may yield enough ufsctal' in one year b(lll-t
much Jess in another year according to th.e change in the climatic condi-
tions. Warm dry atmosphere helps secretion of 'necta,r, a co.ld web atmos-
phere retarding it. Also more nectar is secreted in the morning and even-
ing than in the middle of the day. )

It does not pay to cultivate any plants solely for the bees. Plants,
which are useful and at the same time yield abundant neetar, m'ay.be
grown, Or, to put it in a proper way, those who grow such plants w:l-l tu;;l
it profitable to keep bees, as in addition to the 01.1ttu1:n of the fcrltip 1tzlse- ,
they will have a yield of honey. This practice 1 often fo ov;e in
advanced countries. Such crops are usually those which grow denlsfe 15; in a
small place and put forth an abundance of flowers. Clover ai,en;lf alfalfa or
lucerne, grown for fodder, may be named. An acre of alfalfa m.somz
countries is said to yield as much as 60 1bs. of honey or a8 the farmers I,m
it “a can of honey (60 lbs.) to the ton of hay.’ In the same way
mustard and sesamum crops in India yield abundant honey.

But the question becomes different when :z:bulldant wa.ste.lands are
available in the neighbourhood where seeds of w1ld. nectar-yielding pl.a.n'ts
may be grown for the sowing at no great or nommal. expense, As it is,
however, in India enormous quantities of nectar which is produced by
plants both wild and ordinarily cultivated, are wasted because there are not

ugh and good bees to gather it. .
enOBgt;es gatl%er honey pr?ucipa.lly from wild plants, and go to a distance
of &s far as two to three miles in all directions. But of course the nearer
the pasturage the better, as the bees can gather and s?ore ‘more honey when
the distance they have to cover in coming and going 1s small. A few
flowering plants cultivated in a garden are no help to them. I{sua.lly
the flowers cultivated in the garden are mostly made double by cultlyatmn
and produce no seed. Therefore they have no necessity for the service of
the bees and produce no nectar for them.

Then it has been calculated that in order to obtain about gy ounce of

honey the bees have to visit at least 2,129 flowers of Rkododem.iron {ursutum
and 5,530 of sainfoin (Onobrychis sativa). From this one can imagine what
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a large number of flowers are required to secrete nectar and also whata
large number of bees are required to gather the nectar in order to have
surplus honey. It is evident that though there may be some flowers always
available, it does not follow that the bees will gather and store honey. For
this purpose there must be abundant pasturage which must put forth an
abundance of bloom. This does not always happen and when it happens we
have the honey-flow. From the point of view of a practical bee-keeper, a
knowledge of the pasturage of bis locality and the time when it comes
into- bloom is very necessary. Ile can then so regulate his bees as to make
the most of the boney-flow when it comes. .

Honey-dew honey.

Sometim2s bees gather the sugary secretion of plant lice (Aphides).
and other insects, known as insect honey-dew, and also a similar secre-
tion of certain plants from extra-floral parts, known as plant honey-dew.
This is knownas honey-dew honey and is of course much inferior to the
floral nectar. So long, however, as nectar is available honey-dew is not
collected. In India so faras is known bees get nectar when the honey-dew
secreting insects occur and bees will not ordinarily be found collecting
honey-dew.

Swarming.

In the case of bees a colony may breed a large number of individuals but
as the colony is nothing more than a single family, there is properly speaking
no muléiplication unless there be an increase in the number of colonies.
The bees bring about this increase by what is known as swarming. In the
season of plenty, i, the season of the honey-flow, when the colony
becomes very populous, swarming takes place in the following manner. A
number of drones are reared and when the drones begin to fly some queen-
cells are built and queens reared. Soon after the first of the queen-cells is
capped, all on a sudden in the middle of a bright day a large number of
workers, about half of tbe number present or more, with some drones, fly
out of the hive, headed by the reigning queen and go to a new place to
establish a new colony. This is called swarming. The flight of a swarm
with whirling movementsin the air and with a loud bumming noise, is a com-
mon sight in India in spring and the beginning of the hot weather. The
swarm builds combs in the new quarters and is soon established as a normal
colony. In the parent colony a new queen is born and fertilized by one of
the drones who are already there and takes the place of the old queen.
After the first queen emerges the other queen-cells are demolished and their
occupants killed. But in some cases the bees in the parent colony wish to
send out a second swarm and do not destroy the other queen-cells. The

BEE-KEEPING 9291

y in about a week after the issue of the first
swarm and it is headed by the first-born young queen before she is fex:tl-
lized. She is fertilized in the new quarters. Similarly several successive
. ut until the population in the parent col‘ony becomes
warm goes and selects new quarters for itself.

second swara is sent out usnall

swarms may be sent 0

very reduced. Each s
Migration.

i 1 m vlace to place. The phenomen-
o e e m'i‘i?:fir; co}{ony lea\l:es the habitation with
ther part of the country in one season, return-
Thus colonies migrate from the Plains to the
to the Plains about the middle of the winter.
ably changes in the climate but more

on is very common in India.
the combs aad settles in ano
ing again in another season.
Hills in autumn and return
The causes inducing migratlor} are prob
probably dearth and availability of food supply.
Enemies and Diseases of Bees.

e many nabural enemies. Three kinds of
Bee-eaters (Merops viridis and M. philip-
black bird with a forked tail, known as the

The honey-bees in India hav
birds, two green ones known as
pinus—TPig. 12} and the third a

Fig. 12.—The Bee-cater,
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King-crow (Dicrurus ater —Fig. 13),

Fig. 13.—The King Crow.

King-crows are not hab;
o 1tual bee-eater
liking for bees occasiona] % but some of

orientalis, Fig. 14, and 7,

: them develop a strong
ly: FNfa kinds of predaceous wasps (Vespa
¢incta in the Plains and 7. aurarsa, Fig. 15,

(‘lgo 14.*—T © y 11 ded bl‘OW p ig, St 1 W8, i rar
h e_ ow ban Il WRS 1 ]5 l]le ()ldel was ¥ 4
. . g g P ( €spa aura l‘a).

catch bees on the wing and eat them.
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V. ducalis and V. magnifiea, ¥ig. 16, in the Hills) have been discovered to

Fig. 16,—The large black wusp (Vespa magnifica).

come, sometimes in large numbers, hover near the hive and catch and carry oft
bees both on the wing and sitting near the entrance of the hive. One Robber
fly (Asilidz) has been observed to catch bees on the wing and eat them.
House and tree lizards, centipedes, spiders, frogs, mice and several kinds of

. predaceous ants destroy bees. Onekind of Ant (Dorylus orientalis—Fig.17)
sometimes gets scent of hives and attacks the combs for grubs and pupa
in such large numbers that the bees are compelled to desert the hives.

Fig. 17.—Dosrylus opisntalis ; the small figure Fig. 18.—The Death’s Head Moth
shows the uatural size. Acherontia styz,
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Several kinds of ants attack the hives far honey. There is one big
moth (The Death’s Head Moth, Ackerontia styz, Fig. 18) which enters
hives at night and drinks honey. The worst enemy of the bees in India
and specially in the Plains is the Wax Moth ( Galleria mellonelia) of which
an account has been published in the dgricultural Journal of Indsa, Vol.
VI, No. 4. Its life-history is illustrated in Plate I1I. The moth enters
hives at night and lays eggs on the combs. The caterpillars which hatch
out of these eggs tunnel the combs forming silken galleries through
them (Fig. 19). They eat thecombs and fill them with a profuse amount
of white silk and black pellets of excreta. Ultimately in place of the
combs nothing but a mass of silk and excreta is found. The bees are
compelled to desert the hives. The caterpillars pupate inside the comb or in
corners of the hive and ultimately come out as moths. In other countries
bad and infectious diseases are known which affect the brood and also
diseases affecting the adult bees. So far no such disease has been noticed
in India and it is to be hoped that they will not be introduced. -

The Indigenous Bees.
In India three or rather four kinds of honey-bees are found.

(1) Oneis the Rock Bee (d4pis dorsata) the worker of which is illustrated
at figure 10, Plate I. It will appear that the worker of the Rock Bee is as
big as the queen of the European Bee (4pis mellifica). The colonies of these
bees build a single huge comb on the face of rocks, on branches of big trees
and sometimes on walls of buildings, the comb measuring up to five feet across
its face, and being always built in an open place. The bees are very good
honey-gatherers and from a single comb of the Rock Bee up to sixty pounds
of honey is said to be obtained. But they are very ferocious and do not
brook disturbance. Their sting is very painful and several cases of human
beings and even big animals such as elephants being stung to death by
these bees, are on record, When enraged they pursue their victims for miles.
A man cannot escape from them even when he dives in water, as they hover
about the place and sting him when he pushes his head out for breath. These
bees are known to migrate from place to place. Wild tribes collect their
combs by burning away the bees usually at night, some making it a profession
to collect their combs. The honey is squeezed out and the comb is melted
into wax, each comb on account of its large size yielding a large quantity.
The bees-wax exported out of India and running up to the value of more
than seven lakhs of rupees in a year is principally obtained, from the combs
of the Rock Bee. The Forest Department of India realizes a large revenue
annually by leasing the right to collect these combs from Forest Areas.

PLATE Il

WAX MOTH.
Galleria mellonella. Linn.

B
e e



PLATE 1V,

Fig. 19.—A picce of comb attacked by the Wax Moth (Galleria mellonella) caterpiliars.
The gallerics of silk and the thin netelike silken covering of the mouths of cells

!31‘0 quite clear. At the upper part at about the middle o thick webbing of white
silk has been formed.

Fig. 20.—Combs as built in nature by the Iudian Bee,
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(2) The second is the Indian Bee (4pés dndica). Its queen, worker
and drope are painted in Plate 1, figures 4, 5 and 6 respectively.
They are smaller than those of the European Bee (d4pfs meliifica). The
colonies of this bee always live in closed covered places, .., cavitiesin tree
trunks or under the ground and in rocks or sometimes in walls. The same
habit sometimes leads them to build combs in unused boxes or packing cases.
At times they build inside rooms in recesses in walls or windows which are
kept shut, They always build several combs side by side and parallel to

" oach other as shown in Figure 20. According to the locality this bee shows a

little variation. Thus the variety found in the Hills is slightly bigger and
much darker than that found in the Plains. It is not as good a honey-
gatherer as the Rock Bee or the European Bee, The maximum quantity of
honey obtained from a single colony of this bec in the Plains is about seven
pounds when the colony is very big or a little more in the Hills, An aver-
age quantity is about six pounds annually. The Plains variety is more
irritable and more prone to stinging than the Hill variety. These bees are
very prone to swarming and are found to migrate as well to some extent.
The Hill varieties, however, show a less propensity to do either. They can-
not defend themselves againt enemies so well as the Italian Bees and.the
Wax Moth plays havoc among them.

(3) The third is what may appropriately be called the Little Bee (Ap1s
Slorea). Figures 7, 8 and 9 in Plate I show its queen, worker and drone
respectively. Its worker is much smaller than that of the Indian Bee.
Compared with the worker, the queen and the drone are very big but smaller
than the queen and drone of the Indian Bee. The colonies of this bee build
a single comb which is usually not larger than the outstretched palm of the
band but attains to a much larger size occasionally. The comb is usually
built in bushes as shown in Figures 21 and 22 and hung on some branches.
Frequently, however, the bees are found to build under eaves of huts and corni-
ces of buildings and walls, in ventilator holes of houses and behind doors and
windows. In the last named situations the comb is built parallel to the wall
in such a way that it does not interfere with their opening and closing.
Figures 23 and 24 show a comb built at the end of a log of wood in a fuel
stack. The bees are not so prone to sting and have therefore been styled
“ stingless ” by several writers. Actually they dv sting and cause swelling
though the injury is not so painful as that caused by the bigger bees. They
gather very small quantities of honey, a single comb yielding only a few
ounces. N

(4) The fourth is a small bee, smaller than the Little Bee. It is called the
Dammar Bee (Melipona spp.). Thesebees are classed with the Hoaey Bees
because they collect very small quantities of honey which is supposed to have
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medicinal properties. But they do not secrete any wax to build their combs
which are construected with gums and resinous substances collectod from
plants and allied to propolis of the true tHoney Bees. The combs are built
in hollow walls or tree tranks and usually are extended beyond the opening
of the hollow in the form of a funnel: Tha combs yield what is known as
‘“ Bees Dammar’’ or “Pwe-nyet”” in Burma, which country has a small in-
land trade in this substance. The Bees Dammar may be used in varnish
and is used in Burma for caulking boats to make them water-mroof. The
right to colleet the combs is leased out by the Forest Department every year
and yields an annnal revenue of about Rs. 5,000.

The European Hive Bee.

The Honey Bee of Europe is known to Science as Apis mellifica (mean-
ing honey-maker) ov otherwise as Apis mellifera (meaning honey-bearer),
It occurs also in Western Asia and Africa. Like the Indian Bee (Apis
4ndica) it i8 found to vary a little in colour, some being darker than others,
and also in size and temperament aceording to localities. In nature the
colonies of this hee again like its Indian congener build several parallel
combs side by side and in sheltered closed situations, .e., cavities in tree-
trunks and rocks or underground. It is however a very much better honey-
gatherer and much less prone to swarming. Figures 1, 2 and 3 in
Plate 1, show respectively the queen, the worker and the drone of
the Italian variety of the European Bee. The Italian Bees, as they are
commonly called, have been found by long experience to be more industrious,
more peaceful, therefore less prone to stinging, and more able to guard their
colonies against natural enemies, than any of the other varieties. They
successfully protect their combs against the Wax Moth, Their queen toois
more prolifie and therefore the population in their colony is always strong
and regaing strength quickly even when weakened. On account of these
qualities the Italian Bee is rapidly gaining ground everywhere and replacing
other bees wherever introduced, not only in Europe but also in America,
Africa, Australia and New Zealand, f.¢., in countries where bee-keeping is
carried on on modern lines,

Which Bee is capable of being kept in Artificial Hives.

Artificial hives are nothing but wooden boxes so designed and made as to
afford bees protection against sun, rain, cold and enemies, at the same time
allowing them facilities to build combs inside and to go out to collect and
bring in the necessaries of their life, »iz., honey, pollen and water. ~Artifi-
cial hives are ghelters for the bee colonies and are really imitations of their

PLATE V.

Fig. 22.—The same as Fig. 21, the bees
being made to recede to expose the comb.

Fig. 24.~The comb of the colony shown in figure 2:.
The flat capping of worker brood and convex
c(;pping !c))lf) dgrone brood (at the lower pa

are quite clear.
———rERER

"ig 23.—A colony of the Little Bee at the end of a log of wood.
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natural abodes, v¢z., cavities of rocks and tree-trunks. Therefore, of the bees
we have mentioned, only those which live in such shelters in nature are
capable of being kept in artificial hives, viz., the European Hive Bee (4pis-
mellifica) and the Indian Bee (4pis indica). Hence they are designated as
“[Iive Bees.”” The Indian Rock Bee (Adpis dorsata) and the Little Bee
(Apis flores) are lovers of open air and cannot be kept in enclosed boxes;
also they build only single combs and are therefore not adapted for hives,

se-keeping may be described as inducing hive bees to live in artificial
shelters or hives under control. In advanced countries there have been
various improvements in bee-keeping, all directed towards enabling the bees
to gather more and more honey. Of the honey gathered, the bee-keeper
takes the surplus over the requirements of the bees themselves. Therefore
the more the honey gathered by the bees the greater the profit of the bee-
keeper.

Which bee to keep.

As pointed out, of the three indigenous bees of India, only the Indian Bee
is capable of being kept in artificial hives. The pictures given will enable it
to be distinguished easily. Besides if it is remembered that this bee builds
several parallel combs at the same place, no mistake can be made. The Rock
Bee and the Little Bee build only one single comb. The qualities which
make hive bees desirable are the following :——

1. They should be peaceful in temperament and not prone to stinging,
and so easy to handle.

2. Their queen should be very prolific so that the population of the colony
may be kept up to a good strength and in the season of honey-flow there
should be a very large body of workers able to gather large quantities of
honey.

3. They should be good honey-gatherers.

4. They should be able to guard the colony, specially against the Wax
Moth, of all the enemies. The bee-keeper can help them against the other
enemies but it is hardly possible for him to prevent the Wax Moth from
creeping into the hive and infecting the combs at night.

6. Above all, they should not be prone to swarming. 1f they are proue
to swarming, they will never yield a large quantity of surplus honey even if
they possess in a high degree all the other qualities. As has already been
explained the greater the number of workers in a colony, the more the honey
gathered and stored. Swarming divides and therefore weakens the colony
and this takes place in the season of the honey-flow, that is, just at the time
when plants secrete nectar in suﬁiciently large quantities. Bees proné t0
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swarming will swarm just when their number has increased and they are in
a condition to gather this nectar. Co
In all these qualities the Italian Bee excels.

The Comb.

As already explained, the cells of the comb are used as cradles for the
earlier stages of the bees and as store-houses for honey and pollen. In
nature the honey is usually stored in the cells at the upper part of the comb,
about the upper third, brood-rearing being done in the lower portion. The
store cells are the same in size as the worker cells and as the brood necessary
to be reared is mostly worker brood, the snajor portion of the comb consists
of worker-cells. Drone cells are built towards the bottom while queen-cells,
when necessary, are built on the margin. (See Figure 25). Both drone and
worker cells may be utilized as store-cells. Pollen is stored here and there
in certain cells among the brood. The stored pollen looks like a yellow paste
and can be easily distinguished, The comb is built with wax secreted by
the worker bees. For sccreting wax the bees gorge themsclves with honey
and sit quietly in a cluster thus keeping themsclves warm. Wax oozes
through the wax-plates (Ifigure11) and collects on them iu the form of white
scales which are scraped off and moulded and worked into combs with the
help of the jaws., It has heen calculated that according to season, bees eat
from 7 to 15 lbs. of honey to secrete one pound of wax, Therefore comb-
building is usually done when enough honey is available.

As the different varieties of bees vary in size, the sizes of the cells of
their combs also vary. The comparative sizes of the cells of the combs of
the Italian, Indian and Little Bees are illustrated in Figure 25.

In the linear inch are included about 4§ worker-cells of the Italian Bee,
6 worker-cells of the Indian Bee and 9 worker-cells of the Little Bee.
The worker-cells of the Italian Bee are about equal in size to the drone cells
of the Indian Bee and the worker-cells of the latter are about equal to the
drone cells of the Little Bee. The worker-cells of the Rock Bee are about
equal to the drone cells of the Italian Bee, 4 or 3} of which come in alinear
inch. Similarly the thickness of the comb is different in the different varie-
ties. It is therefore clear that combs of one variety of bees cannot be used
by another variety,

The prevalent condition of bee-keeping in India.

. As already explained the Rock Bee and the Little Bee are not capable of
being kept.in hives: They live in a wild state and the honey and wax from
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Fig. 25.~Combs of various bees,
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Large quantities of honey are similarly obtained from the combs of the
Rock Bee.

Besides the professional hawkers there are dealers in Caleutta alone
who sell about 60,000 to 70,000 Ibs. of this thin fermented honey at about
the same rate as mentioned above. There is no export trade, the whole of
this quantity finding its way into villages where it is stocked and sold by
grocers. The honey produced in the Hills is of a better quality and is
obtained in a thick granulated condition. 1t is sold at 8 annas to 10 annas
per pound. That produced in the Darjiling Jail is sold at the very high
rate of a rupee a pound.

There have heen several attempts by private gentlemen and missionaries
at keeping the Indian Bee in the modern European methods. But they
have either not been successful or have not given better results than
the prevalent indigenous methods principally, it appears, for want of
proper appliances. Without these appliances bees cannot be properly
controlled.

Modern bee-keeping.

In the following pages the modern advanced methods of bee-keeping
are described with detailed instructions about making the hives and
appliances necessary and about the proper management of hoth the Indian
and the Italian Bees, The improved methods are directed towards bring-
ing the bees as much under control as possible, giving them facilities
for gathering and storing larger quantities of honey so that larger surpluses
may be obtained and securing the surplus in as pure a condition as possible.
The principal improvements in appliances may be briefly enumerated as
follows :—

(1) The movable bar-frame hive.—~The becs are made to build combs
separately in wooden frames and all the combs in a hive are
capable of being taken out, examined and reinserted whenever
necessary.

() The honey-extracting machine.—The combs built by the bees are
not broken or destroyed. ' The honey stored in them is taken
out or as it is called “ extracted,” in a machine and the combs
given back to the bees to be used by them again. Therefore
the bees are not required to build fresh combs every time and

- are thusd saved from secreting wax which involves time which
can be otherwise usefully devoted in gathering honey and also
involves consumption of large quantities of honey. Therefore
by preserving combs the bee-keeper increases the surplus.
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(8) Artificial comb-foundation. (Figure 26).—In order further to save
the bees from secreting wax, a thin sheet of
wax is provided on which the bees build the
comb. The bases of the cells of the future
comb are artificially imprinted on this sheet by
passing it through a special roller machine
(Figure 27). In order to build the comb the
bees have only to add the walls of the cells,
They have to secrete a certain amount of wax
no doubt but they use much of the wax pro-
vided in the comb-foundation. As the cells
of the combs of the Italian and Indian Bees
Fig. 26.—Artificial comb foundation, are different in size the foundation ought to
have the cecll-bases of the proper size imprinted on it'to suit
either, Figure 28 shows an empty wocden frame, a frame
fitted with artificial foundation and a comb built on such a
foundation in a frame.

(4) The queen-excluder.—In order to securc honey free from brood
and pollen, the queen is prevented from having access o some
combs in the hive by means of a perforated zine sheet. Work-
ers can easily pass through the perforations and store honey
in these combs but the (ueen being larger in size cannot pass
through them. This is known as the “queen excluder” zinc
sheet. By using the queen-excluder the bees can be made to
store only honey in some combs, no eggs being laid in them
as they are out of reach of the queen. As pollen is stored in
combs in which brood is being reared, these combs being
free of brood, remain free of pollen as well. The honey is
thus obtained in a pure state, free from pollen and juice of
crushed brood which is sure to be injured in the process of

. extracting honey if present in the comb. As the workers
— ' of the Indian Bee and the European Bue are differentin size,
The frame on the right is fitted with a sheet different sizes f)f perforations are necessary to adapt the queen-
in frame Ou the left a comb built on such a foundation excluder t? either. For the European Bee the perforations
measure § inch x } inch. For the Indian Bee they measure

#7 inch x § inch.

Fig. 27.—Comb foundation mill.

Fig. 28.—An empty frame in the middle,
of artificial comb-foundation.

The Hive.

The log and pottery hives at present used in different localities should

be replaced by movable bar-frame hives.
The Kerosene-box Hive.—A cheap hive can be made from ordinary
kerosene packing cases. Such a hive is illustrated in Figure 29, A wallis

p?
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Fig. 29.— Kerosene-box hive.
E. Entrance. A. Alighting hoard for bees,
P. Ant-preventer (it is kept filled with water).

added inside along each of the longer sides as shown in Figure 30, The
frefmes of combs are supported on the top of these inside walls as shown in
this figure. A hole is made at the bottom at one end and a small piece of

Fig. 80.~Keroscne-

box hive opened ; with one frame inyposition and another ontside,
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wood nailed below ; it forms the alighting board for the bees. Four pieces
of bamboo are nailed on to the box and form legs, The cover, or roof, is
made sloping and is covered by a piece of tin cut from an ordinary
kerosene tin. This prevents rain from getting in. Such a kerosene-box
hive may do well in the Plains. But in the Hills where there is too much
rainfall and also severe cold, it does not afford sufficient protection to the
bees. The measurements of the frames used for this hive are giveuin
Figure 89. This frame should be adhered to ‘in every case, The inside
measurements of this hive are given in Figure 31. The kerosene boxes vary

NANNNNNNN
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Fig. 31.—Section through the Kerosene-box hive to show measurements.
R. Roof. F. Frame for comb. W. Walls which are added inside.

a little in size, but by varying the position and height of the newly added
inside walls, these measurements can be obtained. The longer standard
frames (Figure 0) cannot be used in the kerosene box-hive, but they can
be accommodated lengthwise by adding two more walls along the shorter
sides of the box, so as to make a chamber 14} to 15 inches in length.

The Standard Hive.—Bee-keepers will find by experience that it will
give more satisfaction and pay in the end to make a hive with well-season-
ed deodar wood or any other wood which will not warp or in other ways be
affected by changes of seasons, When making a hive with such wood it is
always advisable to make it of the standard pattern shown in Figures 32—
35. The standard hive is so made that its parts can bs separated a shown
in Figure 33. The bottom, or as it is called “ floor .board,” has four legs
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Fig. 32.—The Standard hive with a8 comb shown outside.
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Fig. 33.—Parts of the standard hive shown separately.

R—Roof,
F—Floor board or bottom of the hive.

B—Body box or hive chamber.
A— Alighting board for bees.
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fixed to it and a piece of sloping board in front of the entrance to serve as
an alighting board for the bees. The combs are contained in the hive
chamber or “body box” as it is called, and are supported on the top of the
two inner walls. The roof rests on the body box. The measurements of
the standard hive are given in Figures 34 and 35 and those of the standard
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Fig. 34.—The standard hive, section from Fig. 35.—The staudard hive, section from

side to side. back to front.

frames for use in this hive are given in Figure 40. When the hive is placed
in the open air a porch or portico above the entrance may be added as seen
in Figure 32.

The Wall Hive.—~The wall hives with a little modification can easily be
adapted to the use of moveable bar frames and then {hey will be superior
to any wooden hive, considering the severe winter prevalent in the places
where wall hives are used. In Western Countries there is great difficulty
in keeping bees warm in winter. When the hives are left outside they have
to be wrapped in warm materials. In order to minimize the difficulties in
thus attending to every hive, special cellars are in many cases prepared into
which the hives are carried and stacked. In the 'case of the wall hives
there is no difficulty in this respect. In places with severe cold, wall-
hives will serve the purpose well and will be found equally efficacious in the
Plains. In order to be able to use movable bar frames in a wall bive, it
should be made correctly according to measurements which are given in
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Figure 36. It should be made as it is now done but with the modifications
according to the measurements given.  There should be grooves at correct
heights and into these grooves a movable frame carrying combs will be put
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Fig. 86.—Measurements of the wall hive,

in. The frame of combs can be inserted or drawn out as shown in Figure
37.  Every 9 inches will accommodate one layer of standard frames.
Therefore in the hive recommended three layers of combs can be put in
when necessary. The lowest chamber will ordinarily be used for the Indian
Bee. The Upper chambers will be required for use when Italian Bees are
introduced. All the standard appliances of the British Bee-keepers' Asso-
ciation can be used without any modification.

The hive can be made 30 inches high, For 7} inches from the bottom
the breadth will be 14§ inches. Then there are two grooves to receive a
comb-carrier frame. Above this the breadth will be 174 inches. In order
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to, accommodats 107 combs for: Italian Bees i each’ c?;am'ber the ,depmi.
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i, / a1 Tive » ’ ' od and l;-carrxer
o — -f wall hive, The door (D) has been opened and the com
Fig: 97 M;::g}: ?;;’ wri?;‘l?zhc combs (¢) in position has been half drawn out.

of the hive should be 15} inches. Every 1} inches aecorr.lmodates uie
comb and the depth can be decreased accordingly if the thickness of the
wall does not allow of full 154-inches. The walls and floor should l.)e made
smooth and level and all the corners well made. A correct make is essen-
tially necessary for smooth working. '

When it is necessary to examine the hive the hinged door is opened
and the comb-carrier frame drawn out (Fig. 7) and any comb taken out
and examined. It 1s not necessary to draw off the carrier frame entirely
from the grooves, It is held in position even when more than three-fourths
pulled out and both the hands of the vperator are free to examine combs.

The comb-carrier frame for the wall hive is illustrated and its measure-
ments given in Figure 38, A A aretwo pieces of wood 15"x2”x 1. Over
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them are placed two pieces o
two pieces measuring 19" x 14" x §”

Fig. 38,
This frame will accommo
of the Indian Bee,
in Figure 37, If the
carrier frame should b

—Comb-carrier frame for wall hive.
date 10 combs of Tfaljan Bees and 1
The frame carrying combs runs into grooves as sho

depth of the hive cannot be full 154 inches, the o V;’)"
e shortened by 14 inches for every comb. ) -

% combs

The Frames for Combs,

of the frame for kerosene b i
¢x hive are given i
he standard frame jn Figure 40. The framesgare ma,cli:

The measurements
Figure 89 and those of ¢
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Fig. 89, 7

— Messurement of frame for Kerosene-box hive,

f wood B B measuring 16"x 1" x3". (! C are
nailed on to A A in the manner shown.
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with strips of any well-seasoned wood which will not warp, well-seasoned
deal-wood being the best. The strips are made § inch wide and # inch
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F16. 40.--Mcasurement of standard frame for use in standard and wall hives,

thick and are cut and fitted up to make a frame according to the measure-
ments given. The side and bottom bars may be made } inch thick. The
projecting portions of the top bar rest on the inner walls of the hive. In
the standard frames manufactured and sold, there is an open slit along the
middle of the top bar to receive the
sheet. of comb-foundation. It is not
advisable to have this slit as it affords
a very convenient hiding place for
the Wax Moth caterpillars. A small
groove about iy inch deep along the
middle of the under surface of the
top bar (Fig. 41), serves the purpose
very well for adjusting the foundation
sheet.

Fig. 41.—Frame with rg-move slong the
middle of the under surface of the top bar.

How Bees can be made to build Combs in Artificial Frames.

In nature the parallel combs are built at a regular distance leaving
enough space between them for the bees to walk over the contiguous combs.
In the case of the Italian Bee the distance between the centres of the
contiguous combs is about 1§ inches while in the case of the Indian Bee
it is about 1§ inches. When artificial frames are used they are to be kept
at the necessary distance from one another and this distancing or spacing
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is secured by tin frames called «
ends of top bars as illustrated in ¥;
a nail at each end of the top bar o
convenient and cheap,

case of the Italian Bee,
48). For the Indian Bee the same
when used in every other frame ag sh
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~—Spacing of frames for the Indian Bee.

- Fig 43.—Spacing of frames for tho‘
M—Moetal end. European Bees.

Fig. 42,

rectly spaced in the hive and if th

. e lower surfaces of the top b:
‘with 3 little wax, the bees will p bar are smeared

uild a straight comb in the frame.

Indian .Bee. Proper distancitg should be obsérved eve
are provided with sheets of comb-foundation,

supplied, the top bars of the frame

n when the frames
When comb foundation is
6 need not be smeared with wax.

metal ends ” fitted to the projecting
gure 42. It can also be done by putting
fthe frame. But the metal ends are very
For correct spacing of the frames of combs in the
every frame is provided with these metal ends (Fig.
metal ends will give ths correct spacing
own in Figure 42. If the frames are cor-
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Use of Comb-Foundation,

The purpose of using the comb—foundatl:on has already been e}::p]ain?d
(page 31). Either full sheets of found.atlo?_ may be used as's 0‘:‘;" in
Figure 28 or only asimall strip as shown in Figure 44 to fom} the guide or
starter for the comb which the bees are
intended to build. The use of a full
sheet of foundation has one advantage.
The bees at once fill the entire frame
with comb and combs with uniform
worker-cells or drone-cells are obtained.
When only a guide or starter is used the
comb is built as in nature and is usgally
of the form illustrated in the middle in
Figure 25 and many drone-cells may be
formed in the lower part. The founda-
tion is fitted into the groove on the under surface of the top bar of the
frame,

Fig. 44.—Frame with starter foundation,

Wiring Frames.

In order tostrengthen the comb in the movable b.ar fram? the. frames
are wired as shown in Figure 45. A thin copper or tinned wire is used.

E 3= —— \6' \l

Fig. 45.—Frame wired,

A tinned wire is specially manufactured and sold for this purpose. The
wire passes through the middle of the top and bottom bars of the frame,
and of the comb when it is built. The "comb is therefore held tightly in
the frame and there is little risk of - its. breaking and falling off the
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frame in manipulation. After witing the frame the foundation-sheet is
fitted into it and the wire is embedded into the foundation by means of an
embedder. Any round metallic disc can be converted into an embedder.
A copper coin, a pice {Fig. 16) or half-pice does very well when a groove

®

Fig, 46.— Pice ” wire-cmbedder.
is made all round the middle of the edge with a thin file. A hole is then
made into the centre and the dise fitted on to a flat iron handle loosely
8o that it can revolve easily. Wire embedders are sold ready-made, One
called the Spur Wire-embedder is illusteated in Fig. 47. There is a groove

O]

Fig. 47.— 8pur wire-embedder.

in the spurs, The embedder is heated over a fire or flame and placed and
run on the wire which fits into the groove (Fig. 48), The heat melts (he

l . RS see s vesees J
JOCOOUCC LY J XY I
X LY ALLYLY IIXIIIIIII

X
KX A0 X X

10000 UL0OI SN0CLA00000)I00RGDO ¢
LR ICOOOODOOOUOLY,

2
-
.
:
o
!
e
y
.
2
-
9
3
:
L4
*
o
2

;?;f;? POSOSP0CINO0IN0EPPG0OY
XL SOt 000e P
Y )1 090008080004 POOOY

) 9998060000388 00680000

PO OOOLBITIIOOPO0OLOOPOIPEE D ¢

XX
OSPRS00 000000000008000011000¢

peeeses X Ix}{xllllxrlxxxxl xr"r’ixxxxlxXIIr
losesoad e e een Ixxxxxm

a
— |

Fig, 48.—Embedding wire into foundatjon,
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wax of the foundation. Therefore the wire gets into the sheet and is held
in it when the wax cools down and solidifies.

In order to cmbed the wire into ‘the foundation, the frame with the

foundation is placed on a board (Fig. 49) jnch thick and of the size of
the inside measurements of the frame.

N

Fig. 49.—Wire-embedding board.

The Honey Knife.

The honey knife is shown in Figure 50. Both the edges as wel.l as Ehe
tip ave sharpened so that it cuts either way, and also by thg tip. The
handle is raised from the line of the cutting edge so that the kll.lfe can be
worked flatly on a surface without the fingers of\f,he holder 1nterfem§g.
Every bee-keoper should have at least two of such knives. '!‘hey are easd'y
made by local blacksmiths. This knife is useful for all kinds of work in

coonection with bee-kegping.

Fig. 50.—The honey knife,



jecting ends of this bar
the top bar of a frame,
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 Arrangement in the Hive,
The frames of combs are

cloth, blanket or oil eloth (
of the size of the inside mea

placed in the hive and a piece of thin gunny
American cloth, the enamelled side downwards)
surements of the hive, is placed over the frames
so as fo cover all the frames. This is called a quilt. Several folds of
warm quilts may be necessary to keep the bees warm in the cold weather.
In the hot weather only one shect may be sufficient. Only so many combs

are. kep.t as can be covered by the hees. If the combs do not fill the
entire hive, they are pushed towards the

, the entrance and a wooden partition,
called a division board or dummy (I

ig. b1) is placed behind them, thus

Fig. 81.—Dummy or division b(im'(l. '

producing a chamber cjosed all round. The dumm

board about § inch thicl y 18 an ordinary wooden

k, on the top of which a bar is fixed and the two pro-
rest on the inner walls of the hive like the eénds of
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Location.

In India vegetation is so common and rich that any place will pro-
bably be found suitable for keeping bees. The surest test is to find out
whether bees occur in a wild state in the place and if they do, the place
will surely be suitable. But whether the bees will yield large surpluses
has to be found out by actually keeping a few colonies. Tt is always
advisable to find this out before embarking on a large scheme.

As regards actual Jocation of the bees, they should be placed where they
will not be exposed to high winds and away from places which are much
frequented by men or cattle. Provided there is proper ventilation in the
hives and they are not painted black, there need nobt be any shade against
the sun. When placed exposed to rain the roof should be so made or
covered with tin that no water may get in. 1t is an advantage to place
the hives so that they may get the morning sun. But in the swarming
season it may be necessary to shade them. Hives can be placed under big
shady trees and in villages, near the compound walls on the east side
facing east. If a workable shed is built over them from the wall this will
make a very good place for bees. The bees will get the morning sun, will
be protected from the midday sun and rain as well as from high winds.
The hives can be placed side by side at a distance of about 6 feet from
each other, Wall hives should be on the cast and south walls and should
be at least about four feet apart. When a large number of hives are kept
they can be arranged in rows about eight feet apart and one behind
the other. The hives should be so arranged that they stand in between the
hives in the succeeding and preceding rows.

Manipulating Bees.

The bee’s sting.—It is the sting which deters »people from approaching
bees. The sting being barbed with backwardly directed teeth, it is held
in the place where it is thrust. Not infrequently a portion of the entrails
of the bee is also left behind. The bee which is thus deprived of its sting
dies afterwards. At the bhase of the sting there is a minute bag, called
poison-bag containing a fluid which causes the irritation and swelling
which follow a sting. When a sting is received the part should not be
rubbed as is usually done. The sting should be push® out with the edge of
a knife or finger nail by applying the knife or nail at the side. - The sting
should not he pressed as in that case the poison bag bursts and its contents
get into .the part stung. If the sting is removed without injuring the
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poison-bag, there will not be much irritation or swelling. Several repeated
- applications of henzene or liquid ammonia will prevent much irritation and
swelling. If the swelling is large and painful fomentation with hot water
will afford relief. When a person is stung several times he becomes in a
way Inoculated with the poison and gradually becomes less subject to
the evil effects of the sting.
Jf the bees are handled confidently without fear and very slowly with-
out any sharp quick movements or jarring, they are not at all likely to be
irritated and to sting.

Gloves and Vejl—When angry the bees at once fly at the face. Thero-
fore it is always safe to use a veil, as shown in Figures. 57 and 58. 1t is
used over a hator a big turban so that bees may not be able to reach the
skin with their sting cven when they sit on the veil. In place of the costly

“hat or turban, asimple thing can be had made by doms (basket-makers)
Ifor about half an anna or so. This is shown in Figure 52 and is used in
many districts by labourers as a pro-
tection of the head against sun. In
gsome places it is known as matla.
Its use with a veil is shown in Figure
58. The veil is made by sewing a
piece of mosquito netting and the
portion in front of the eyes should be
dyed black for distinct vision. The

Fig. 52— Matla,” other parts exposed to the sting are
the hands which can be protected by gloves. (Fig. 67.) But it is very awk-
ward to work with gloves on and they canbe and are safely discarded after
some time when confidence is gained. Provided the body is covered it does
not matter what dress is used. (But bees do not like black objects and
it is better to wear light-coloured clothes when dealing with bees.—-
T. B. F.).

Subduing Bees.~Bees have a dislike for, and are rather frightened
at, smoke and any strong odour such as that of carbolic acid. Therefore
they are subdued when exposed to smoke or carbolic acid fumes, remain
quiet and can be handled easily. When the bees are frightened they gorge
themselves with honey and when filled with honey they show hardly
any inclination to sting. '

Smoke of burningg rags or wood may be blown on them. Tobacco
smoke is rather too strong. For smoking bees, a special and very con-
venient smoker is manufactured and sold. (Fig. 53.) It has u
eylindrical tin fire-box-with a detachable nozzle and a pair of bellows fixed

BLE-KEEPING ’ 41

Fig. 53.—The Bingham Smoker.

to it. Rags or picces of wcod are put in the fire-box and lighted and the
bellows worked with hand. The smoke comes out through the nozzle and
can be directed in any direction.

Carbolic acid is used in solution in water. One part of carbolic acid and
two parts of water are mixed and well shaken. A piece of cloth is dipped
in this solution and the water wrung out. When this clothis presented
the smell of carbolic acid causes the bees to recede quickly.

Precautions in manspulation.—Open the hive slowly, with slow move-
ments and without producing any jarring. Take out and replace combs
similarly. Avoid quick movements of hand, body or appliances used.
Avoid crushing a bee. The smell of a crushed bee irritates the others very
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much.  Similarly the smell of a sting irritates the i
. . s m. If a sting hoa be
I?CGIVf‘d,' and stings are frequently received on the gloves in bad Rm::lip:;:-‘
gon, it is better to \\:alk away slowly to a litthe distance.  Phen remove
@ sting and blow a little smoke on the part stung to hide the smell.

How to procure Bees and make a Start.

‘Ita]mn bees are not available in Tudia and even when they will he
av:‘ulnble they will have to bo purchased.  Colonies of the Indian Bee are
easily ]zrocurablo in the swarming and migrating seasons.  The swarming
season is in spring in the Plaing and in the Mills ance in September-Octo-
ber :mfl again in March-April.  To places near the Hills hees migeate in
late winter and early spring.  Similarly they migrate to the Hills in oarly
autumn.  They can be secured in three ways :— (1) by using decoy hives,
('2.).1)y capturing swarms and hiving them and (3) by hunting out and
h“.”"l-f eolonies which have al ready settled in cavities of 'lrve trunks or walls
or in the ground or in unused hoxes,

(1) Decoy hives are ordinary hives so armnged and placed that ewarme
come and occupy them.  Six frames fitted up with metal ends and starters
of. foundation are placed in the hive with a dummy behind, and covered
with quilts.  The hive thus fitted is placed in a sum;v situation, preferbly
shaded ut midduy, for instunce, under an big tree or by the wide of # wall.
In. tlll: Plains decoy hives should be pluced out early in January and in the
Hll!n in September and March.  Ocensionally the hives should e visited to
rec if bees have come and aceupied them and that the frames have not been
displaced. 1f the frmes are not properly distanced combs will be built
across them, cementing them together.

(2) If a look-out be kept for bees in the swvarming and migmting
senso;s, stray uwm'msI will lml found to acttle in bamhoos and busher and
sometimes on open places such as a hranch or tru \ ‘
They hould be looked for from midday till late in t\ulsk ;:)frt,::rntc::l N ‘\‘VI:::“;
swarm has scttled in an accessible place it can he captured in tln;‘ followin
manner. Take a small wooden box ahout %”x $* and nbout 6" d«-:z
A smaller box may do if the swarm is small. One side should he open r;nld‘
the wood or at lea.«? the inside of the box should he rough and unpolished.
Have smoke ready in the smoker. Then hold the box open side down just
over the cluster of bees or rather touching the cluster. Now apply a little
sn'xoke to the bees from below.  Much smoke should not be used.  The bees
will slow!_v crawlinto the box. The box shonld not he moved. whilu. the

are crawling into it.  When all have got into it, it can he slowly remuw?l'
but should not be turned over and should Le held open side down as it wae
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presented to the bees. In this manner the swarm may be carried to any

dixtance, provided all quick and jarring movements are avoided. It is

better to cover the open side of the box with a pivee of cloth while carrying

thebess. Before trying to drive the swarm into the box inorder to (uiet

the bees, sugar syrup may be sprinkled on them (not poured in large

quantities). After waiting for a little while during which the l.)ees \zvill lick

up the syrup aud clean each other’s bodies, the swarm can be driven into the

box in the mauner described. A swarm which has just emerged from a hive
need not be treated to syrup as the bues fill themselves with honey just

before issuing from the hive.  On arriving at the place where the hive is to
be kept, get o hive ready as described in (1), but putting in addition one
or two combs filled with sugar syrap.  (See page 57 on “ Feeding.”) The
combs of sugar syrup should be placed near the entrance. 1f no empty
combs are available the sugar syrup should be placed in a feeder 7 above
the quilt. The box with the bees may now be placed inside the hive,
its open end turned towards the frames and touching the nearcst one. The
hive is now covered with the quilt and roof, and left.  The bees will leave
the box and veeupy the frames. The box can be removed the next day
and the frames closed up with the dummy. A newly-hived swarm should
always be fed for some days.  Then they are not likely to abscond and will
Huild the combs very quickly.  As a further inducement to stay, if there are
other colonics going on, » comb with unsealed brood may be placed in the
hive. The grubs will bo taken care of by the bees which have an affection
for nurselings, and they will not be left in an uncared-for state. The
comb of brood should bo placed near the box containing the swarm. If the
box into which the swarin has beon driven is too big to be accommodated
in the hive, n gap may by produced in ths hive by moving two or three
frames towards the back and the whole swarm jerked into this gap by a
sharp quick movement and the frames and dammy drawn forward and the
hive at once closed with quilt and cover.

Sometimes the swarm settles at a place where it is not convenient to use
box and smokein the manner deseribed.  1f it has scttled on a branch the
box may be held with the open side up just under it and the branch
suddenly struck with a thick stick with such foree as to dislodge the whole
swarm into the box. The box is at once covered with a plank or cloth and
turned upside down. The cluster will soon settle in the box and can then
be hived. A wide-mouthed cloth bag can be used to catch a swarm which
hassettled on the branch of a tree. The open mouth “can be passed up from
below and closed over the cluster. The bees are carried to the hive and
poured over the frames. If the mouth of the bag be not raised frec from
the frames the baes will not be able to fly.
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When a swarm settles on ahigh inaccessible branch, a cloth bag can be
used in the following manner. Its mouth is sewn round a loop of bambqo
branch and the loop tied to theend of a pole. (Fig. 54.) The loop is

Fig. B4.--Swarmn catching bag.

raised and made to touch the branch enclosing the swarm and then quxctl)clx
drawn towards one side disengaging the swarm into Phe bag and the bag
quickly turned edgewise preventing the bees from escaping.

Greneral directions for capturing and hiving swarms ar
On these principles judgment may be used as to how best 1t ¢
varying the conditions a little. :

Sometimes when a swarm settles on a branch which can easily be cut,
it can be carried home on the branch and hived directly. For this purpose
the bees require to be gorged by continuing sprinkling them with sugar
syrup for some time.

1f use is made of bar-frame hives in which the body box is capable of
being removed from the floor-board, swarms can be hived in the following
manner, which is, however, not quite suitable for the Indian Bee, but does

e given above.
an be done by
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well for the Italian Bee :—The front of the body box is slightly tilted up
from the floor-board so as to present an entrance along the whole breadth of
the hive. A plank or piece of cardboard is held just over the alighting
board so that when the bees are poured on the board they can easily enter
the hive. By a judicious application of smoke the bees can be made to
enter the hive. Some of them may be pushed gently with the hand into
the hive and the others will follow.,

(3) When a colony has already scttled and built combs in a place, the
combs are cut out along the line of attachment and fixed into frames.
For this purpose a comb-fixer is made with a stiff wire, as shown in Figure
55, by bending the ends of the wire at right angles and soldering cross pins
to its body. Two of such wire-comb-fixers are fastened to each frame us
shown in Figure 56. A comb is cut out and fastezed into cross-pins of
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Fig. 65 Fig. 56.—Frame fitted with wirc comb-fixers,
Wire comb-fixer.

comb-fixers, so that its upper edge touches the under-surface of the upper
bar of the frame. If the upper edge of the comb is not straight, it can be
levelled by cutting off a portion and then fixed into the frame. The bees
soon fasten the comb to the lower surface of the dpper bar of the frame
with wax and the wirescomb-fixers ean afterwards be removed.

When a colony has built combs in the cavity of a tree-trunk or wall, in
the middle of a bright day when bees are flying freely, a wide opening
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is made so that the combs may be cut out with the hands. Before this is
done a hive is got ready as in (1) but without any starter of foundation in
the frames which are now fitted with the wire comb-fixers. The Lees are
plentifully smoked before the operation is commenced. After the opening
is made, by blowing smoke on them they can be made to leave the combs
which can then be cut out one by one and fixed into frames and placed in
the hive. The bees will cluster away from the combs, If there be space
and convenience they can be driven into a box as in (2) and put in the hive.
If this is not convenient the cluster can be scooped up with a bowl which
is at once closed with a piece of plank and then inverted over the framcs
in the hive, the covering being slowly removed. The bees will crawl down
and occupy the combs. The hive is now covered with its quilt am} roof.
The queen is sure to be brought into the hive with the cluster in this way.
Some bees will remain inside the cavity. They can be smokcfl out or swept
out with a feather. The cavity is now closed with mud entirely and i:,he
hive so placed that its entrance be ncar where the entrance of the cavity
had been.  The hive is left there till it is dark. The flying bees will enter
it in time, The hive can be carried in the dark and placed in the perma-
nent situation.

The transferring can also be done in the evening after darkness has set
in.  In the middle of the day many bees take wing and Lover round the
operator. At night the bees do not fly and therefore' can be managed
better. If it be nob inconvenient the transferring is better done in
darkness, of course use being made of light which is kept at some

distance.

In the same way, bees from a log or box or pottery hives can be easily
transferred into bar:frame hives. This is always better done.in the middle
of a bright day when bees are flying freely. lfur tra-nsfern.ng.from a log
hive a sort of a box is necessary with one open stde which w1ll' fit the open=-
ing on either end of the hive. Pirst of all smoke is driven into the hive
through one end and the hive removed to a {ittle distance, the new frame
hive being placed in its position. The log hive is turned over, tilted up a
little and stood in a somewhat inclined position so that the combs attain a
reversed position. Put ina little more smoke. After a little while place
the box at the upper end which is now opened, and beat the sides of the log
with two sticks. The bees will leave the combs and move upwards into the
box and cluster in it: The cluster may be kept aside a little. The log
bive is opened, the combs cut and fitted into frames by means of wire-
comb-fixers and placed in the frame hive. The bees are then put in and
the hive covered up with quilt and cover.
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Fig. 68.—Examining s hive.

Fig. 87.—Examining a hive.
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Similarly bees from a box hive may be transferred by taking away the
bottom of the box, turning the box upside down and placing another box on
it.

Transferring from a box can be done in another way. The bees build
the combs on the under-surface of the upper-side of the box. 'This side of
the box can be slowly removed with the combs and bees and placed over
the empty (without any frames) frame-hive which is now stood in the
position of the old box. By the application of smoke, bees can be made
to recede from the end comb which is cut out, fixed into a frame and placed
in the hive at the other end. In this way all the combs can be removed
one by one, fixed into frames and placed in the hive. The bees as they
recede from the combs which are being cut out, crawl on to the combs
which have already been fixed into frames. After all the combs are thus
removed the original plank is removed and the hive covered up with quilt
aund cover.

By varying the devices and using a little judgment all colonies, in
whatever position they may be, can be transferred into bar-frame hives.

When a colony of bees is purchased in a bar-frame hive, all that
is vequired is to transfer the frames of combs with bees from the travel-
ling box into a proper hive, Those which may adhere to the sides

of the travelling box may be jerked down on the frames or in front of the
hive. '

Examining a Hive.

The best time to examine a hive is any time on a bright day when bees
are flying freely. Hives should not be opened on chill windy days. Rainy
days should also be avoided. Special care is to be taken to see that the
brood is not chilled. If chilled, the brood dies.

Figures 67 and 58 show a hive being examined. First of all take away
the roof. Then puff in a little smoke by raising the blanket and replace the
blanket and wait for two or three minutes. Now roll away the blanket
from one end. Frequently the frames are gummed to each other and to
the hive with propolis. Loosen them by slowly pushing the edge of the
knife between the metal ends. If the hive is full of combs the end one is
taken out, examined and stood on the ground, leaning on the hive. The
other combs are taken out one by one, examined and replaced in the hive.
Inexamining a comb it is taken out by holding the two ends. One side is
easily visible. The other side is brought into view through the various
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The frames of the combs are kept at proper distances by means of the
spacers.  If they are left further apart extra combs may be built in the
extra space. 1f the distanece is less two frames may be joined by cross
combs. The combs should be straight. If a comb is bent it should be
straightened by pressure with hand and if this is not possible the bulging
portion should be cut off. There should not be more combs in the hive than
can be covered by the bees. The extra combs may be stored in properly
closed boxes and given to the bees when necessary. All the combs should
be pushed towards the entrance and if an open space is left inside the hive,
the combs should be enclosed with a dummy behind.

Ordinarily the hive ueed not be opened every day for examining the
bees. It is enough if it is opened and examined every 10 or 12 days to
see (1) that the queen is there and laying eggs. It is not necessary to see
the queen actually. If there are eggs and voung brood, it can safely be
taken for granted that she is alive and active; (2) that there is food for
the bees, in the shape of sealed or unsealed honey ; (3) that all the combs
are covered by the bees; if not, take out the extra combs; () that Wax
Moth or any other enemy has not got in, Combs which are not co.vcred
by the bees may be infested by the Wax Moth caterpillar. In the %uve of
the Indian Bee frequently debris collects on the bottom consisting ot
broken pieces of cappings, etc. Wax Moth caterpillars are fl'eque‘ntl?v
found present in this debris even though the combs are uninfest?d. Their
presence is indicated by the webbing of wax and other particles into tubes.
The debris should be cleared out, the caterpillars, if any present, should be
killed, either cut with a knife or crushed under foot,

But a visit should be paid every day to the hive for a few minutes only.
By a little experience the bee-keeper will find out whether matters with the
bees are all correct or not, by simply looking at their behaviour, A visit
in the morning will help to diagnose the condition of the colony almost as
accurately as actual examination, On all bright days the bees should do
field work, flying out and bringing in loads of pollen. The amount of
field work varies according to season, more work being doue in the season
of honey-flow than at other times. If instead of working as usual
the bees are found flying in front and round the hive as if seeking
something, or listlessly sitting and hanging about the alighting board,
there may be something wrong and an examination may be necessary.

The bees do little work in the rainy season as they find little forage
outside. If no food is left in the hive, it may be necessary to feed them.
Also they do hardly any work when it is very cold and at this time
too they may require food. (See “ Feeding’’ below.) When forage is
short, breeding is carried on at a very slow rate, the queen laying a
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small number of eggs and a small number of bees being reared. After
the rainy season is over, breeding is resumed at an accelerated rate and it
may be nccessary to provide more combs in order to provide the queen with
more laying space. The population of the colony will increase. When the
combs in the hive are all covered by bees and filled with honey, brood and
eggs, fresh combs can safely be added, being placed in the middle. By
gradually providing more space the population of the colony should be
increased as much as possible. The more populous a colony in the honey
season the more honey it will gather, yielding greater surplus. When
combs are not available, frames with full sheets of foundation should be
supplied and combs will be built on them. It is only in the honey-flow
season that combs ean be got built by the bees. In the Hills the more
imrortant honey-flow occurs in October-November and the bees will gather
enough honey to yield a surplus. In the Plains at this time there is a
short minor honey-flow ; the bees gather a little honey but not enough to
yield a surplus. The main honey-flow occurs in the spring in the Plains and
a second honey-flow at this time in the Hills, surplus honey being obtained
in hoth localities. The surplus honey is taken out by the bee-keeper and
represents his profits. The method of taking out the honey or “ extracting ”
as 1t is called is described below on page (9. The bees continue to get
some honey till the end of May or even the middle of June, but of course
in less quantities than in spring, Breeding is also carried on at a maximum
rate in the honey-flow season and decreases gradually. At this time the
bees do not require so many combs in the hive. 'Therefore the surplus
combs should be taken out and stored for nse later on. If enough honey
is left in the hive to serve as food for the bees till forage is available in the
autumn, they will not require much attention.

Unless there be a source of water near the place where bees are kept,
say, a pond or spring, water should be provided in a vessel which should
be kept in a cool shaded place and it should be changed very often.

Feeding.

Bees do not require to be fed always, as they gather their own food, viz.,
honey and pollen from plants so long as they are available. Even when
honey and pollen become searce in the fields it is not necessary to feed them
so long as there is a store of these substances in the hive. Honey is the
prineipal food of the adult bees and if there be no honey in the hive they
will starve and it becomes necessary to supply food to prevent them from
starving, in the shape of honey or honey diluted with water or sugarcandy
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or sugar syrup. The feeding thus given may be called « starvation feeding.”
A starving colony may desert the hive and abscond. Pollen is the principal
food of grubs and without pollen brood-rearing is not possible, Usually
bees gather pollen even when the plants are not secreting nectar and it can
be easily found out whether any pollen is being gathered by standing in
front of the hive and watching the bees which are returning from the fields.
Loads of pollen on the thighs of hind legs of returning hees are easily
distinguishable.  If no pollen is being brought in, and there be no store
of pollen in the hive, it hecomes necessary to supply a substance which
may serve for pollen, so that brood-rearing may not be stopped. Any of
the following can be used as a substitute for pollen, viz., ground whole
kernels of oats, corn and wheat, cotton secd meal, pea meal, wheat flour,
rye flour, bean meal and barley meal. The common practice is fo use rye
meal or pea meal. The substitute has to be scattered on & board or on

. . ive and protected
elean dustless ground in a cool shaded place near the hive P

from rain. In India, at least in the Plains, bees gather p(;yendthrmfghoqt
the year, but get very little honey in the rainy season. rot(: h—rearmg is
not carried on satisfactorily on a large seale un.leSS the k‘)ees‘ g‘;} e ;n']ey'tlo]?
outside sources, though there may be S"‘,ﬁment St&l)e H]l ’111 tl]l v sle]\ '
Therefore in the rainy season brood-rearing 18 at an e an(t:':; f‘e ﬁo o
that is gathered is nob used. For this rcason a large quantity of pollen is
found stored in the combs at this time. FOOfl m;ﬂ)vy be supplied to accelerate
breeding and this is called stimu]utlf’e feeding. . .

As a rule it is better to do away W.ltll the necessity Of_ feedm.g bees .ﬂt
any time. If after the honey-ﬂow is (.)ver encfugh f.ood 1s'1ef(z in the hive
it will not be necessary to feed th.e bees in the tln}e of s?a‘rmty in 'the rainy
censon. A little stimulative feeding can be practised with profit in special
circumstances. To take a concrete example, at Pusa a short minor honey-
flow oceurs just after the rains at the end of S'ept?mber or carly in October.
Breeding is ace elerated Ly the bees at this time. Breeding is again
retarded when this flow is over and resumed on a large scale by the middle
or end of Janunary when the main honey-flow commences. A little
stimulative feeding may be given when the minov flow is over so that
brood-rearing may he continued unchecked. 7This will be profitable because
when the main honey-flow commences there will be a large body of workers
ready to gather the honey as soon as it is available.

Discrimination should be used in supplying food, and when to supply

it, has to be determined by the bee-keeper by examining the condition of the
colony.

(1). Starvation food should not he supplied in larpe quantities, .e.,
approximately not more than what ig required. If more is supplied all
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combs will be filled with the surplus, leaving no room for the queen
to lay eggs. Therefore brood-rearing may be seriously interfered with.
Whether more is heing supplied than necessary can be found out by
examining the combs. If a large quantity is being stored the supply should
be decreased.

(2) For stimulative feeding too the above applies. In addition stimu-
lative feeding hardly serves the purpose when the colony is very weak in
population and when the queen has ceased to be prolific. It serves the
purpose well when the colony is fairly populous and possesses a prolific
queen. Therefore if it is intended to apply stimulative feeding to a very
weak colony, care should be taken to increase its population by the
addition of sealed brood or bees from other colonies.

Food and how to give it.

The best food is honey. If there is capped honey in any comb, the
capping may be scratched and the comb placed in the hive. The bees
will utilize the honey. If there be any capped honey in the hive, the
capping may be similarly scratched.

Extracted honey can be supplied diluted with water in the proportion
of half water and half honey and warmed a little. Good cane sugar
dissolved in water in the proportion of 1 Ib. sugar in 1 pint water and
warmed « little serves the purpose equally well. Fermented honey should
not be fed, nor any honey of which the source is not known; because it
my contain disease germs. If any purchased honey is used the solution
should be boiled for about half an hour and should then be supplied when
cooled. The liquid food is poured into an empty comb which is then placed
in the hive.

Various kinds of feeders, i.e., vessels in which to supply. food, have
been devised. Use of empty combs is the best as it places the food at once
within the reach of the bees. Any flat bowl or tin pot can be used as
feeder. The food is placed in the pot and some straw or sticks floated on
the food so that the bees may find resting place or they get drowned in the
food and die. The pot is placed on the frames. If its sides' are smooth,
some straw or sticks may be placed in a slanting position both inside and
outside the pot so that the bees may easily walk over these supports and
reach the food. A satisfactory feeder is made with a wide-mouthed bottle
or glass or tin can. It is filled with food and its mouth tied with a piece
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of cloth as shown in Figure 60a. It is quickly inverted and placed on the

=

k for feeder.
Fig. 60 a.—Tin can feeder. Fig. 60 b,—Wooden bloe

frames mouth downwards. The bees ?u"k ou.t theIiOZfd:f I;E(:ll:-;gl:lerttl::
cloth. This does very well for stimulative fee{h}‘g." 60 b) may be used
secure and steady it on the frames a blol‘]ﬁk gft::%toti];g' A very S;ttisfactor;
in which a bole is made t(.) fit thj n:‘?::; : jam bottle having a screw top
ffeeder is maAe fow big holes are cut in the tin
tin covfll“ile bottle is filled with syrup, the cover put
covel‘-d jece of cloth tied over it. It is similarly
0;1 and : :vzrte d in a wooden block on the frames inside
Ehaecehive- (Fig. 61.) When itis very cold and it is
not advisable to remove the blanket, a hole may be ecut
in the blanket and the block of wood placed over this

\ hole so that bees can take the food down without allow-

ing any cold air into the hive.
AN

Fig. 61.
_Bottle-feeder.

Robbing.

In times of scarcity when no honey is available from plants, bees try
to rob each other. Usually weaker colonies are robbed by stronger ones.
The bees force their way into the hive they rob, take the honey and store
it in their own hive,

The surest preventive of robbing is to keep all colonies strong and to
keep them provided with food. Starving bees make desperate attempts
at entering other hives even though they may die in their attempt.

Robbing is excited if honey is allowed to be spilt or to remain exposed
near the hives. Bees get into the bad habit of robbing when they get
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honey so easily. In times of plenty they do not mind honey thus left
exposed. For this reason in times of scarcity hives should be opened and
closed as quickly as possible. It may be advisable to do away with the
necessity of opening hives at all at this time. The smell of the honey in it
may induce robbing. For the same reason it is advisable to supply -food
at dusk when bees have stopped flying, if any colony requires to be fed at
all, In times of scarcity the entrance hole should be diminished so that
bees may be better able to guard it against robbers.

The Indian Bee is specially prone to robbing when in want of food
and if Italian bees fave kept, it will be found always making desperate
attempts at entering the hives of Italian bees in the rainy season and vp to

September.

How to take the Surplus Honey.

The surplus honey is taken in two ways. (1) It is allowed to be stored
in ordinary combs and then extracted by means of an extractor as deseribed
below. The honey thus secured is called “estracted” honey. (2) The
other method is to make the hees build small combs in special small frames,
called “sections’ (Fig. 62) and store the surplus honey in these small

=
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Fig. 62.— Section for comb honey.

combs. When the honey is capped, the section-with the comb:is sold,
being enclosed in a glass case. The honey thus secured is known as
“spotion > or more commonly ¢ comb ” honey.
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1t is more difficult to secure comb honey from the bees and comb
honey cannot be produced unless the honey-flow is very rich and the bees
are good gatherers. It is no use trying to secure comb honey from the
Indian Bee. Even with the Italian Bee, the beginner is recommended to
take only extracted honey.

Surplus honey from the Indian Bee.—As stated above only extracted
honey should be taken from this bee. All that is necessary is a queen
excluder dummy (Fig. 63) which is placed between the combs in order to
partition off some of the
combs from the queen. The
3 queen having no access to
them there will be no eggs
laid in them and consequent-
ly no brood. Combs con-
taining both Loney and
brood ean be placed beyvond
the queen-excluder and when
' the bees have emerged the
Fig. 68.—Queen-excluder dummy. ho ney can be extracted.
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"
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The kerosene-box hive is capable of accommodating 14 combs and the
standard hive 12 combs for the Indian Bee. These combs are more than
sufficient for a strong colony of this bee and in fuct when it has attained
to this strength, it is very likely to send out a swarm. Some of these

: combs are partitioned off with a
queen-2xcluder dummy for storing
honey to be extracted. No
separate chamber or box 1s neces-
sary for accommodating combs
for surplus honey. In exceptional
cases when 1t is necessary to find
more accommodation, this can be
done by adding another box above
the hive in the manner described
for the Ttalian Bee below.

Surplus honey from Italian or
any variety of the FEuropean
Bee.—Both extracted and comb
honey can be secured from these
bees. For extracted honey a box
of the same construction as the
body box of the hive but without
the entrance hole, is placed above
the body-box as shown in Figure

- 64.
—Hive with super on. Note how the size of entrance hole can be jregulated by
tuserting two pieces of wood.

Fig. 64,
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) Figuré 65 shows the parts of ‘the same. A layér of combs is placed in

Fig. 65.--Hive fitted with super for extracted honey ; parts shown separately,

F.~Floor board.

B.—Body box.

E.—Queen-excluder sheet.

S.—Super.

R.—Roof.
the. second box in the same way as’in the body:box. This second : box is
known as a “ super ” or “doubling box.” More than one -super can be
used, one above another, when large quantities of honey are being gathered.
In order to prevent the queen from getting to the combs'in the super and
laying eggs in them, a queen-excluder zinc sheet is placed between  the
body-box and the super.

F2
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For comb honey, sections are requived. They are sold in the form of
flat pieces as shown in Figure GG which is folded into the section shown in

— %
L——3

Figure 62, Thevs is a slit at the upper side of the folded section into whi(.:h
is fitted a piece of thin comb foundation, specially manufactured for use in
supers and hence called “super foundation,” the four.datio? used. in
ordinary frames being distinguished as “ brood found.ation-” The sections
are arranged in a box, called a ¢ Section Rack » (Figs. 67 and 68) open

Fig. 68.—Section unfolded.
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Fig. 67.—Section rack with sections arranged, Fig. 68.—Section rack to show how sections
are arranged,
(a) Tin divider. () Spring.
-both at .bottom and top and with only bars at the bottom for supporting
‘the sections. A thin wooden or tin partition, called a * Divider ” is used
between the sections so that combs may be built separately in each. The

sec?ions are held tightly in the Rack by means of wooden boards and
springs.-
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'he Section Rack is placed inside a super as shown in Figure 69 with a

Fig. 69.—Hive with super arranged for comb honey ; parts shown separately.
8.—Super with section rack in place.  Other letters as in: Figure 65.

queen-excluder sheet below. In supers for accommodating Section Racks,
the inside walls are dispensed with. -

_ The upper chambers of the wall hive, which has been recommended to
be made according to the measurements given, are for use as supers which
can be utilized both for extracted and comb honey. _

When the combs in the sections are filled with honey and capped and
before the Rack is taken off, the bees are cleared off by using what is known
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While conducting the bee-keeping experiments at Pusa, a simple honey

as a Super-clearer (Fig. 70). It isa flat board of the size of the bottom : :
extractor ® shown in Figure 72 was made. A A is a solid round ivon rod

of the Rack and having in the middle a spring Bec-escape (Fig. 7i) which

allows bees to come out of the super but not to go back into it. ‘ )
- el
X ':'ro. T
A,
I
Fig. 70.—Super clearer, Fig, 71— Yorter ” spring bee-escape.

The Honey Extractor.

The Honey Extractor is a machinein which combs are rapidly revolved in
such a way that the honey 1s thrown out of the cells and received in a
vessel. The principle en which it works is this. 1f a weight is tied to the
end of a string and rapidly whirled, there is a pull on the string and if the
hold of the string is let go, the weight will fly off to a distance. This force
is known as centrifugal force as the weight flies away from the centre of
revolution. If a comb of honey is held with its surface at right angles to
the centre of revolution and revolved, the honey of the outer cells will be
thrown out, while the honey of the inner cells which face towards the centre
of revolution will remain as it is, although these cells may be open, and will
nat be thrown out until the comb is turned so that these cells face away
from the centre of revolution. On this- principle many kinds of honey
extractors are made and sold. They are of different capacities accommodat-
ing one grbmore than one comb to he e‘xtracted at a time. Each comb is
;If):z::c:]je f;?; ;: ire-netting cage preventing the comb from breaking away

Fig. 72.
Honey Extractor.
#Daseribed in the Agricultural Journal of Indie, October, 1911.
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.J)intetl at the lower end for being driven into the ground. C C is a
eylindrical iron tube which loosely fits over the rod, and is hel(i at its upper
pal.-t by means of the metal collar B soldered to the rod. To one éid: Pof
C is rivetted the handle D and to its opposite side, two V-shaped arms F F
which hold the honey-can G. The honey-can is made out of an ordinaf
kerosene tin. Inside the honey can there is a grooved wooden frame-wor)k"
H, with a slot J at each extremity of the lower side to receive the project-
ing end of the frame of comb. K is the wire-netting comb-cage, shown

drawn out. The comb is fitted into this cage and slid into the groove of

H. In Figure 73 the comb is shown about half put in and the man is ready

Fig. 73.—Extracting honey, The comb has been slightly pulledjout to show its position.

to revolve the maf-hiné. At E a piece of hollow bamboo loosely fits the
han.dle and makes it easy to turn the machine. The comb-cage K is made
of tin and galvanized wire-netting, the galvanizing of the netting being
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carefully burnt off. No galvanized material should be allowed to come in
contact Wwith honey. The honey is thrown out and received into the can
and then poured out.

Similarly a machine can easily be made to extract two or four combs
at a time. A convenient one and much better than the above is shown in
Figure 74. The comb-cages are fixed in a separate revolving part and there

Fig. 74.—Cylinder Honey Extractor.
(a) Gate for drawing out the honey.  (3) Revolving part with comb cages shown separately.

is a separate cylindrical drum in place of the fixed honey cans. The
uncapped combs are simply stood against the wire-cloth walls and the
machine revolved. This machine is an efficient extractor suitable for a
tolerably large apiary. When making a machine the size of the comb-cage
should be such as to receive a standard frame. Then the combs of the
kerosene-box hive can also be extracted in the same machine.

Extraction of Honey.

After the honey cells are capped the comb is taken out and the bees
brushed off from it back into the hive by means of a feather. The comb is
then taken away and the honey cells opened. This is done as follows s-=
Two honey knives are placed in hot water so that the blades may be heated.
The comb is held in the left hand in a vertical or rather slanting position
and stood on a dish. The cappings are sliced off by passing the hot blade
of the knife flat on the surface of the comb and just under the layer of the
cappings. When one knife gets cool it is placed in the hot water and the
other used. Both the surfaces of the comb are uncapped in this way. If
the comb bulges out anywhere, as it frequently does in the upper part, the
bulging portion should be cut off so asto make the surface of the comb
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-level. Then it is placed in the comb cage of the extractor. The extractor
is revolved slowly at first and when about half {he honey of one side bas
been extracted, the comb is turned so as to extract the honey of the other
s%de. The extractor can be revolved with full force now and when this
side has been extracted, the comb is turned back again to extract the honey
left in the first side. When the comb is full of honey, the above method
of e'xtr:'wtmg should be adopted. If revolved with full force from the
beginning, the weight of the honey may break the comb. If, however,
combs are not so heavy with honey, not being full of it, they can be revolved
with force from the beginning. The comb will yet remain wet with honey
after extraction and should be given back to the bees and will be soon licked
dry by them. The honey is poured out of the can and strained through a
muslin to remove broken picees of cappings, cte. When a number of combs
are extracted the cappings from them contain some quantity of honey.
This Loncy can be got out from them in a pure condition if treated in the
manner described in Appendix A.

Uncapping and extracting should be done in a closed place, for instance,
inside a room. If done in an open place, bees will be attracted by the smell
of the honey and will render the operation difficult. In the scason of honey-
flow when plenty of forage is available, bees may not be attracted, being
busy with gathering honey. But during the period of decreased honey-flow
or drought, bees are sure to be attracted and will come in numbers to rob the
honey. Al extraction should be done as the surplus is available. At lcast
no extracting should be kept waiting to be done till the wet season. If left
over till tl'len, the honey will be of a deteriorated quality, as it rapidly
absorbs moisture from the atmosphere and may ferment and become sour.

Also no combs should be stored away from the hive, which are not com-
pletely dry and empty. Combs containing pollen should be left with the

bees. If there be any honey or pollen in the stored combs, both ferment
and are attacked by a mould in the wet weather.

Ripening Honey:

-As a rule the s?rp]us honey should be extracted from the hive after it
has been properly ripened by the bees themselves. This is indicated when
the .honey-cells ate capped. Sometimes it becomes necessary to extract
UDIIPE Or green honey in order to make room for more store. It can be
ripened by tl.le application of solar or artificial heat which will evaporate the
excess of moisture, In places where the temperature in the hot weather
goes beyond 100°F, Tipening is easily done by leaving the honey for a few
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days in a tin vessel in a warm place. The hot temperature evaporates the

excess of moisture. This is more quickly done if the vessel is placed in the

sun. When the ‘sun is not available, artificial heat may be used. The
vessel may be stood near the oven in the kitchen or better in hot water.

Dircct heat should never be applied to honey which should always be heated

when necessary by being placed in hot water which again should not be

allowed to boil. It is best to evaporate the moisture slowly by being kept

in a hot water bath with a temperature of about 150°F.” and never going

beyond 160°F. Many kinds of honey ripening vessels, called  honey-

ripeners *’ have been made and are sold. When large quantities of honey

are dealt with, it is convenient to have one. A simple and eflicient one is a

tall cylindrical or square tin vessel with a closely fitting cover. If a tap is

attached at the lower part for taking out the honey, it is very convenient

and quite satisfactory and complete. The extracted honey is placed in it
and allowed to settle. Particles of wax which may be in the honey and the’
thin honey rise to the top. The ripe honcy can be extracted from below
and bottled.

Conditions necessary for the production of Surplus Honey.
A colony of hbees will yield surplus honey under the following
conditions :— : .
(1) The colony must be populous so that there will be cnough bees to
gather honey. A weak colony may not yield any surplus at all.
" (2) The plants must secrete enough nectar. ’
(8) The climatic conditions must be favourable for the bees to forage.
‘ ‘Bees cannot work on chilly, windy or rainy days. On warm
-windy days they goout to work but miny are lost, thus
weakening the colony. :
1f all the above conditions are present, a colony will yield surplus honey
and a variation of these conditions will cause a variation in the amount of
the yield. Items (2) and (8) are not within the control of the bee-keeper.
But he can manage to have strong colonies when the honey-flow comes on.
Here a knowledge of the time when the honey-flow occurs is useful. We
know that worker-bees are born in about three weeks from the time the eggs
are laid and they go out to forage in about two weeks after their birth.
Therefore brood-rearing should be pushed at least about a month before the
commencement of the honey-flow, so that there may be enough workers
present in the colony ready to gather the honey assoon as available. We
also know that more brood is reared when the bees get honey and pollen
from outside. Therefore if they do not rear more brood when it is desired,
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they can be made to do so by giving them fcod, either hohey or sugat-
syrup ‘f"‘_l a substitute for pollen, either rye meal or wheat or oat m:al.
When it is not possible to strengthen colonies by stimulating breeding, two
or more weak colonies may be united (sce * Uniting ) to make a strong
one.  When however the colony is thus made strong, the bee-keeper may b:
faced v\.rith one difficulty and that is, that the bees may like to swarm and
batie his efforts by thus dividing themselves and consequently weakening
the colony, Therefore precautions must be taken to prevent swarming.

Uniting.

Uniting is joining two or more swarms or stocks into one. The swaims
of the Indian Bee are usually small and when many are available they can
be strengthened with advantage by two or three being umited into one.
The simplest way of uniting swarms is to hive them together in the same
hive. If one swarm has already been hived, another captured in the course
of the same day, may be put in the same hive after first of all smoking both,
Similarly swarms which issue out of one’s own stocks may be united. Out
of two or three queens which may be put in with the swarms only one will
be allowed to live.

Two weak stocks may be united to make a strong one, Fop this purpos
the stocks should be moved towards each other (see Moving Bees ) ulnt'(;
the hives are brought close to each other. Then on 5 brigh t day whea be el
are freely flying both the stocks are smoked well and the Le 8
in both are sprinkled with syrup which is scented wi), peppermint Tl?sr
peppermint will hide the distinctive smell of the two colonies ' o lc
just so much peppermint should be used ag wi] afford a smell A;l ex::e'y
of it has a choking effect. Cloves, anisecd op any other aromai.;ic substan::
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may he used. Then the frames of combs from one are taken out and placed

alternately with the combs in the other hive. The empty hive is removed

and the occupied one placed in the intermediate position between where

the two hives stood before uniting. The flying bees will come and enter

thishive. Of the two queens only cne will be allowed to live. 1f there be
a choice between the two queens, the younger and better one may be
protected by being confined in a queen-cage (Fig. 75) just before
uniting. The other queen maylbe utilized elsewhere if necessary.

The queen-cage.— A simple and satisfactory queen-cage is made with a
piece of wire-gauze by cutting off pieces about £ inch square from its four
corners and then bending the sides as shown in Figure 75. Some strands of
wire are removed from all the four sides up to about half of the cut portions.
When complete, the cage should measure about 11” to 1§” each way and
about 4 inch deep. Another type of bigger cage is made in the same
manner measuring about 4” or 5” in length, about 2” in breadth and about
% inch deop. The wire-gauze with which these cages are made must have
about 12 meshes to the linear inch. The queen is confined in this cage
which is pressed into the comb up to about half its depth. She should
better be confined towards the middle of a comb. The place where she is
confined should have several cells of uncapped honey. If she has to be
confined over capped honey, the honey-cells must be uncapped. If workers
are just hatching out from a comb, the queen is better confined over the
hatching bees with the bigger type cage with enough uncapped honey, If
no hatching bees are available, the smaller type cage must be used. The
hive is examined after about 24 hours and if the bees are hostile towards
the queen, many walking over the cage rather angrily trying to sting her,
she must be confined for another 24 hours. Then when they are reconciled
to her, only a few sitting or walking slowly on the cage and smelling and
caressing her, the cage is taken off.

When a stock becomes queenless through accident or death and if the
bees have no opportunity of rearing queens to re-queen themselves and also
there is no queen available to give them, the stock should be united with a
queen-right colony. The queenless colony has to be moved to the queen-
right one and then united, the queen being confined beforehand.

Prevention of Swarming.

Overheated and overcrowded bees are particularly prone to swarming.
Therefore care should he taken to see that there are’always enough empty
combs for the queen to lay eggs and also for the bees to store honey. This
can-be secured by frequently extracting honey and adding more combs.
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Tl}e hives shon-ld he shaded in the hottest part of the day and if necessary
:l}::: :::m;) quilts may b.e djsgwnsed with, keebing only a thin one so that

e v be good ventilation. If many hees are found sitting near the
entrance on the alighting board and vibrating their wings, arrangements
should he made for proper ventilation. If enough space for the bees in the
shape of combhs 1is provided so that fhey may sit rather spread ouf, over-
heating of the bees will be minimized. '

The queen should be kept towards the back of the hive behind the queen-
excluder division board and when tlie combs to which she has access, are
filled, they should be transferred in front of the queen-éxcluder and replaced
by empty ones. As soon as drones are found in the hive, the queen should
be thus confined by the division board. If the brood becomes overcrowded,
a condition which will not happen always and certainly never before about
the middle of the honey-ﬂow, some of it may be given to weaker colonies.
This is done by simply lifting a comb from the hive, brushing off the
adhering bees back into it and putting this comb in the middle of the combs
in the weaker colony. This removal of brood, however, should be done
judieiously so as not to take away so much as to weaken the colony, * Bees
die quickly and in large numbers in the busy season and therefore much
brood is required to replace deaths.

The hives should be examined frequently, every five or six days, and all
newly-commenced quef.m-cells should be destroyed. If queen-cells are de-
stt:oyed when they are Ju'st commen.ced or contain only eggs or young grubs,
this goes a great way in preventing swarming. When the queen-grubs
mature their dest‘rucfnon has hardly any effect. In the case of the Indian
Bee, when the reigning queen has been confined at the back of the hive with
an exclud.er dummy, a new queen may be allowed to be reared, The new
queen Wl.“ not lead out any SWE?!‘m. The two queens will live amicably one
on each side of the dummy. Tt is an advantage s more brood will be reared.
.Some . bees are, hox.vever,‘such fletermined swarmers that they are not satis-
fied Wlth_"“‘f Swarming. In this case artificial swarming may be resorted to.
(For artificial swarming see  Increase of Colonies.”)

Increase of Colonies.

If it 15 intended to increase the number of colonies, it can be done in two
Ways M

(1) Natural swagming.—The bees are allowed to swarm and the

swarm captured and hived in a new hive. When a swarm

18sues from a colony it usually settles in a neighbouring place,

on a wall or on the branch of a tree or bush and remains there

for about half an hour. Then the whole.swarm takes to wing
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again and flies away to the place they select as their permanent
quarters. Therefore the swarm must be secured when it has
settled and before it flies away to a distance, or it is lost. In
order to prevent after-swarms the colony from which the swarm
has issued or as it is called the “stock,” must be watched and
aé soon as a new queen has emerged, the bees will demolish the
other queen-cells if they do not like to swarm again. If how-
ever, the queen-cells are not demolished and if the new queen
which has emerged seems to be a perfectly healthy one, that is,
not maimed or otherwise defective, it.is advisable to cut out all
the remaining queen-cells and not to allow the bees to build
any more. The new queen is fertilized in time and the colony
goes on. Thus two colonies are obtained out of one. There are
many drawbacks in natural swarming: Tt is necessary to keep
a watch for the swarm and when it issues it must be attended
to at the expense of other, probably more important work.
There is thus every risk of the swarm being lost. Therefore
all bee-keepers resort to artificial swarming. ,

(2) Artificinl swarming —Artificial or forced swarming 'is dividing

the bees in a colony without allowing them to divide them-
selves by natural swarming. If there is only one colony this
is better done when the bees are making preparations for
swarming (see page 20), that is, when the colony is full and
queens are being reared. But it can be done when the colony
is full and plenty of forage available. Select a bright day

-‘ _ when the oldest queen-grubs are about § to § grown. Have

one hive ready with 4 or 5 frames with starters of foundation,
a dummy and quilt. Go to the stock (or parent colony) in
the middle of the day when the bees are fiying. Take out the
comb on which the queen is found and place it in the new
hive. Now move the stock a little and place the new hiye in
its position. Take out some more combs from the stock and
brush the bees from them into the new hive with a feather,
replaeing the combs in the stock. In this way about one-third
of the bees found in the stock at the time may be brushed into
the new hive. Then the stock should be removed to a distance
of not less than six feet. The bees which are out in the fields
will join the new hive. The bees in this hive may require to
be fed and may be induced to build combs quickly if fed with
sugar-syrup. It may do.if two combs with honey have been
put in from the stock. . But care must be taken to see that
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there are no queen-cells in the new hive. In the stock the bees

will raise a queen. She will be fertilized in time and the
colony will go on.

Thus two colonies are got out of one. This method of swarming is called
“artificial >’ or “ forced " or “shook ” swarming or “ dividing ” bees. When
there are more than one colony the results ave more satisfactory if three
colonies are made out of two. It is done in this way. Let the two stocks
be numbered A and B, and the situations or stands they occupy as 1 and 2.
To illustrate graphically, they are arranged thus :—

A B
stock stook
Stand No. 1 Stand No. 2

Swarm A and place A’s swarm in stand No. 1. Move A stock to stand
No. 2 and B stock to a new situation which is numbered 3. Therefore their
position will be as follows :—

A’s A B
swarm stock stqck
Stand No. 1 Stand No. 2 Stand No. 8 -

The flying bees of A stock will join A’s swarm and those of B stock will
join A stock. A stock is the only queenless colony and whether there are
queen-cells already started in it or not, queens will be soon reared.

If it is intended to have four colonies out of two, after a few days but

before any queen has been born in A stock, B may be swarmed and the
colonies arranged in this way :—

A's B ’ B’s A
swarm stock ‘ swarm stock
Stand No. 1 Stand No. 2 Stand No. 3 Stand No. 4

B stock taking the place of A stock which goes to a new situation No. 4.
There will be 2 number of capped queen-cells in A stock. Two can be eut
out and given to B stock. The queen-cells should be eut
out with a portion of the comb so as not to injure the
queen inside, and fixed into a comb by means of pins as

shown in Figure 76. The bees will soon join it to the
comb with wax.

There are other methods of increase but they are not suit-
able for a beginner, .

— L ]
Iig. 76. ~Queen-cell
removed and ready to
be pinned.
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Re-queening Colonies.

(See * Relative Importance of the different members of the Colony,”
page 14.) In order that the colony may continue, it is necessary to replace
the queen when old by a young one.

The queen of the Italian (and all varieties of the European) Bee retains
vigour for two years and requires to be replaced by a young queen in the third
year. Young queens are available for sale in countries where the Italian
Bee is kept and in order to re-queen a colony, a young queen is purchased
and introduced into the colony, the old queen being removed at the same
time.

The queen of the Indian Bee too retains vigour for about two years. But
these bees are very prone to swarming and when swarming takes place, the
old queen goes out with the swarm and the stock is provided with a new
queen every year. (See Swarming,’” page 20.) Colonies which are allowed
to swarm will re-queen themselves in this manner,

If however the old queen is replaced by a young queen early in the
honey-flow season every year, it will go a great way in preventing swarm-
ing and will also keep the colony in an efficient condition. Re-queening of
the colonies of the Indian Bee can be effected easily in the following man-
ner, whenever there are drones present to fertilize new queens. In the Hills
as well as in the Plains drones are bred in October-November and again in
February-April. Confine the reigning queen to two or three combs at the
back of the hive by means of a queen-excluder dummy, taking care that
there are worker eggs in the combs from which the queen is excluded. The
bees will quickly rear a new queen from these eggs and when this new
queen begins to lay eggs, the old queen can be removed.

Another way of re-queening is to swarm a colony artificially. (See “ Artifi-
cial Swarming.”) When the new queen in the swarm begios to lay eggs,
the old queen in the stock is removed and the stock reunited with the swarm.

What to do when a colony loses its queen.

When a colony loses its queen, see whether there are worker eggs or very
young worker-grubs in any comb in the colony. 1f there are, cut off pore
tions of the comb just below these eggs and grubs at several places. It may
do, if only holes about 1} inches in diameter are cut. The bees will build
queen-cells over these eggs and grubs and rear queens and re-queen them-
selves. If there be no eggs or young grubs in this colony, a comb contain-
ing such eggs and grubs from another colony may be transferred to it and
the comb treated ag above. If there are capped queen-cells available from

¥
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any other colony, a capped queen-cell may be given. The queen-cell should
not be given until about 48 hours after the queen is lost. Otherwise the
bees will destroy the queen-cell and also the queen-pupa in it. Sometimes
the queen-cells are destroyed thongh given after sufficiently long periods.
The queen-cells may be protected by the queen-cage (Fig. 75) which should
be removed after about 24 hours, by which time the queen-cell will have
acquired the smell of the colony. But queen-cells of which the tip has been
thinned and the queen is about to emerge, should be caged in such a way
that the emerging queen has emough moving space. By giving capped
queen-cells the bees are saved much time.

It must be remembered, however, that the above plan will succeed only
if there are drones available to fertilize the new queen. If ne drones are
available it is no use trying to provide a new queen to the colony and the
best alternative is to unite with another colony. If a fertilized laying queen
is available, she may be given to the queenless colony. She can be intro-
duced into the colony by means of the queen-cage (Fig. 76). She is placed in
the queen-cage the open face of which is then covered with a piece of stiff
paper. This face is placed on the comb at the place where it is meant to
confine her and the paper slowly pulled away and the cage pressed. It is
better to brush the bees off from this comb before this. After confining the
queen the comb is reinserted in the hive. The queen is released after 24 or
48 hours when the bees are reconciled to her.

[Queens should mever be handled, as rough or careless handling may so
injure them as to render them unfit for successful egg-laying. If handling
is unavoidable they should be picked up very gently by the wings ; under no
cirecnmstances should they be caught or held by the body. Queens do not
sting and can be picked up quite safely. T. B. F.]

Wazx from Broken Combs and Cappings.

Discarded or broken combs, cappings and all odd bits of comb should
not be wasted. They can be easily rendered into wax. Although the
broken combs and cappings are not saleable the wax can be readily sold,
fetching a price of about 12 annas per pound when clean. By the ordinary
traders wax is judged by its colour and smell. The natural colour of wax
is yellowish white and it has got a characteristic smell of its own. Therefore
it should be prepared and preserved in a way that will not affect its natural
colour and smell. The methods of preparation or rendering are described
pelow. It should be preserved in a closed box so that Wax Moth may not
affect it, without naphthaline, ete. which hide its natural smell. Cappings
and bits of combs should be stored in a closed box so that they may not be
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affected by the Wax Moth and rendered into wax when a large quantity is
accumulated. In rendering wax, cappings and clean white new combs
should be separated and rendered separately as they yield a larger quantity ot
wax with less trouble. Old black discarded combs, pollen-clogged combs
and all combs which bees have used in rearing brood, should, before
rendering, be cut into small pieces and soaked in water for about 24 hours,
the water being frequently stirred and changed. The pollen and dirt wili
thus be removed.

The simplest way of rendering wax is to boil the cappings and combs with
water 1o a tin or enamelled or earthen vessel. When the combs are melted,
the water, while yet very hot, is strained through a cloth into another vessel
in which it is left and allowed to cool. The cocoons, etc., which are known
as slumgum, remain in the cloth. The wax, when the water cools down,
collects at the top and solidifies as a cake. There is wusually a
little dirt at the undersurface of this cake and this can be scraped off with
a knife. If there is too much dirt the cake is re-melted and the dirt which
collects at the undersurface removed by scraping. The wax should not be
boiled too much but only to the extent which is just sufficient to melt all the
wax. It is better to bring the water to a boil and then put'in the combs.
Iron or zinc vessels should not be used. A kerosene tin does very well.
The water used should be clean. If there is iron or lime in solution, the
colour of the wax is affected. The colour of the wax is better if it can be
melted in such a way that the heat of the fire does not come in direct
contact with it, This can be done in the following manner : Water is boiled
in a vessel, and the combs and cappings are placed in another vessel which
is put over or in the boiling water. The hot wader melts the
wax which is therefore never over-heated. The melted liquefied wax is
poured info a vessel with flaring sides and allowed to cool and solidify.
The slumgum usually settles at the bottom and the liquefied wax can be
slowly poured out. On this principle various kinds of wax-extractors are
made and sold.

The solar heat is also used in rendering wax and will be found very
useful especially in the Plains of India. The common type of Solar Wax
Extractor is an oblong box with a glass cover. The inside is lined with
tin. One end is raised so that the glass cover is sloping and faces tbe sun.
The wax is melted by the sur’s heat and runs down and collects at the
lower end. In order to prevent the slumgum from running down to the
wax, a wire-gauze partition is fixed some way from the lower end. The
essential thing in a Solar Wax Extractor is that it should be perfectly
air-tight so that the heated air may not escape. On this principle a handy

F2
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Solar Wax Extractor can be made in the following manner: An open-
mouthed tin or enamelled vessel is embedded in dry saw-dust in a kerosene
packing case and covered with a sheet of glass. The box is tilted up a little
80 as to face the sun, This conserves enough heat to melt the wax. A tin
or enamelled bowl is placed inside the basin and a piece of cloth tied to its
mouth, The combs are placed on this cloth. The melted wax straine
through the cloth and collects in the bowl,

The wax rendered in a Solar Extractor is usually of a good quality. It
is also very convenient to have a Solar Extractor. All odd bits of combs and
cappings as they are obtained, are placed in the Extractor and the wax is
rendered without any further trouble.

Protection against Enemies.

The creeping enemies such as ants, ete. are kept off easily by the ant-
preventing device shown in Figure 29. These are earthenware vessels and
can be easily and cheaply got made by local potters, They have to be kept
filled with water. If one can afford ore can have similar ant-preventers
made of wood or metal. Care should be taken that mosquitos do not breed
in the water by frequent change or by the addition of a little kerosene oil.

The Death’s Head Moth is prevented from entering into the hive by
using a piece of wood with indentations § inch X § inch as shown in Figure
77. Thisis placed in the entrance. The becs are not inconvenienced
but the moths cannot enter the hive.

Fig. 77.—Death’s Head Moth preventer.

Against wasps nothing very much can be done. They can be beaten
to death by a broom as they come and hover in front of the hive, Some
of them build hollow nests underground and if these nests can be traced,
they can be destroyed in the following manner: At night the wasps are
not active and do not leave the nest. A fire is made with charcoal in a small
pot. The fire is placed near the entrance of the nest. The entrance hole
should be widened a little if necessary. Now sulphur is placed in the fire and
the hole of the nest with the fire is covered by a wide-mouthed vessel. The
fumes will go into the nest and kill the wasps. It will be more effective if
a little arsenic is mixed with the sulphur, Another method is to take a
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brightly burning torch (using kerosene oil) and hold the torch at the
entrance of the nest which is now opened. The wasps fly out and are
burnt in the flames. = Another method is to pour a little carbon bisulphide,*
about } to § ounce on a little cotton lint and push this lint into the hole.
After waiting for about a minute, apply a fire at the entrance from a distance,
say using a live charcoal or burning candle at the end of a long stick,
As socn as the fire is applied, there will be a small explosion and just at that
time the entrance should be stopped by throwing a spadeful of earth on it.

The Wax M,?th cannot be prevented from entering the hive at night.
The talian Bed§ protect their hive against this enemy successfully but the
Indian Bee cannot. Hence when Italian Bees are kept, there is no trouble
in the hive' on this score, In the case of the Indian Bee, the
hive should be frequently examined, the debris which collects on Lhe
bottom should be cleared and combs which are not covered by the bees
should be taken out and stored elsewhere. Combs, which are covered by the
bees, are not usually found to be attacked by the caterpillars. Probably
for this reason queen-less colonies in which the bees dwindle away fall an
easy victim to this enemy. If the combs are held against the light the
galleries are easily visible and also the caterpillars themselves moving in
the galleries. The caterpillars can be pulled out with a pair of barrow-
pointed forceps and killed.

When the combs are stored, they are attacked by the Wax Moth
caterpillars unless kept well protected in a closed box, into which Wax
Moths cannot enter. Before the combs are stored, there may be eggs of
Wax Moth in them and in that case all the combs in the store will be
destroyed. The best and surest method of getting rid of Wax Moth is
to fumigate the combs with carbon bisulphide after taking them out from
the hive and before storing.

Fumigation is done as follows : The combs are placed inside an air-tight
box ; small cracks may be stopped by pasting paper over them and the
box thus made air-tight. Carbon bisulphide is poured out on some cotton
lint which is then putinside the box and the box closed. Leave the box
closed for 24 hours. Better place the box at a distance where there will be
no possibility of light or firo coming near it. Then take out the combs
and store them. Examine the combs once again after about six days
and if any caterpillars are found, fumigate them again. After this no

* Carbon bisulphide is obtainable from dealers as a liquid in bottles. A bottle
containing a pound costs Re. 1. It isa bighly poisonous and highly inflammable substance.
Its smell should be avoided and no kind of fire, e.g., lighted cigar, live cor] or burning lamp
should be brought near it. It should be keptin a well-stoppered bottle provided with
a glass stopper and the bottle should be kept under lock and key and in a cool place.
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further attention will be "necessary and the combs will keep well if kept
in a dry place.

Wax Moth breeds profusely in wild combs, which have been deserted
by bees, Therefore all such combs in the neighourhood should be

searched out and either buried deep under the ground or burnt or melted
into wax. ‘

Care of Honey.

Honey should never be left exposed. Being hygroscopic in nature,
it readily absorbs moisture from air and is sure to ferment and becomes
sour later on even when covered afterwards on account of the excess of
moisture. Properly stoppered glass or china or tin vessels keep it well.
It should not be allowed to come in contact with zine. It should not
be stored in damp moist places but keeps best in dry warm rooms, even
a temperature of 100° F. doing it no barm. Conditions which will keep
salt well will keep honey well. ' '

Granulation of Honey.

All good pure honey granulates 'in'ti.me and may become thick and
solid. This is called candying. Sometimes candied honey is c\.xt out in
the form of bricks—known as ** honey bricks ” and sol.d wrapped in paper.
Granulated honey may be liquefied by bei:.lg: placed iu the sun or in a
water-bath, the water being hot but not boiling. . (See under “ Ripening
Honey. ) Sometimes only a part of the honey in a vessel will be found
to have granulated, the rem?,inder being in a liquid state. When this
happens, the granulated portion should be liquefied and the whole mixed
before taking out any honey from the vessel, because in such cases some
constituents of the honey predominate in one part and some in the other,

Marketing Honey.

The best way of offering honey for sale is in small 1 1b, jam bottles

with screw-top cover. It sells quickly when offered in small quantities,
orders for large quantites being executed otherwise.

Moving Bees to Different Pastures.

T.he main h‘one.y-ﬂow in the Hills occurs in October-November and
fh_at in the Plams. in spring. The same bees may be made to gather honey
in both the localities. For this purpose they have to be moved up to
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the Hills in September- and brought down to the Plains in December.
This plan may give good results, as the colonies by being worked in a
honey-flow in October-November will be in a good condition to gather
the honey in the spring flow in the Plains. As some may adopt this recom-
mendation, some directions seem to be necessary as regards the best method
of transport. For this purpose travelling boxes are necessary which will
allow of enough ventilation through all parts of the box. A simple but
quite efficient travelling box is shown in Figure 78, The cover and bottom

Fig, 78.—Travelling box.

are made entirely of a coarse wire-cloth with about eight meshes to the
linear inch. A few holes protected by wire-cloth are algo provided at the
ends. The box is made of a size to receive frames of combs and when
covered, the frames are held tightly in the place so as not to move or
strike against one another in transit. 1f there is enough honey or sugar-
syrup in the combs, the bees will travel well without any further attention,
The travelling boxes containing bees can be loaded one above another in
a covered truck which will protect them from sun and rain but will allow
sufficient ventilation. The boxes should not be exposed or left in the
sun. The bees are transferred into travelling boxes after dusk when
all flying bees have returned to the hive. The transferring is done by simply
lifting the frames of combs with bees and placing them in the travelling
box. If any bees sit on the sides of the hive they.can be swept down on
the frames. On arrival at the destination they are transferred into proper
hives during the day time. When arrived at night the transferring should
be deferred till the morning.
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The BeesKegpipg'rlndustry.

While it is not improbable that in time there will be bee-keepers in
India who will own several hundred colonies of bees and make a living
out of them, it must be noted that bee-keeping is best practised as a
subsidiary industry. The reader should now be in a position to understand
that the nature of the industry is such that it keeps a man engaged only
for a part of the year, viz., the season of the honey-flow and fox: gome
time preceding and following it. One cannot expéct a steady. income
from bee-keeping because regard must be taken of bad years w.lnch will
be poor in honey-flow and also of loss of bees through enemies or diseases.

The beginner should beware of embarking on a big scheme. of
bee-keeping all on a sudden, especially in. an un.known locahi.:y.
There is no means of testing the honey-yielding capacity oii1 a loiul‘nlt.y
except by keeping a few colonies of' bees there. Aflth?lig' in nlla
there are places, e.g., the Hills, which are sure ol yie _";Ig surplus
honey, an ambitious scheme should not .be undertaken without f?rst
of all gaining the experience and skill required t'o work bees, .Bee-keopmg
is best started with a few colonies which may be. increased as
experience is gained. ~With experience a man can easily manage a
few dozen colonies in his spare time and with the help of his domestic
servants.

e
%
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Appendix A.

How to extract honey from wild combs.

Good honey, which will keep for years, may be obtained from wild
combs if extracted in the following manner instead of squeezing it out
of the combs. The honey is stored in the comb in its upper part while
the lower part contains brood. The part containing brood should be cut
off and rejected. Then take off the capping of the honey by means of a
broad bladed knife. If an extracting machine is available, the honey can
be easily extracted in it. If no extracting machine is available, cut the
comb containing honey into small pieces and place these pieces on a piece of
muslin loosely tied over the mouth of a bowl or widemouthed elean earthen
vessel as shown in Figure 79 and tie another piece of muslin tightly over the

Fig, 79.~=B.~Vessel, C,~Pieces of comb.

mouth of the vessel. This second muslin is to prevent bees from robbing
the honey. Now place the vessel in the sun. The honey will ooze down
quickly and can be at once bottled or otherwise taken care of as described
in the book. The vessel can be placed inside a warm room or kitchen.
But direct heat should not be applied as it may melt the combs. If done
inside a room where bees may not have access, it can be managed in a
much simpler way, the cut combs being placed inside a muslin and hun

Up somewhere and the honey allowed to drip in a vessel placed below.
What is wanted is to see that the honey contains no foreign stuff, e.g.,
pollen or juice of broed which should be scrupulously avoided and thag
the combs are not pressed. If dome neatly in this® way, the honey, that

is obtained, is in no way inferior to that extracted in a proper extract-
ing machine. (see ¢’ Care of Honey.”)
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Appendix B.

A4 note about appliances.

Of the various appliances described in the book, the following are
necessary to makea teginning. Unless European Bees arc kept, no other
appliances are required : —

1.

2,

3.

4.

6.

9.

. Queen-excluder dummy. One for ea

Hive. This can be made locally. A kerosene-box hive costs
about Rs. 8. A well-made standard hive costs about Rs. 8.

Frames. One dozen for each hive, They can be made locally.
Cost about Re. 1 per dozen.

Metal ends. One dozen for each hive. They have to be
purchased ; cost about as. 3 to 6 per dozen.

Dummy or Division Board. One for each hive.
locally ; cost about as. 8.

It can be made

ch hive. It has to be

purchased ; cost about Re. 1.
One Smoker. ’Ha.s to be purcha.sed ; cost about Rs. 2-8-0,
Ant-preventers. Four for each hive. Earthen oues can be had,

made locally ; cost about as. 2 for four.

Quilts. One sheet of gunny cloth or durry and two sheets of
blémkets . can be cut out from old rejected gunny bags and

blankets , cost about as. 4,
Honey Knife. Two or one may do; can be made locally;

cost about as. 3.

10, Wire comb-fixers. One or two 4lozen ; can be made locally ;

cost about as. 8 per dozeu.

11. Gloves. One pair; to be purchased ; cost about Re. 1.
12, Veil. One; can be made at home ; cost about as. 4.
13. Matla. Can he made locally, it is not necessary for those

who wear hats ; cost about one anna.

14. Honey-extractor. One can be used by several bee-keepers.

Although it can be made locally, it is better purchased.
One can be had made for about Re. 10. Good ones can
be had for about Rs. 12 in England, which are sold in India

for about Rs. 2. 1If there be a demand, the price will
probably be lowered.

15. Comb foundation. One dozen sheets for each hive. All may

not be used at first; has to be purchased; cost about
Re. 1-8 per dozen sheets.
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16. Tinned wire. Has to be purchased ; cost about as. 2 per small
spool.
17, Wire embedder. One; a * pice’”” embedder can be made
locally ; cost about one anna.
18, Embedding board. One can be made locally ; cost about
as. 2.
19 Feader. Bottle-feeder can easily be made ; cost about annas 2.
The above outfit costs about Rs. 22 with a kerosene-box hive and
about Rs, 6 more with the standard hive. For learning the work, the
beginner may commence with a kerosene-box hive and need concern
himself with items 1 to 13 only and he can have about half a dozen frames
which are ready fitted with wire and foundation. The cost will be
about Rs. 11 or 12.
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Notes on Sugar Machinery and Manufacture
in Northern India, 1914.

Preliminary.

It is fel(; that the incompleteness of these notes requires some ex-
planation.

Within a day of departure for Vancouver vid the West India Islands,
Colon and Panama, the writer was unexpectedly approached by the

Harvey Engineering Company with a proposal to visit certain of the Sugar
Districts of India.

The visit was to be made in place of Mr. James Harvey, the Managing
Director of the Company, who was prevented by eircumstances from
leaving Englaud, and its object as understood was to make calls upon the
Agents of the Company and upon its clients, to ascertain the requirements
of the latter in regard to sugar machinery, and to advise the Government
of India in connection with sugar matters generally where such
advice was desired.

Copies of recent letters which had passed between Mr, James Harvey
and Mr. Bernard Coventry then in England on leave, in which the latter
regretted his inability to see the writer before leaving, were found among
the papers supplied by the Company, and the trip was entered on with but a
vague notion of the importance of Mr. Coventry’s position and in absolute
ignorance of the conditions obtaining among the sugar factories subse-
quently visited.

The Harvey Engineering Company laid down no precise itinerary,
but furnished the addresses of its Agents and of a number of its clients
whom it was considered desirable to visit.

- Before leaving London a call was made upon Mr. Francis Drake of the
Indla. Office, from whom it was ascertained that the Gpvernment of Indla,
had been apprised of the intended visit.

London was left on the 23rd January, 1914. On the 6th February on
reaching Bombay and calling at the Secretariat it became evident' that the
Government of India had very much interested itself in the intended visit
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of Mr. James Harvey, and that this interest had been extended to his
substitute.

'The Chief Secretary to the Government of Bombay, Re‘venue 'D:paﬁlt—
ment, had received from the Hon’ble Sir E. D. Maclag:dn, Secretary to si
Government of India, Department of Revenue and Agriculture, a co:m:lu
nication (No, 100-C., dated Delhi, 27th January 1914), 1'efel'l‘mg1(é Sle
subject. A copy of this with an original le.tter from Mr. Ff NI:yce, u(; ,;m;i
Under-Secretary to the Government of India, Dep:'u'tment ;) ex;zn:) o o
Agriculture, addressed to the writer a.nd' a.ccompa,n_ledl 1;{ : \:’::-I:ISO ver e
State-worked Indian Railways was recewe:l. TlnsJ eMi, e o, Ofciating
panied by a memorandum from the Ilon ble Mr. J. Ken a’.d caxeull
Agricultural Adviser to the Government of. Indx;m,al\:;'e o e ot oy
considered and mapped out an extended tm:; t:(;ﬂtlh‘;: tl;lhis O onl] finieh
it was to be carried through. . It was ;[ug% Kentinge, T.C.S, Dircctor of
up at Poona under the direction _Of r. G.

Agriculture for the Bombay Presidency. ' )

At the Secretariat I learned that Mr. Keabmg? was momen y expected
] bay and, as I had made that gentleman’s acthamtance n 190.8, 1
= BOef(ill d de a,,rture from Bombay until I had scen him and ascertained
?;Zirrsug?z coxl:ditions in the Bombay Presidency bud not greatly changed
in the past six years.

Mr. Keatinge was then on the way to Gujarat and it was arranged that
I should visit Poona some time in March.

On February 11th I left Bombay, reaching Cawnpore on 12th, and on
18th called on The Harvey Engineering Co.s Agents. These gentlemen
were also understood to be agents—or part owners=—of the Sugar Factories
at Barak, Mahrourah, and Ryam.

The last-named was understood to be in process of erection.

Messrs. Harvey’s Agents did not favour me with an invitation to visit

either of these factories, but suggested a visit to Pilibhit—a factory with
which they were in no way connected.

Mr. Mackenna had given the names and addresses of six of the
Provincial Directors of Agriculture as gentlemen likely to facilitate
enquiries during this tour. Among these were the Hon’ble Mr. H. R, C.
Hailey, Director .of Land Records and Agriculture for the United
Provinces. Mr. Mackenna had suggested that a visit to Pusa should be
deferred until after the return from leave of Mr. Coventry, Agricultural
Adviser to the Government of India. Mr. Coventry was not due ab Pusa
until the 22nd of February. In order to obtain an aathorisation te visib
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the factory at Pilibhit therefore, it became necessary to find or to get into
communication with Mr. Hailey.

Enquiries at Lucknow on the 14th February resulted in the information
that he had gone to Pilibhit with the Lieutenant-Governor, was moving
round, and likely to be at Aligarh on the 20th. On the 18th February
a visit was paid to the Rosa Factory, and I left Bareilly en route for
Aligarh on the 19th—20th but Mr. Hailey could not be found there.

As valuable time was slipping an unauthorised visit to Pilibhit was
then decided on and made on the 22nd, when the native staff of the
factory received me with the utmost courtesy and readily gave all the
information asked for.

In returning from Pilibhit to Bareilly I had the good fortune io find
in the train Mr. Hulme, of whom 1 had heard, but of whose precise
position I had not been made fully acquainted. From that time until
we parted on the 24th Mr. Hulme was unremitting in his kind attentions.

Late on the 23rd of February Mr. Hailey arrived at Aligarh and next
day accompanied by him and Mr. Hulme I was privileged to visit the
Experimental Farm at Nawabgunj.

Pusa was reached on the 26th of February where I had a most kind
reception from Mr. Coventry who proposed accompanying me among the
Bihar Factories, but as he was not then prepared to start out I paid a visit
to Calcutta where on the 2nd March Mr. Noel Paton, Director-General
of Commercial Intelligence, was interviewed.

Some fow years ago when favoured by this gentleman with some corre-
spondence on the subject of central sugar areas, I had laid stress on the
risk attaching to placing orders for complete sugar factories unreservedly
in the bhands of Contracting Engineers, Mr. Néel Paton bad not fore
gotten this, but at the time of my visit I was not aware how completely
these remarks had already been justified in India itself.

On the 3rd of March I returned to Pusa and on the 4th M. Coventry
took me under his protection and accompanied me for the next seven days
through the Bihar Districts among the sugar factories,

During the course of that time the factories visited were :—

Bhicanpore, Barah, Seceraha, Pursa, Pertabpore and Bubnowlie.

It had been proposed to visit one other factory but the permission to
visit it was accompanied by certain conditions and restrictions which,

speaking for myself, I considered unnecessary. We did not, therefore, visit
that factory,

On the 14th March I returned to Calcutta whence, on the 18th, I
moved on to Delhi for the purpose of seeing Sir Robert Carlyle whose
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acquaintance I had been fortunate enough to make in journeying between
Calcutta and Waini in 1908.

Delhi was reached on the 20th and, after an cxceedingly agreeable and
interesting interview with Sir Robert Carlyle, was left on 21st for Madras
ved Manmad and Dbhond.

From Madras, Poona was reached on the 26th March and after anothe.r
interview with Mr. Keatinge I arrived at Bombay on the 29th. This
completed the round, and it will be seen that the time spent in the spgar
factories was too short to permit of more than a mere cursory examin-
ation. : :

That time was however long enough to

produce the impressions which
are here recorded as referring to the factories collectively. :

Buildings.

Coustruction and Suttability.

The buildings seem to be solidly constructed but are in most casei
insufficiently lighted. To this therc is one notable exception, an exception
also in the matter of space which, in most, is deficient.

Deficient space means insufficient lighting, and insuflicient lighting
makes cleanliness the first essential in a sugar factory—impossible.
The Approaches and Exits seemed, in most cases, ill arranged result-

ing in confusion of carts and animals, a confusion in no way lessened by
the scales in use. Inone factory the canes were weighed on one scale and

* the eart, after searching round for a convenient spot on which to discharge

its load was tared on aunother. Accumulations of cane in the yard pre-
vented free mancuvring of carts and rendered impossible the grinding of

" cane in the order of its arrival, causing difficulty in cane carrier feeding

and deterioration in cane seriously affecting the clarification of the. juice
and the quality and extraction of sugar.

- Where central factories have encouraged small growers they have bad
great difficulty in controlling their deliveries, When growing canes for »
factory of any considerable size the delivery is generally to some field
scale where the load of the cart is picked up by a derrick and swung into

-the trucks of the factory. This is done while both cart and animals stand

an the scale.  After raising the load, cart and animals are tared and tfl'e
free to move off. This system cannot, of course, be used in small factories
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having no railways. The result of the want of control of the small
grower may be seen in Figures No. 1 and No. 2.

Fig. 1.—Block of cane carts and holding up of men and animals at an Indian Sugar Factory

in March, 1914,

Fig. 2.—~Showing in the background an accumulation of canes and in the foreground a holq
up of men and animals,
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Cane Carrier Feeding.

In all the factories visited this was done by hand and it appeared to
absorb a great deal of labour. Mechanical feeding isacontrivance'not
yet 17 years old. It was first adopted on the Willswood F’]anta.tml?,
Louisiana, and was the invention of Mr. James Mallon, an American Engi-
neer. The Mallon machine was a pronounced success. The second and
third pairs of machines, built by the Bodley WagOn 'C.o. of Staunton,
Virginia, were erected at the Usine Ste. Madelaine, Trinidad, wherfe they
dispensed with 64 hands, dealt easily witlfli tbi']’wghto ];Sft(i)t;ons of cane
s ily and could have disposed of five times the qu . .
é’mgl;)ir(:afrzr: the liberation of I::his large amount of labour for proiu:lflve
work in the field, other great advantages resulted from ths.;lse o 4 ez:
machines. The mills took the mach.ine-fed canes l:r_lol'e readily, and g
through considerably more work with 1m1;;'0ve(:alc{::1slsc(1)lr1§‘;“ing as they did

The appearance of the Bodley Mallon ) 1 easing the work

oint of view and easing the wor

enormous advantages from an economic p - 2

e an extent which can be appreciated only
of supervision in the factory to an . ; PR f_
by those conversant with the working of cane suga o ! P
cal labour, was quickly followed by % numl')er of other contrivances mote or
less widely advertised and diﬁel:ent in efficiency, but all great labour-savers
and infinitely preferable to feeding by hand. o

Plate I (see at the end of the Bullettin) show.s two. pairs Aof Bodley
Mallon machinesat work in 1899 in a factory dealing with 1,760 to 1,300
tons of cane per day. . .

Plate II (see at the end of the Bulletin) gives another view of one pair
of these machines in full work in the same factory in that year.

The Gregg Cane unloader is a modification of the Bodley Mallon and
has been well spoken of.

The Wicks works somewhat differently but is an effective machine.
Plate 111 (see at the end of the Bulletin), Figure 1 gives a view of one at
work in a Mexican sugar factory and feeding 800 tcns of cane per day, but
capable of doing much more. .

This machine requires the attention of three hands. One attaches and
releases the rope pulling the trucks up to the machine, one attends to the
truck doors and one drives the cngine. The two hoys seen in the centre
of the picture are not employed about the machine. The loaded tmc':ks
being pulled up to within reach of the claw push the empties to a pffuft
where they can be coupled up to the locomotive. The yard of the 'I"rtnl-
dad Factory is graded 1 in 125—see Plate I —from the cane Slfilfl_g
limit to the machines, and a touch of the hand brings the truckS.WlﬂJln
reach of the rakes. When emptied they move away slowly by gravity and
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are collected by locomotives at the other end of the factory. This, how-
ever, is the case with the two outside lines only. The lines inside the
cane carrier terminate in turntables on which the empties are turned out to
be picked up and removed by the yard locomotive. Plate 1 shows all
the hands employed to attend the emptying of 4 trucks simultaneously—
except two bringing the loaded trucks down to the rakes and letting down
the doors. The doors are put up by the train attendants at the other end
of the factory.

In one Mexican factory the loads of the field trucks after passing over
the scale are transferred by an overhead travelling crane to trucks of twice
or three times the capacity. The latter are then drawn alongside the cane
carrier to be emptied by hand while the small truck returns free to the field.
The only advantage in this arrangement lies in permitting the work to be
done with a smaller number of field trucks than what in the ordinary course
would be necessary.

Plate I1I, Figure 2 shows the transfer crane, the empty small trucks
passing out to the field, and the large trucks being emptied by hand under
the cane carrier shed.,

Figure 3 below shows transferred cane in the larger truck. Canes in this
part of Mexico are cut into lengths of two feet to the benefit of the mill
extraction,

vk

Fig. 8.—8howing transferred cane in the larger truck.
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The Link Belt Engineering Co. of New York have devised an ovgy-
head crane and sling for transferring bodily the contents of the small field
truck to a hopper at the end of the Cane Carrier. .

An idea of how this works may be gathered from Plate IV (see at the
end of the Bulletin), Figures 1 and 2 giving different views of it. This
machine is worked electrically as is the whole of the machinery in this fac-
tory except the mills, power being obtained from a stream behind the works.

The dumping of quantities of cane, weighing generally from one to two
tons, in a heap on the cane carrier is highly objectionable. .

A different. plan for hopper feeding is in use ina French Factory in
The cane trucks are led on to a platform which is tipped
afficient to throw off only a part of the
the cane carrier the platform is further

Tropical Mexico.
by hydraulic power to an angle s
load. As this is drawnaway by i
inclined and the gtruck gradually relieved of its load.

Vig. 4.—Bascule in a French Factory tipping a truck of cane intothe carrier (wooden truck).
In a sugar factory in the Island of Antigua, West Indies, a tipping
platform has been arranged to facilitate the feeding of the cane carrier.
Over this the trucks are drawn and the canes disposed of by hand.
Figure 6 shows this arrangement at work.
The factories visited in India have no railways of their own,
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Fig. 5.-—Truck relieved of its load. (Tron truck.)

Pig. ~Trucks being diacharged:into cane carrier from Railway Sidings croming it

9
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Neither of the appliances mentioned can thercfore be oxpected in any
way to benefit them. All are inapplicable. But the American Hoist and
Derrick Co. have a machine which, if it does not entirely climinate labour
at the cane carricr.will very greatly reduce it and can be depended on to
keep the cane yard well regulated and to eliminate absolutely the blocks
and delays to the men and animals engaged in the transport service.

Plate V (see at the end of the Bulletin), Figure 1 shows this machine
awinging a truck load of canes, weighing from 14 to 2 tons on to a sloping
platform at the end of the cane carrier whenee it is dragged by hand as it
is required by the moving carrier.

Plate V, Figure 2 gives another view of the Derrick swinging a load
into place where it can bo reached by the four men occupied in feeding
the cane carrier.

Here may be seen the head man and all the hands employed in the
cane yard of thia factory where 400 to 500 tons wero disposed of daily.
Beyond the line of trucks from which the Derrick is working may be
seen a quantity of stored cane, to be used in the intervals between
trains from the field, and at night when trains are not running.

Without modification the Indian cart would admirably lend itself
to working in with such a machine and the mere saving of labour would
be the very least of the advantages which would acerue from its adoption.

Questions as to juice extraction by mills did not result in much
information which could be considered of value. In some of the
factories, owing to the tangle of canes in the yard, the crushing cannot
be taken daily—a serious drawback, as here no pains should bo spared to
obtain the maximum extraction.

In each case, however, the mills seemod to have fallen into careful
hands. As far as could be judged by the eye all were doing good work.
And this, in more than one case, despite the drawback of intermediate
carriers scraping the bagasse from the first mill and presenting it in
nneven quantity to the second.

In one case the crushing figures from the start of the crop of 1914
to the 28th February, weck by week, were furnished by the Administration.
The average fibre content of the cane during this period was given at
146 per cent. and the average crushing for the ten weeks works out at
62°69 per cent. On paper this does not look particularly good crushing.
It is not while members of the staffare hovering round the cane
carriers and watching the feeding of the mills in the full light of
day that bad crushing is done.
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Mueh might be said on this subjeet. Before leaving India, by the
courtesy of Mr. Keatinge, Director of Agriculture for the, Bomba
Presidency, 1 became possessed of a copy of Bulletin No, 52 of 1912y
Department of Agriculture, Bombay. ,

In that publication the author, Mr. G, N. Sahasrabuddhe L.Ag.
at page 12, gives a table constructed by my friend Dr. Watts: of th;
Imperial Department of Agriculture for the West Indies, giving the
possible juice extraction from 100 of cane with fibre eonten?ss ranging
from 8 to 16 per cent. by mills varying from the poorest type of bullock
mill to the 9 roller modern mill preceded by a Krajewski crusher.

These figures are no doubt very useful as approximations, but those
referriug to two three-roller mills strike me aslow. In 1882, along with
the late Alfred I'ryer, well known in sugar circles in conn’ection with
t.he Concretor, I made certain experiments in juice extraction with two
single mills, each 34" x 72” running with a peripheral speed of 89 feet
per minute and set close to take only a thin feed.

The experiments lasted three weeks. During that period of continuous
work—the only stoppages being on Sundays—the mills were never for
a moment left to themsclves. The crushing worked out at an average of
67'8 per eent. Mr. Fryer had throughout the experiment been maﬁ;ino’
constant tests of the bagasse and he recorded it as having contained 45'32
per cent. of fibre, the fibre content of the cane for the period being 14-4
per cent.  Too much care cannot possibly be bestowed upon the feefi'n of
t}fle mi»l(ll§.. The Er{gineer may do his part by having them in the perfec%ion
(‘)vorim;r (::?lorﬁe,l:t it rests with the Administration to get the perfection of

Before the days of ““ green’” bagasse furnaces the appearance of th
bagasse turned out overnight indicated the amount of care bestowed on th:
feeding of the mills. In these days bad work is hidden by burning up th
bagasse as made. To insure good work, therefore, it ig imperaltivg
that the crushing of the mills be taken once every 24 hours. Th
use of storage derricks would make this a very simple and ;vith i
a very profitable operation, *

Cane Juice.

As to the quality of the cane juice, in most of the factories visited, they
was much complaint. ’ ’
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'lhe Boiling House Records of one Factory for the current crop showed
the following figures :

Week ended

1913, December, 20 .

” » 27 .
1914, January, 3 .
» " 10 .
17 .

24

31 .

I ”

February, _7 .
21 .

28 .

29 b4

Average of ten weeks

for December

”

1 29

2 2"

January

February

Brix, Sucrose. Purity.

16-88 1320 806
16:73 13:49 806
16-88 13:66 811
1678 13:60 810
16'80 1368 811
1688 18-84 820
17:04 1891 816
17°00 1387 815
17-82 1412 81°5
17°66 1485 828
18-93 1378 813
1665 1533 806
1687 1872 813
17-29 1418 819

After T had left India another Bihar factory forwarded an extract
from its records for the four years 1909-10 to 1912-13 and for 1913-14
down to part or the whole of the month of March 1914,

From this statement the following figures have been compiled : —

I DECEMBER. JANUABY.
b=
} Brix. Suciose] Brix. iSucrose.
‘ .
1909-10 .| 1678 1336 1582 14°45
|
1810-11 | 1519 I 12'97 16:20 13:28
iz | 1553 1340] 1695 1408
101218 . 1717 1467 1735| 1539
1913-14 .‘ 16'80 1450 1745 14°80
i | !
Sucrose Average 1378 14'40

Frervasy, MAROK, ! ArRLL, May,
.
Briz, Sucrose. Brix. Sucroae.l Brix. S\wroso,l Brix. |Bucrose.
‘ ‘ | T R
1810 1458 1889 14711 : 1800 | 1540 !
1732 1426 1697 M6l 1700| 1417
616! 150 17°10 1500 1760|1500
1776| 1605( 18'17| 1867 1916| 1622 ; 1940 16N
e e 1890 1590, 7 Py o? ?
l 1508 15°04 16°33 ! 1620
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Average sucrose for whole orop 1909-10 . . . 14:38 per cent.
9 I » » 1910-11 o . . 1396 >
» » " » 1911-12 . . 1451,
" » » 1012-13 1501
to end of March () 1913-14 1516

Canes grown without irrigation fluctuate in saccharine content with the
vicissitudes of season and the above cannot be considered particularly poor
juice.

From only one of the Estates visited, the one referred to on page 1
were fibre figures obtained. These were given for the current crop as 14+
per cent,

Fibre figures at best are only an approximation more or less remote.
Assuming—we can only assume—that the fibre in the cane supplied to the
second factory for the crop of 1912-13 was 145 per cent. the sucrose content
of those canes would appear to have been 12:82 per cent.

A brief résumé of the figures for 1913 for 138 Java factories is now
available, and it shows that the sugar content of the canes was 1254 per
cent. against 1235 for the previous year. ‘The highest amount of sugar
in the cane was 14'8] per cent., the lowest 9°70 per cent. The average fibre
is not given, but it may not be unsafe to assume that it was less than in the
Bihar cane and that the juice contained less sugar. Its average purity was
80'95 per cent. as against 81 3 per cent. in the Factory mentioned at
page 12.

1f the juice dealt within these two factories is to be taken as near the
average of Bihar juices that district has great possibilities.

Clarification.

In two factories outside Bihar the appliances for clarification and
their arrangement were found not unsatisfactory, but in only one of these
did the sulphur box appear to be thoroughly effective.

One factory only of those visited later was using the carbonatation
process. Of these using sulphur only one was applying it effectively.
This must not be taken to mean that its application by means of rough-and-
ready furnaces and wooden boxes cannot be made thoroughly effective.
Where wooden boxes were nsed they were found too small. The vent pipe
of one was too small to keep the sulphur burning in the furnace. It
was therefore useless. One of the shelves of another was at the
moment of my visit lying outside the box. Its construction clearly
showed the inefficiency of this box. A third was at the moment out of use



14 SUGAR MACHINERY AND MANUFACTURE IN NORTHERN INDIA

on account of a broken jet pipe. All were difficult of access for cleaning
internally.”

In three of the factories the clarifying arrangements consisted of a
range of defecators in imitation of the French system. There is no better
defecator than the French when properly arranged ina g(?od llght and
carefully attended. These are insufficiently lighted where hgh.t is most
required at the outlet pipes and at night in Bome of 'tl.m ranges it must be
impossible to obtain a careful separation of the clear juice from the mud or
scums. '

The  Eliminator > may be expected to correct this ; as a matter of
fact as now generally constructed it does not. .

The mud subsiders in each of these three factories were of wrong
dimensions. They could not be used as subsiders, consequently more ]l(lllld’
had to be passed through the filters than should have been and the work
was imperfect. To correct this, in one case at .lcnst, a range of seven
subsiders has been erected. It is needless to pomt.t? tb? loss of sugar
which must result from the hanging up of so much juice in the factory,
and heat, and other losses consequent.

Evaporation.

In all the factories visited the Evaporators if kep? properly clean
seemed to be sufficient for their work. In some c.ases cm.ltmuous work was
said to be carried on for a couple of weeks. This is certainly not economical
and the practice cannotbe defended. In sngar factories gencrally Su.n.day
is the most important day of the week, and the time should be fully utilized
in cleaning evaporating surfaces and otherwise engaging in works of preven-
tion.

Vacuum pans.
In most of the factories the vacuum pans were of capuacity sufficient
to deal effectively with the material passed on to them if helped out by crys-
tallizers.

Crystallizers.

In only two were the crystallizers sufficient in number to insure the
maximum reduction of the sucrose in the molasses, The amonnt of this
reduction was not ascertained but a mere glance at the other installations
was enough to show their deficiencies.
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Quality of Sugar.

This depends to a great extent upon clarification and owing principally
to the construction and arrangement of the appliances, clarification was
responsible for any shortcomings in the quality of the product, In one
small factory where the clarifiers were well arranged and the crystallizers
adequate to the work, two sugars were being made and the quality of each
was of its kind excellent.

Much has recently been written in reference to the manufacture of

.white sugar, and all-white-sugar at one operation, but unless the price of

the white is far enough above that of the second to compensate for
a greater vacuum pan capacity, for extra centrifugals, and greater
demands upon the fuel, to say nothing of a decreased extraction, he
willbe well advised who, having a fair market for second sugar,
continues to make it «

Extraction of Sugar.

With regard to extraction no figures extending over a number of years
were obtained, but the condition of the cane yards, the poor ecrushing, the
appliances for treatment of the juices and the shorteomin gs of the crystal-
lizers taken together are sutlicient to account for its being anything but
high or satisfactory.

Here the manufacturing figures from Java for the crop of 1913 may
again be referred to. The highest percentage of sucrose extracted by the
mills from that in the cane was 951, This was with 11-11 pet cent. of
fibre in the canes and 127 per cent. maceration, The lowest was 847 per
cent,, with 7-91 per cent. of fibre.

This shows mill work on cane of 8 "4 and 78 per cent. respectively.

The working up of the juices appears to have resulted in the following
figures :— '

White Sugar of . . 99-20 polu. 693 per cent,

Refining crystals of . 97°18 » 134 "

Second boilings of . 9761 » 090 '

Molasses Sugar of . 8607 » 076 s

Black Stroop . . . 006 :,
Total 998

As to the number of crushes to which the cane was subjected to obtain
from the mills the results given above, no information has been furnished,
but it is probably safe to assume that three was a minimum, and of less
frequent occurrence than four or five. No Indian mill as it stands at
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present can approach this working but the addition of a third or fourth to
the double mills now in use and careful feeding would make the approach
a very near one, regard being had, of course, to the excess of cellulose in
the Indian cane.

The result of the treatment of the Java juice shows that it must have
been skilfully handled throughout—the first stage being good clarification.

With a few modilications and additions the Indian factories seen in the
eatly part of March last need be no long way bebind Java in the matter of
sugar extraction.

Victoria, Vancouver, B. C,,
July 20th, 1014,
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F1e, 1.—THE WICKS CANE CARRIER FEEDER AT WORK IN MEXICAN SUGAR

FACTORY.

F16. 2—THE TRANSFER CRANE, THE - EMPTY -SMALL TRUCKS PASSING OUT

TO THE FIBLD AND THE LARGE TRUCKS BEING EMPTIED BY HAND
UNDER THE CANE CARRIER SHED.
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PREFACE.

YHE object of this Bulletin is to place on record some of the more
important experiments which were commenced in the year 1910 and
have since been carried on in the endeavour to fix a superior multivoltine
race of the Mulberry Silkworm which would not degenerate and which
would yield silk better both in quality and outturn than that supplied
by the multivoltine races which are reared at present. This result has
unfortunately not been attained as yet, but it has seemed advisable
to publish the results attained hitherto and they have therefore been
written up under my direction by Mr. M. N. De, under whose charge the
actual work of rearing has been, since he was appointed as Sericultural
Assistant at Pusa in November 1910. The practical application of the
results has also been discussed from the point of view of the Silk Trade in
order that they may be made as widely useful as possible. In the
meantime the experiments are being continued.

We are indebted to Messrs. Anderson, Wright & Co., of Calcutta,
to the Imperial Bacteriologist at Muktesar, to the Superintendent of the
Shillong Farm and to Mr. Herbert T. Gill of Ramgarh (Naini Tal), for
kindly helping us in preserving univoltine eggs, and to the Superinten-
dent of Sericulture, Bengal, and the Superintendent of Sericulture,

Kasimbazar Raj, Murshidabad, for supplying us with eggs of multivolt-
ine races.

T. BAINBRIGGE FLETCHER,
Imperial Entomologist.
Pusa, BiHAR:

4th November 1914.



PLATE L

CdCOONS OF VARIOUS RACES OF THE MULBERRY SILK WORM.
(Bombyz mori.)

First Report on the Experiments carried out
at Pusa to improve the Mulberry Silk Industry.

Introduction.

Races of Silkworms and their characteristics.

It is necessary to give a short description of the different races of
silkworms reared in India and elsewhere with a view to a comparison of
their characteristics and their yield of silk.

(1) Bombyx mori or Bilatipolu. This is the common domesticated
annual silkworm cultivated in China, Japan, Italy, France, Austria,
Spain, Kashmir, Turkey, Persia, Turkesthan, the Caucasus, Cyprus,
etc. The cultivation of this race has recently been taken up on a small
scale in Bengal, the United Provinces, the Punjab, Assam and Mysore.
The eggs of this race hatch naturally once in a year after having remained
in the egg-stage about ten months; it requires a certain degree of cold
for the uniform and regular hatching of the eggs; the race produces
yellow or white compact cocoons with or without constriction in the
middle ; it yields superior silk as regards both quality and outturn,

It will be shown later on that this race can be reared at any time and
any number of times in a year by keeping the eggs in the cold and making
them hatch at the required time. This race can be reared profitably
when the temperature varies from 65° to 75° F. The principle of uni-
form hatching is that the eggs should be exposed after oviposition in a
well-ventilated place to natural temperature for about a month and then
they should be sent to a Hill Station or should be kept in a cold refriger-
ator at about 40°—30° F. for about four months. In cold countries
for regular and simultaneous hatching the practice is to keep the cold-
stored eggs in an incubator the temperature of which is gradually raised

“from 55° or 60° to 75° F. in 20 or 25 days, but in India they can be made

to hatch (provided the temperature is not below 60° F.) uniformly and
reguls-nrly within a period of about three days, ten or fifteen days after
bringing them out of the cold storage if the eggs are kept in the natural

temperature of a room of about 65°—80° F. like the eggs of multivoltine
races,

B 2
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The time of hatching may be deferred by keeping the eggs in the
cold so that a part of the eggs can be taken out for rearing at any suitable
time ; but the embryos will be affected if they are kept in the cold tem-
perature for more than 12 months. If the eggs are not preserved in the
cold some will hatch irregularly over a period of two or three months and
not simultaneously and the worms will be weak and consequently they
will spin flimsy cocoons. Tn this connection it should he remembered
that it is essential from the rearer’s point of view that all the eggs s!lould
hatch completely within a period of three or four days or it will be simply
waste of time and bad economy and the rearing cannot be profitable.
It should also be noted that the development of the embryo, once started
after taking out of the cold storage. pursues its inovi.tablo course a'nd
the eggs must then either hatch or die in a short time if the hibernation
was of sufficient intensity and length to start the growth of the embryo,
s0 that the egas must be kept in the cold if they are to be preserved for a
long time without hatching. But once they are taken out of the. co!d
after the stated period it is not possible to prevent them from ht:tcl'l;:;,z i‘:\
a short time if they are kept in a temperature of about 60°—T75° F.

Thus there is a complete control over the hatching of univoltine eggs

by the agency of cold. e e
y The e:"szf this race are vellowish after oviposition but they change
S A

to leaden grey after three days and hibernate in t}.m]t st:;te; but two or
three days prior to hatching they change to a h;msn co (')ufr. . This

(2) B.oropolu or Boropat f)f Assam  (Bombyr mori ”-T‘ . '}.'
is an annual race domesticated in Bengal m.md Assam producing a white
(;ocoon pointed at each end. The cocoon is snfnller and less compact
than that of typical Bombyx mori as t].no silk 18 not closely .wmmd;
the yield of silk is poor when compared with that of B('m:bym mori cocoon,
The eggs do not hatch simultaneously but they continue to.hat.(-l.l over
a period of ten or fifteen days about ten months after (.)vu)osutmn as
f,héy are not sent to the cold storage like the Bomlnx mort eags, f.or ’tho
illiterate cultivators of Bengal are not conversant with the principle
of uniform hatching and they cannot afford to send their egas for cold
storage to distant places. These facts are unfavourable for the cultivation
of the race, though it yields silk superior to some indigenous races.
If arrangements could be made for distributing cold-stored eggs which
would hatch uniformly in two or three davs the rearing of this race
and the Bombyzr mori race could be made to assume some importance.
The egg characteristics and the time of hatching, etc., of this race are
exactly similar to those of the Bombyr mori races.

(3) Mysore race (Bomlyx mori meridionalis). This is a multivoltine
race domesticated in Mysore and Kollegal and produces soft pale sulphur-
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yellow or very pale green, and slightly pointed cocoons. The eggs are
yellowish after oviposition and do not change to grey like those of the
annual races but they turn bluish two or three days prior to hatching
Just as the annuals also do. They hatch completely within a period of
two or three days on the ninth (in winter on the twentieth) day after
oviposition if they are kept in the natural temperature of a room of about
60°—85° F. The eggs do not require cold like the univoltine ones for
uniform hatching and the hatching of the eggs can be deferred if they
are kept at 40°—45° F. but the embryos will be affected if they are
kept in the cold for more than thirty or thirty-five days.

This race yields silk inferior to that of the true Bombyx mori but it
is the best of all the indigenous races. Five or six crops in a year are
taken from this race. The brood characters and the egg characteristics
of all the multivoltine races are similar to this race.

(4) Nistari or Madrasi Silkworm (Bombyx mort creesi). This is a
multivoltine race domesticated in Bengal producing pointed yellow
cocoons. It is chiefly reared in March and during the Rains.

(5) Desi or Chotopolu (Bombys mori fortunatus). This is a small
multivoltine race cultivated in Bengal and yielding yellow or white
tapering cocoons. It yields the principal cold weather crop of cocoons.
The * Horupat ” of Assam, which yields an inferior cocoon, probably
belongs to a separate race. It spins pale sulphur-yellow cocoons.

(6) Chinapolu or Sinapolu (Bombyx mori sinensis) and (7) Bulu
or Blue. These are multivoltine races domesticated in Bengal produc-
ing cocoons inferior to Chotopolu or Nistari. Chinapolu yields yellow
and the Bulu pale greenish-white cocoons. Their cultivation has been
almost entirely abandoned now.

(8) Nyapau (Bombyx mors arracanensys). This is a multivoltine
race cultivated in Burma producing a very flimsy cocoon of white and
yellow colour.

In China, Japan and Europe there are hivoltine, tri-voltine and
multivoltine races of silkworms which are cultivated on a small scale,
The principal foodstuffs of all the Bombyx races of silkworms are mul-
berry leaves, but in China there is a race of Bombys which thrives on
the leaves of Cudrenia triloba, Hance, and the peculiarity of this race
is that it moults three times in the caterpillar stage instead of four times
as 18 the case in almost all other Bombyx races. The caterpillars of this
race take a greater number of days during moulting and mature on
about the thirtieth day after hatching like any other Bombyx race.!
All other foodplants are of indifferent value to the Bbmbyw silkworms,

'Trearcl this rage in 1907 on Cudrenia triloba leaves at the Imperial College
at Tokyo,
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In the following Table the average number of empty cocoons witl}out
pupal skin contained per 10 grammes are given so that a comparison
of the pure and mongrel races can be made :—

( Bombyz mori cultivated in

! Europe . . . ur 25
Univoltine .4 Bombyz mori cultivated at
| Pusa . . 40
LBoropolu . . . . '(7;3
Mysore race . e
Nistari 95
Chotopolu l?g
Multivoltine .4 Burma race ' . 1
Assam multivoltine race 116
I Bulu . . . . 13(:
(_Chinapolu . . .13

Physical nature of the fllaments recled from cocoons is given m

the following Table :—

Averago Avomgof Avuratgefpor
X " nacity o cout o
A dlttl‘\,iel: 8oof tlon'\srﬂof ":clven %ln- clasticity of
Yathoo > il soven T/a- in | seven fila-
g length of jong filament ments for lg::‘t:ml“ ntl,ents REMARKS.
Rme.. one cocoon forttl)hcf tho length | Bimrlo Jnents
in mctres. | length o of 450 et ot | tength "

\450 mctr(-s.1 mobres. 450 wmotres, 450 metres,

e e—

Mysore race 34200 l 2300 “ 16:00 ‘ 46-0 1 1553 | Multivoltine.
Nistari . | 80860 ; 180! 1350 426 | 1840 Do.
Chotopola  «| 28557 | 1600 | 1150 ] 353 1642 Do,
Assam race . 21140 i 2-300 1725 ‘ 538 1077 Do.
Boropolu .1 27070 2 450 | 17-00 A7 12-87 Univoltine.
Rombyx mori .| 61470 1 3125 l 22:00 t Do.

The Caste System and continuous supply of Mulberry leaves favour
rearing of Multivoltine Races of Silkworms in India.

Bengal, Assam, Burma, Mysore, Kashmir and Jammu are the prin-
cipal rearing centres in India. The annuals or one-brooded (univoltipe)
races, the eggs of which hatch naturally only once in a year and whlc.h
yield a superior quantity and quality of silk, are cultivated in Kashmir
and Jammu and the many-brooded (multivoltine) races, the eggs _Of
which naturally hatch six or seven times in a year and which yield silk
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inferior both in quality and outturn, are generally cultivated in Bengal,
Assam and Mysore. In cold places the mulberry trees are denuded of
their leaves in winter and so it is not possible to take miore than two
or three crops in a year but in a warm climate like that of India leaves
are available all the year round, and these will be wasted if they are not
utilized, so that it is considered economical to cultivate silkworms four
or five times in a year. DBesides, in India, there are numerous members of
hereditary rearing castes, who solely depend upon this industry as their
means of livelihood and who cannot be satisfied with only one or two
crops in a year, whereas in Europe, Japan and China the industry is
carried on as a subsidiary industry and the farmers are satisfied with only
one or two crops in a year when agricultural operations are stopped
during Spring and Autumn.

Present condition of the Silk Trade.

Sericulture in Bengal and other Provinces has been declining. There
was a time when India used to export Rs. 1,55,32,290 worth of silk per
year but this has now come down to Rs. 50,55,288 and expert opinions
hold that the industry is doemed in a decade or two if some means are
not adopted to ameliorate its condition. The majority of experts agree
that the Bengal races of silkworms have degenerated and the Committee
appointed by the Government of Bengal to enquire into the condition
of the silk industry in 1906 was of this opinion :—“ It is only to be
expected that, in the course of the last 150 years during which the silk
industry has been an important one in this Province, some deterioration
has taken place in the worms and in the quality and quantity of silk
produced by them.” In spite of this degeneration the Committee
recommended that only indigenous races should be reared in Bengal.
It cannot be denied that the industry is decimated on account of diseases
and pests and is further hampered by a want of organization for supply-
ing disease-free eggs to the rearers.

It is apparent-that, if India is to regain her old position among the
silk-producing countries, a better class of worms should be introdueed
into the country and the only way to do this is by (1) the introduction
of some suitable exotic variety, (2) cross-breeding between both indigen-
ous and foreign races and by (3) improvement by selection of the indi-
genous races.

Former Attempts to improve Mulberry Silkworms in India.

A short account of the various attempts to obtain a superior cross-
bred multivoltine race in India will not be out of place here.
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In 1854 Mr. Bashford succeeded in producing fine cross-bred cocoons
but when he distributed his stock to the local breeders it degenerated
rapidly and the crop was a great failure, the worms deteriorated and
proved a perfect disappointment. Subsequently Mr. Bashford had to
acknowledge the failure of his endeavours as the worms reverted to
annuals. Captain Hutton was all along against crossing. He pointed
out: “ Darwin has stated that if a plant’s own pollen be brought on a
brush it will invariably be pre-potent over that of a foreign species ; that
is to say, Nature rejects all crossing so long as a plant’s own .polltfn
is available. Now if we apply this natural law to the silkworm it will
at once show why the progeny of two different species,' when crossed,
invariably sooner or later revert to their original state or more commonly
to that of the strongest species. We cross Bumbyzx /ort_unatus (Cho‘topol.u),
a polyvoltine species of Bengal upon Bombyz mori, an imported umvolt.;me
race ; the moths produced have so to speak the blood of both species ;
but when they couple there is a struggle for the mastery between the
two, each striving to cast out the other and the blood of the stronger
species will prove pre-potent over that of the .wea}ter and consequently
unless the latter be recrossed by its own species, it must by the law of
Nature revert to an annual.”

Mr. J. A. H. Louis, in his * Sericulture in Bengal,” refe.rs to a race
obtained by crossing the Kashl.nir male moth over the Desi female but
nothing has been heard of it since then. - .

The attempt of Mr. Cleghorn to create a hybrid race did not produce
anv definite result. In “Indian Museum Notes,” Volume I, No. 2, page
1253, we read as follows regarding his experiment : “ A cross between
the Desi silkworms of Bengal and the European Bomby.c mor: was reared
experimentally in the hot weather of 1888, from some remarkably fine
stock bred by Mr. J. Cleghorn. The results seemed promising at the
first, but the insects rapidly deteriorated, the mortality being so great
in the third generation that the experiment was abandoned. This
confirms the generally conformed idea, which is that crosses between
European and country worms (at least when reared in the way usual
with Bengal silk rearers) are of no commercial value. It was considered
worth while to undertake the experiment as Mr. Cleghorn’s stock was
distinctly finer than Bengal stock.”

Miss Maude L. Cleghorn of Calcutta in her paper on ““ Experiments
in the Inheritance of visible and invisible characters in Silkworms”

1 The word “races’ would have been a bettor torm to have usel. All these

forms of Bombyx mori belong to one “species ” in the ordinary acouptation of that
term. T.B.F.
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has mentioned a multivoltine hybrid race ; but this, however, reverted
to an annual when we tried it at Pusa.

Experiments on cross-breeding are also being done now at the Govern-
ment Nursery at Berhampore and by Mrs. A. C. Ghose of Berhampore.

It appears that in Annam they have got a good result by crossing
French with the Annamese races, Canton with the Annamese race,
crossing the two hybrids and then crossing the product with a French
strain.

Mr. Toyama of Tokyo in his “ Studies on the Hybridology of Insects,”
Coutagne in the ““ Bulletin Scientifique de la France et de la Belgique,”
Vol. XXXVII (1903), Vernon L. Kellogg in his paper on * Inheritance
in Silkworms,” Signor Quajat of Padua and other foreign authors have
carried on experiments from the standpoint of the colour, size and
shape of the cocoons, the larval and adult characters, ete., and not from
the point of view of brood characters; their experiments also were
undertaken with univoltine and bivoltine races.

The material for a proper investigation of this important question
is still quite insufficient. It is the experience of almost all who have
made breeding experiments that there appear great aberrations in indivi-
dual races. It will be seen from the experiments enumerated in this
Bulletin that there are great complications in the brood characters of
the mongrel silkworm races. A short account of the experiments would
be of some service to those who might undertake similar experiments in
future. The data at present available do not permit us to fornmlate
any law regarding the brood characters of the mongrel] races but we may
perhaps be able to contribute at a subsequent date something more
by way of extension and confirmation of our present experiences.

The Pusa Experiments.

‘The methods followed in the Pusa Experiments have been as
follows :—

(/) We have been crossing imported univoltine races with indi-
genous multivoltine races, breeding their progeny, making
these “ self,” selecting the multivoltine eggs, and discarding
from each genel"atiop the univoltine eggs so as to get a
“gelfing ” multivoltine cross-breed.

(1) We have been crossing Bengal multivoltine with Mysore
multivoltine race, breeding their progeny, making these
“gelf,” and breeding them again 80 as to produce a superior
and resistant race.
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(v2) We have been crossing between a foreign univoltine race
with the indigenous univoltine race which has been acclima-
tized and which can stand the Indian climate so as to obtain
a resistant univoltine race suitable for the climate of
India.

(#v) With the object of ascertaining whether it is possible to rear
univoltine races with bush mulberry leaves we have been
importing univoltine eggs each year from foreign countries,
sending them to the Hills or to some ice factory for cold
storage and feeding them with the leaves of bush mulberry
trees, cultivated according to the Bengal system, and
comparing the results obtained with those obtained
from similar lots reared on trec mulberry leaves. It
should be noted that several attempts have been made to
introduce foreign univoltine races in India since the time
of the East India Company with indifferent results which
are mainly due to the want of expert knowledge.

(v) We have been breeding from pl.'ecocif)us univoltine eggs by
applying artificial stimuli “{hlch will m_ake the univoltine
eggs hatch prematurely w1thput sending them to cold
storage. The practice of s_endln;," the eggs to cold storage
is expensive in a country like India and this procedure can
be dispensed with if some artificial means can be adopted
which will ensure the uniform hatching of the eggs.

(vi) We have been breeding from the best specimens of the indi-
genous races and gradually effecting an improvement in
the cocoon by careful selection. We have also been feeding
the indigenous races with tree and bush mulberry leaves
and comparing the results to see which kind of leaves
yields better cocoons.

(vis) It is also thought that by adopting a course which would
make the worms live under conditions analogous to natural
ones some improvement in the race may be effected and
with this object in view we have been trying to rear
worms on trees in nets or bags.

TABLE I

A DETAILED DESCRIPTION OF THE PusaA EXPERIMENTS.
Explanation of Abbreviations wused.
P, = parent moth.
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F, = first generation of P, offspring.

Fy;=second ’ P,

F,=third ’ P, ,, and soon.

¢ =female moth.

4 = male moth.

X =crossed with.

In all dates, the months are written in Roman numerals;
thus, IV = April, VIIl = August, etc.

The average number of P, male and P, female empty cases of cocoons
in the experiment enumerated below without pupal skin per 10 grammes
is equal to 40 and 90 respectively.

Multivoltine yellow Nistari ¢ was crossed over univoltine white
Bombyx mori & and the results are given as under.

¥, GENERATION,

] | Number
| } of average
empty
gful'}:ﬂ?r 01;“&"&?&5 Date of Date of Date of Date of Dato of Date of cocoons
voltine voltine firat second third fourth | 4 o t? Oviposi- | without
layings. | layings. Moulting. | Moulting. Moulting. Moulting. | *OUUNRE.) — ion, pupal
' skin per
| 10
i ‘ gramimes.
Nil All o 16-1-10 L | 24-T-11, | 1INt , | 18-XI-10 | 23-I1-11 | 1110111 71
1 | ]

The cocoons of F; generation were less flossy than P, Nistari and
less compact than P, univoltine cocoons; there was neither a con-
striction in the middle like that in P; & cocoons nor were they pointed
like the P, ¢ cocoons = The cocoons contained less silk than P, 3 but
more than P, @. As it was not known whether the parents of P, ¢
cocoons were from a pure race and whether they would breed true, much
attention was not paid to the number of the coloured and white cocoons
to see whether they would yield results according to the Mendelian
Theory, our object being simply to get a fixed multivoltine cross-bred
race superior to indigenous races. For successive generations of this
race the following Table should be read. For cocoons of this race, vide
Plate II. ‘ :
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TABLE 1

Generation.
Fa L. e
F, . . .
¥, L. e
F, . . .
F, . . . .
l‘"‘l
¥, . .
¥y
¥,
¥,
Fyo . :
Fy, . . '
Foo - -
Fyy . * ‘
Fia . * . '
Fs . . *
Fie . . :
¥y M ° :
Fuy . M . .
Fio . . . .
Fao . . * :

Mysore female
xFy male

Fs . .

}F,' .

Date of
Oviposition,

11-HI-11 .

17-X1I-11 .

14-111-12 .
8-V-12 .
16-V1-12 .
23-V11-12 .
20-VIII-12

7-X-12 .
18-X1-12 .

18-11-13 .
20-1V-13 .
3-VI-13
9-Vii-13

12-VI1I-13.

19-1X-13 .
30-X-13

22-I-14
19-IV-14
2-VI-14 .

11-VII-14 .

16-VIII-14.

voltine lay -
ings.

el l Number of Uni.

Hu

o

Nid
Nid

[ )

Koo

[

N

Mul-
¥-

x| Number of
& tivoltine lay
ings.

-

100
76
100
U]

Date of
Hatching.

27-X-t1

ti-1-12

1201002,

1-1v-12 .,

17.V-12
21-VI-12

3).V1-2

¢-I1X-12

18-X-12

1 XI1I-12,

9-111-13
20-1V-13
1-vI13 .
17-V1I-13

20-VIII-18

28-1X-13 ,
12-X1-13 ,
18-11-14

28-1v-14

H-VI-14

20-VI1I-14

Date of
it
Moulting,
J0-X-11
19102
5-1v-12 .

20-V-12
e8-Viae |
$Vila2,
1-INa2

20-X-12
23-XI1-12

16-111-13
Vil
14-V1-13
20-V11-13 .

22-VIII-13

1-X-13 .
18-X1-13 |
28-11-14
2-V-14 .
14-V1-14 .

23-VI1Il-14 .

MULBERRY SILK INDUSTRY 1
—contd.
Number of
Date of Date of Date of Date of co’éﬁ:ﬂff REMARKS
sceond third fourth Mounting. without ! ’ ’
Moulting. | Moulting. Moulting. pupalskin |
| per 10 [
\ grammes. |
3-XI-11 . | 8XI1v . | 18-XI-11 , | 21-X1-11 70 The eggs were sent to cold
i ' storage in May and
I ! brought back in October.
26-1-12 . | 1112 . | 13-11-12 . | 24.1T-12 110 - Here and in successive
) . generations the results of
' i rearing from the multivol-
| tine layings are given.
e . . . .. I A few of F, univoltine
‘ ! eggs began to hatch very
‘ | irregularly as they were
! exposed to artificial
\ | stimuli to be described
. | later on.
10-IV-12 , | 15-IV-12 , | 20-IV-12 . | 27-IV-12 . 90
24-V-12 ‘ 28-V-12 ., | 1-VI-12 , | 8-VI-12 95 ‘
|
30-VI-12 . | 4-VI[12 | | 9-VI-12 | | 14-VII-12 , 8¢ |
5-VIII-12 , ‘ 9-VIII-12 14-VITT-12, | 19-VITI-12, 90
16-I1X-12 . ! 22-IX-12 . | 20-IX-12 . | 6-X-12 84 Tges of F, generation were
| I reared in two lots.
. ! . . 77 ' Some multivoltine layings
‘ \ of F, sent to Berhampore
Central fNurs:ery for
! changes of seed.
23-X-12 . | 27-X-12 . [ 4-XI-12 16-XT-12 . 76 | Thesc eggs welret from the
' Berhampore lot.
31-X1I-12 . ‘ 8-I-13 .| 28-I-13 8-11-13 . 3110 ' The seed cocoons were pnt
. into hot incubator at
| about 76°F. for the speedy .
‘ emel]'gence of the
moths.
22-I11-18 , | 27-IV-13 , | 3-V-I3 9-v-13 . 130 | The cocoons were \t'lf-ry
| ! 11 in thi on..
10-v-13 . | 14-va13 . | 10-v-13 | | 25-v-13 100 | M e menerd
16-VI-13 . | 18.VI-13 | | 21-VI-13 . |30-VI-13 70 I
23-VII-13 . \ 27-VII-13 . | 31-VI1-13 , {4-VIII-13 90 Very few eggs of some layings
were partly multivoltine
and partly univoltine.
25-VIII-13 | 28-VIII-13. | 31-VIII-13, | 9-IX-13 . 90 Some layings were partly
univoltine and partly
multivoltine.
4-X-13 .| 7-X-13 .| 11:X413 . 1 19-X13 100
26-XI-13 . | 3-XTI-13 , | 1)-XIL-13. ' 31-X11-13 . 135
28-I1-14 . | 10-11I-14 , | 22-I11-14 . | 8IV-14 . 100
7-V-14 .| 11.V-14 | 15-V-14 .| 23-V.14 90
16-VI-14 . | 19-VI-14 ., | 24-VI-14 , | 830-VI-14 . 80 The male of this generation
was crossed with female of
Mysore race and this race
will be named
Mysore fomaln}
x ¥y, male 1
»
26-VII-14 . | 20-VII-14 . | 31-VII-14 . | 9-VIII-)4 . 50
.. .. . . . The race is being continued
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We do not think it advisable to discard the univoltine layings and
to distribute the multivoltine layings to the cultivators, though in some
generations they have given better crops than the indigenous races,
as we have to militate against the probable existence of strain idiosyn-
crasy, for it is quite possible that the progenv of the multivoltine layings
may turn to an annual race; another difficulty which we have met
with is the natural tendency of degeneration in the worms and conse-
quently in the cocoons after some gencrations in the worms. The
vigour of the worms may be kept up by the infusion of new bl('x.)d,
t.e., by repeated crossing after some generations, but there is possibll.lty
of the race reverting to an annual one. We have been continuing
the experiment to see whether our efforts to fix a multivoltine cross-
bred race, which would not degenerate, would be successful.

The univoltine layings from some of the generations were selected
and sent to cold storage for uniform hatching and reared in due course.
All the eggs of successive generations were found to be u.nivoltine. The
results of rearing the univoltine layings of some generations are enume-
rated below. The cocoons produced from the 1}niv01ti.ne l:fyings were
far superior to those obtained from the multivoltine 1aymgs in the same
generations. The shape and size of these cocoons were dlﬁelrent. from
the multivoltine ones. In some there was a little constriction in the
middle but others were pointed. .

In some generations the worms were reared separfztely in two or
three lots to select distantly connected moths for crossing in successive
generations to infuse new blood in the progeny.

T ! ¥
Date of Dato of Dato of Date of
Dateof | Date of
. first second third fourth
Generation Oviposition. Hatching. Moulting. Moulting. Moulting. Moulting.
o — .- [P N — |
. . | 1110, 0 27-X-11 30-X-11 , | 8-XI-tt , | 8-XI11 , | 13-XI-11 ,
F, .
. . | 8XII-1
Fo ! @III-13 . | (3-TII-13 , | 19-TI1-13 . | 1-IV-13 ¢IVa13
Fs . . . |16vVIiz
F . !
& * 17-IV-13 . | 6-XI-13 11.XI-13 , | 10-XI-13 . | 27-XI-13 , | §-XIL-13 ,
gL | |
‘ I:’umber T
of empty
I' cocoons Date of l?r?x';o ,g'g
Date of Mounting. w“lllw,‘l‘lt‘ ;c',“ci(')']‘gs‘;ﬁf back the REMARES.
knger l o age. crgs from
1o gram- . cold storage.
| mes. |
21-XI-11 . \ 75 ev-n L | 21X, These eggs are from the univoltine layings.
9Iv13 . .l 70 12-VIIL-12 | 24-11-18 , | Tho oggs were mixed up and reared
ther.
25-X1I-13 . . ! 69 i 20-IV-13 , | 26-X-13 , fogether
; |

TABLE II.

Regults of crosses between univoltine male and multivoltine female and
vice versd are enumerated in this Table.
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g Date of
Race. 2 | Oviposition.
]
g
Qo
3
Multivoltine Burma femalex Unjl Fy 30-IV-11 .
voltine Italian-Japanese male
Do. . . . .| Fa 7-VI-11
Univoltine frmale x Multivoltine | Fy 1-Var
Burma male,
Univoltine female x Nistari maley F, . | 14-IV-11
Do. . . . F, 25-111-12 ,
Deo. . . . F, 17-v-12
Borogohl female x Chotopoh | F, 15-IV-11 .
malo,
Boropolu female x Nistari male| F, 81Iv-11
Do. . . . « | Fa 27-II1-12
Do. . . . . | Fy 10-V.12
|
Do. . . . .| Fs 10-v-12
Do.. « « «|Fi.|4XIIag ,
Boropolu female x Mysore male | Fy 8-IV.11 ,
Do. . . . .| Fa 23-111-12 .
Do. , . . .| Fs 15-V-12
Boropolu female x Nistari male | F, 18-1Vv-11
Do. . . . .| Fa 25-111-12 .
Do.. . . .|F,.|14va2 ,
French male x Chotopolu female' F, 6-II-12 .
Do.. o . . |PFy.|12Iva2 ,
Do.. ., . .|F..|eXI12,
Chotopolumale x ¥rench female, F, 6-Il-12 .

}

!

" Number of Univol-

tine layings.

=2
=

All

Al

All

47

All

All

Nil
20

Nit
Al
Al
All

| Number of Multi-
voltine layings.

|

Ni

Nd

Nad

10

Nil

Nil
32

Ni

Ni

1

Nil

15

All
Nil
NU
Ni

Date of
Hatching.

11-V-11

11-25-1-12,

QOctober
1911,

February
1912,

7-IV.12
27-V-12

17112,

17-1-12
7-1v-12
23-V-12
12-X-12

27-11-13 .

29-1-12
8-Iv-12
23-V-12

1-1T-12

7-Iv-12
23-V-12
26-1I-12
12-X-12

..

12-X-12

Cocoons if

superior to

Multivoltine
P, race.

Superior.

Do. .

Superior.
Do.

Do.

Superior.
Do.
Do,

Very poor
€ocoons.

Do. .

Superior.
Do.

Cocoons
were poor.

Superior.

Do.
Do, .

Do.
L Do.

| Superior.

REMARKS.

The eggs were not
sent to cold storage
but kept suspended
in a room in an
earthen vessel as is
the practice in
Bengal with Boro-
polu eggs.

All the worms wers
lﬂ({lled by parasitic
8,

The cocoons were
very small and
therefore the race
was given up.

4 or 59, from all the
layings began to
hatch from 27-11-13,
lil‘he race was given

p.

The race was given
up.

The race was dis-
continued.

The ‘race was dig-
continued,
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TABLE TI—contd.

Race.

Generation.

|

Chotopoln male x French female F, .

French female x Nistarl malo, |
i

=

Do. . . .

]
-

Do. . . . .o Ry

Japanese male X letaﬁ-Mysora‘ F, .
enale. -
Do. . . . AN AN

|
Niatari female x Italian-Japanese , F, .

male,
Do. . . . . Py

Chotopolu female x Itallan- F, .
Japanese malc.

Do. . . . .t Fa
Do. . . . . l F,

Do. . . . . l F, .

Chotopolu female » Boropolu- IFy .
French male, ‘

Do. - . . LRy

Do. . . . .| Fy.

bo. . . . R

Do. . B B D
I

Do. . . . . Fg .

Do. . . . Fl

|
French Boropolu femalex Nistari ' F,
male. . ‘
|
Mysore-Nistari femalex French '
male,

F,.

Do. . . . N
|

|
Ttalian-Japanese female X Nistari | F, .

male, i
Mysore-Nistari female x Boropolu | F, ,
male. s
Do. . , . iRy

|

Italian-Japanese femalex Choto- F, .,
polu male. !

Date of
Oviposition,

26-XT1-12
27-111-11
28-11T-12 |
12-V-12
10-1V-12
19-V-12
19-1V-12 |
22-V-12
18-V-12
20-V-12
27-1V-14
9-VI-14

8-X1I-12 ,

21-1I11-13

9-V-13
20-VI-18 ,
30-VII-13

6-1X-13
18-X-13

9-XII-12 .

17-V-14
27-VI-14

29-IV-14 .
-1v-14 |
22-V-14 ,

27-IV-i4 |

tine layings.

! Number of Univol-

All )

N
All
~Nid
All
Nid
Al
Nib
Al
Nil

Nil

167

8
33

4

2
5
b-E-] Date of
nw Hatehing.
23
EE
-4
N
{
Nil | 15112
6| 7-Iv-12
Ni
Al | 8Ivae
Nt |
Al | 28averz-,
N |
AN 28.vai2
o
AL | 6-Vae
Nil
All | R-1-13
133 | 31-1TL-13 .
1" i 19-V-13
34 29-VI13
s | rvimnais
51 15-1X-18 .
| Nl
|
42 20-V-14
|
Nil
Nil

All | 17-1V-14 .
Nid

Ni

Cocoons it
suprrior to
Multivoltine
¥, race.

Buperior.
Do,

Superlor.

Superior.
Superior,

Supetior.

Superlor

Superior .

Do.
Do.

poor
¢ocoons.

very poor
COCOOns.

Superior.

Superior.

REMARKS.

The ftace was dis-
continued.

The race was dis-
continued.

The race was given up.
The race waa given up.
The race was given up.

The race |
continued. " bolng

Rorults of multivo).
tine layings l‘o,ln
given here anq in
the succossive gener.
ations,

‘There  was ro,
mortality . l;‘):;
caterpillar stage,

The race waa aban-
doned. ~ Four lay-
ings were unfertl-
lired in this genera-
tion.

Twenty eggs hatched
from one laying on
27-11-13. They were
reared but all of
them dled.

The race Is being
continued.

Do.

The tace Is being
continued.

The race is being
continued.
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From the above experiments we can safely conclude that the brood
character is maternal in the first cross generation but that there are
complications in the later generations. It will be noticed that eggs
have become univoltine in the successive generations though the parent
layings were multivoltine. The results as regards the brood characters
in these silkworms do not seem to conform to Mendel’s Law. The laws
of heredity in silkworms, as far as the brood characters are concerned,
are so complicated that it may almost be said that, so far as we can
see at present, no law exists.

Thus it is possible to get superior cocoons if the eggs are obtained
from a cross between the female of a multivoltine race and male of an
annual race; the eggs in the first generation will hatch ten or twelve
days after oviposition like the multivoltine ones ; but in the next gene-
ration the eggs will turn to univoltine. If the male moth of this mongrel
race is made to pair with the female of a multivoltine race, the eggs in the
first generation will be multivoltine and the cocoons, produced by them,
will be superior to the best multivoltine races. If the male of this
generation is made to pair with a multivoltine female, the eggs in the
first generation of this cross will turn to multivoltine and the cocoons
will be superior to multivoltine ones. So in each generation if a male
univoltine or a male of a superior mongrel race of any generation is
made to pair with a female of a multivoltine race the crop will be far
superior to indigenous races. Thus superior cocoons can be obtained
in all the Bunds (seasons) if the indigenous multivoltine races are sup-
planted by the above-mentioned mongrel races. But the question is
whether it will be possible to supply all the cultivators with the eggs of
the above races in each Bund. It should be noted that all the eggs of
the above female mongrel races will turn to univoltine in the second
generation and they will be wasted if they are not sent to cold storage
for uniform hatching. [t should be further noticed that at present the
cultivators procure seed-cocoons and not eggs from distant localities
for rearing purposes; but if the above procedure were adopted, eggs
would have to be supplied to all the cultivators, and it would be very

unlikely that they would follow special directions for rearing them,

At present the cultivators of Bengal alone require about Rs. 1,50,000
werth of eggs annually ; but all the Government and private nurseries
cannot supply more than Rs. 10,000 worth of egas. Taking for granted
that all the existing nurseries were to begin to produce eggs as directed
above, the supply would still be quite inadequate.
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TABLE III.
Results of the crosses between different varieties of univoltine races.
| Numbe Numt |
| Date of nmber umber
. Geuer- s . of Uni- of Multi- Date of \
Race. © ation. 0‘:.'(;?:' voltine voltine Hatching. REMARKS,
i : layings. layinge.
Trench malo x lmmn-( ¥, 28-IV-114 Al l Nt 20-X-14,
Japanese® female |
il ‘
Do. . .| Fy [i0-XII-1} AL N 14-X-12.
. i |
Boropolu  male] x F, 0 13-IV-H All it 1-11-12
French™ female 1
|
Do. . . ¥, | s ] 15 9 IV-12 | The Multivoltine lay-
{ngs In thin gonera-
tion are curlous,
Do. . . F, 17-V-12 All Nt 1-XI1-12
French female x Itallan| F, 16-111-1} All Nik 15-X-11.
male
Vi 112,
Boropolu  female x F, | 13v-00 All N T
French male I ‘ i
I ! '
[ 111412 [ 3 a-1v-12 The  Multivol
Do. LT 1 \ ; 12 Ings In this gemer
\ ation appear to be
l i curious.
Do. . t F, |21z 108 N4 20-X2

Mr. Goodman pointed out at the Special Meeting of the Bengal
gjlk Committee held on 31st March 1913 that from seed supplied in 1910
a cross between Italian and Japanese moths became multivoltine in
the bth generation. According to M. Lafont, Professor of Sericultural
Research, Berhampore, Bengal, univoltine eggs are turned to multivoltine

~in the climate of Madagascar. In Japan some univoltine epgs were
turned to trivoltine when kept in a room at a ‘certain degree of tem-
- perature. The untimely hatching of the eggs in the above Table may
be due to climate and temperature. .

- We have seen by practical tests that crosses between a univoltine
race and Boropolu are more resistant to diseases and can be reared in

* those places where pure imported races do not thrive well. As Boropolu

“ has been acclimatized in India for a long time it can stand the Indian

" climate better and therefore the crosses between this and the univoltine
races give satisfactory results,

PLATE III.

FicuBe 1.—COCOONS OBTAINED FROM THE CROSSES BETWEEN FOREIGN AND 1NDIGENOUS
UNIVOLTINE RACES.

. ‘\‘

~ PRENOH o
‘ouoﬁ)mu +

i

A |

Ficozr 2.~COCOONS OBTAINED FROM THE CKOSSES BETWEEN UNLVOLTINE FEMALE AND
MULTIVOLTINE MALE. ’ ’
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TABLE'IV.

17

In this Table the description of the crosses between multivoitine races
are rnumerated.

Race.

ation.

Mysore female|

x Nistari
male.

Do. .
Do. .
Do. .
Do.

Do. .
Do. .,
Do. .
Do .
Da. ..
Do. ,
Do.
Da. .
De. .
Do, .
Do, .
Do. .

F,

F,

Fio
Fuy

Fh‘-
<Fyg

Gener-

Number of
Univoltine
lavings.

| Nl

Nil

0

Ty !
5S& Datoot Date of ’ Date of
-g 2 £nOviposition. | Hatching. | Mounting.
FE= 1
L l
All | 8T, | 30T-41 J 8-TH-11
|
\
\
All | 220110 . | 6EV-TL L[ 8Var
\
|
Al | 15V, | 22-varr , 16-VI-iL
108 | 28-VI-1l , | 8-VII-11 , { 20-VIL-i1
98 | 6-VIII-11 . | 14-VITI-11 | 6-IX-11 .
100 | 15-IX-11 . | 24IX-11 . | 16-X-11 ,
108 | 26-X-11 . | 8-XI11 , | 4L12
93 26112, | 8-IL-12
Al | 17-IT112 | 27-T1T-12 . | 26-IV-12 .
58 | 6-v-i2 | | 14.v.12 6-Vi-12
100 ! 18-V)-12 23-VI-12 . | 12-VII-12
151 | 23-VII-12 | 31-VIL-12 | 17-VITI-12
109 | 26-VINI-12  4.IX-12 . | 24-IX-12
50 | 2-X-12. . ' 12-X-12 10-XI-12 ,
|
10 | 27-X1-12 . | 26-XII-12 | 18-I[13
I
i
I
I
10| 14T1E-13 . 2011113 . .
Al | 6IV-13 14IV-13 . | 11-V13

1

B

. Number of empty co-

coons without pupal
skin per 10 grammies,

-3
0

85

80
79
70
74
87
96

75
93
97

83
80
79
90

REMARKS,

All” the cocoons
were yellow in
F; generation,
Eggs from yel-
low cocoons
were kept in all
the generations.

Some of the co-
coons were yel-
low, some were
white and some
were  greenish
white.

All the F,, F,,
Fg, F, and Fy,
pigmented lea-
den grey:' eggs
began to hatcg'h
from - 1018
Iv-12,

The igmented

univoitine ‘eggs
of this genera-
tion ~  hatched
on 23-1I-13.

F,; pigmented
eggs hatched on
17-11-13  and
matured or 26-
1113

ARl dled,

These eggs are
irom the second
generation  of
Fis  pigmiented

l ogas.

c 2
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TABLE IV—contd,

, I
i g‘ Eg
HAE By el
‘Genero| §2 8, 538 pate of Dato of Datn of (TS, EMARKS.
Bace. ation. |5 §€ 225 Oviposition. | Tintehing. | Mountinr, [wE2  RFMA
! Enﬂ =5 A M
| i s 23 S
58
z &4, ) ~
Mysore {0 B |
Mysore fe-
¥nulexNis- F, | Ni | an 20-V-13 , | 28-Va3 . | 18-VIR . | 95
tari male. .
Do. .| Fi. | Nl | AR | 26-VI13 , { 5-VIII3 . | 25-VII-13 84
Do. | Fyo [19% " 819%| 2-VIIT-13, | 11.VIIT-13 | 30-VIIT-13 | 83 '
Do. .+ Fp [21% | 79° 8.IX-13 ., |16-1X-13 . | 7-X-13 . | 80
Do. .| Fy |20% | 80%| 25-X-13 ., | 3-XI13 . | 23-XT-13 , | &2
.. . 9 o -X11- -1- o 2511014, 83, Themultivoltine
Do. Fp [25% | 759! 15-XI1-13 13-1T-14 5 ) The multivoltine
troyed and the
pigmented eggs
wero  kept for
rearing.
Do. | Fy | N8 | AN | 4-TV-14 . | 15-IV-14 . | 8-V-14 | 03
Do. | Foo | N | An [ 10-vaaa | 27-V-14 16-VI-14 . | 110
Do. | Fp | Nil | An | 26-VI-14 . | 4-VII-14 . | 23-VIE-04 86
Do. - J Fyo | Nl | AD | 31-VIL-14 | 9-VITL-14 . | 27-VIIT-14 | 98
7a -IX- 20-X-14 . . The e
Do. | Fyp | Nt | Al | 5-IX-14 . | 13-IX-14 . Lo mcm,\,:
tinued.
! !
1 , [ 10-1X- o)
Mysore fe-| F, Nit | ANl l22.vIIT-14 | 80-VITE-14 [ 19-IX-14 . 72
male xNLi-\ :
tarl Choto-' |
poluF,male
Do. Fa b | 27 .o .. .e .. The race is being

continned.

The pigmented leaden grey eggs in the fourth and successive gene-
rations of this race appear to be curious for it is expected that the eggs
oviposited by a cross between multivoltine races will be multivoltine
in all the generations. These eges showed the characteristics of univo}-
tine eggs but they did not require cold like univoltine eggs for their
uniform hatching, for they began to hatch naturally about two to four
months after oviposition. This is a case of reversion. The reciprocal
cross (Nistari ¢ X Mysore d) exhibited the same characteristics, as far
as the pigmented eggs are concerned, up to eleventh generation, when
the race was abandoned. o

In 1912 we raceived some seed cocoons of Chinapolu and Nistarl
races from Mr. M. C. Roy of Kasimbazar and the Superintendent of
Sericulture, Bengal ; it was found, when the moths from these two lots
. oviposited, that some percentage of the eggs were pigmented like the
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above, Captain Hutton has described some * vivaceous eggs from some
of his Chinapolu layings ” (vide “ On the Reversion and Restoration of
the Silkworm,” Part II, page 315). Table XT should be read along with it.
We do not recommend the distribution of seed cocoons, the progeny
of which will not hatch like the eggs of the multivoltine races as
there will be confusion and bad economy.

TABLE V.

The following experiments were undertaken to see for how long
the multivoltine eggs can be prevented from hatching if they are pre-
served in the cold and whether good cocoons can be obtained from cold-
stored eggs.

When eggs are ready to hatch leaves are not always available for
rearing the worms; so it would be a great convenience if the
hatching of the multivoltine eggs could be retarded for some time,
go that suitable leaves would be available at the time of hatching, since
otherwise the eggs would have to be destroyed for want of leaves. Some
maintain that the indigenous worms have become degenerated by being
forced into unduly rapid reproduction (vide Geogheghan’s “Silk in
India,” page 34, paragraph 34). The following experiments were carried
out to show the truth or otherwise of such a statement.

Date ot | Tempera- e
Date of bringing
Bace. | Ovipon | Saasroe | i | "BEES | Datoot | pateot | o
tion. %Old or of the it%[gghe Hatehing. | Mounting.| EMARKS,
storage. room. | i, cubator.

Mysore fe- 16-X-11 | 20-X-11 | 62°-64°F. | 25-X-11. | 29.X-11 1-X1I-11
male X ¥
7

Nistari
male.
D 16-X-11 | 20-X-11 | 62°-64°F, 27-X-11. | 80-X-11 | 3-XII-11

i
Do. . ) 16-X-11 20-X-11 62°-64° F. 30-X-11 31-X-11 8-X11-11
i 20-X-11 62°-64° F. 81-X-11 1-XI-11 8-XII-11
Do. o | 16-X-1! 20-X-11 62°-64° F, 1-XI-11 1-XT-11 8-X1I-11

Do. o 16-X-11 20-X-11 62°-64° F. 3-XI-11 2-XT--11 12-XII-11 |The eggs hat-
| 3-XI-11 ched in the
incubator on

D o ara 2-XI-11.
0. | 16-X-11 | Keptin | 76°-85°F. .. 26-X-11 | 21-XI-11 |Eggs kept In
‘ an ordl- the room
:1:;‘3111 temperature.

Chinapola , | 10.X-11 | 20-X-11 | 62°-84°F. | 7-XI-11 | 7-X1-11 |17-XII-11

Do. . I 19-X-11 20-X-11 62°-64° F., | 8-XI-11 8-XI-11 ’22-XII-11 |Half of the

: eggs hatched
in the incub-

ator.
Do. . 1711 . 76°-86° F. . 27-X-11 | 26-XI-11 |Eggs kept in
‘ t%e room
temperature.
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Date of send- | Dateot  Dateot
Date of ing the co- z?':;":f{::::m bringing  cmergence
Race Mount coons fnthe - o orof hack from of the REMARKS.
ounting. cold incu- the room the incuba-  moths and
bator. . U ter, Oviposition. '
l
Mysore tomale)
x Nistari ‘F‘,, 15-X-11 . | 20-X-1Y | .e 27-X-11 . 30-X-01 Tho eggs were
male P, *uniformly laid.
Do. .| 18-X-11 L | 20-X-1Y . . 2-XE-tr . 2-XI-n |
Do. o] 16-X-1 . .. ‘ 75°-83" F. .. 20-X-11 I

Thus it is possible to retard the hatching of the multivoltine eggs
if cocoons and eggs are kept in the cold incubator for about twenty-five
days without any injury to the embryos. Practically there is no
difference between the cocoons produced from the cold-stored egus
and normal eggs though in some cases the cocoons produced from
the former were a little smaller.

TABLE VI

From the following Table it will be seen that the yield of silk is always
better both in the case of univoltine (whether imported or acclimatized
in India) and multivoltine races if the worms are fed with tree mulberry
leaves. It is for this reason that we recommend the extension of tree
mulberry plantation everywhere. It is no doubt difficult to procure
tender leaves suitable for the worms of the first two stages from tree
mulberry in all seasons except Spring ; but this disadvantage can be
obviated if a small additional plot of bush plantation is kept for the

young worms.

} ‘ ' Weight
of 20
D ] empty
ate o " Date of cocoons "
Race. . Foodstuffs. Hatching.  Mounting.  without RENARKS.
pupal
) skin in
J gralns.
Nistarl . + | Bush mulberry $-JIL-12 | @-IV-12 . 23-6
) leaves.
Do. . « | Cultivated tree mul- 3-11I-12 ., 9.IV-12 ., 285
berry leaves.
Do. . V:;lld tree mwberry * &III-12 .  10-1V-12 . 25-3
aves.
Italian-Japanese . Do. . o BBII-2 | 14eIV-i2 420
Do. . . | Cultivated treemul- 13-I1I-12 , 13-IV-12 . 537
berry leaves.
Do. . i | leaves from bush . I3-III-12 [ 24-1IV-12 | 317
Bojopolu . . | Cultivated tree mul- J1-1I-12 | 14-111-)2 , 20-6 | Suitable loaves were
berry leaves. ; not.  available and
o ' | * hendo the growth of
} the worms was no'
. N . : satisfactory.
Do. . . { Bush mulberry leaves 1-1I112 |, )7-110-12 . 37-2
Nistari x Univoltine Wild treo mulberry 27-X-11 . 20-XE1I "2
, o1 leaves.
Do. . . | Leaves from bush . 28-X-11 ., 29-XI-11 . ! 408
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TABLE VI—contd.
I

’ Weight | Weight

Dateof |  Date of of 100 of 100

ate of ate of raw pierced

Race. Foodstuffs. Hatching. | Mounting. | cocoons | cocoons | REMARKS:

J in in
i
|

grains. | grains.

Italian x Japanese ., | Cultivated tree mul- - 81-III-i14 .
berry leaves.

26-1V-14 156-8 280
'
'

Do. . . | Bush mulberry , 30-III-14 . | 27-1v-14 \ 1344 252

leaves.
|
Mysore x Nistarl . | Bush mulberey 4-VII-14 ., | 23-VII-14 1300 108
feaves,
Do. . . | Cultivated tree  4-VII-t4 | | 23-VII-14 100°0 117
mulberry leaves .
Mysore . . . | Bush mulberry ~ 23-V1I-14 15-VIII-14 100°0 ..
leaves. !
i .
Do. . . | Cultivated tree mul- | 24-VI1I-14 18-VIII-14 90'0

berry leaves.

TABLE VII.

The results from the following Table show that it is possible to get

satisfactory crops both from newly-imported and acclimatized unj-
voltine eggs. ,

‘ Weight of
| Date of Date of 100 5
Race. ! Brood. Hatching. Mounting. cocoglrgcigd REMARES.
| grains,
B — e e e | — e
Italian x Japanese , | First . | 19-IIL-1Y , | 23.IV-11 13 The eggs were recei
from g[essrs. Andem‘szld
Wright and Co, of
Calcutta,
Do. . . | Second 6-XI-11 . | 19-XII-11 14
Do. . .| Third . | 12-X-12 | | 13-XI12 ., 25
Do. . . | Fourth . | 12.1X1-14 , | 10-1V-14 , 33
Do. . . | Fist . | 6-I1T-13 , | 9-IV-13 | | . 17 Do
Do. . . | Second . | 14-III-14 . | 12.IV-14 ., 25

Some maintain that univoltine eggs should be imported every year
This Table shows that good crops can also be obtained from acclimatize(i
eggs. For the present we recommend the importation of eggs each year

but, when the mdustry is established, eggs should be produced l‘oc‘é;ll)',



23 MULBERRY SILK INDUSTRY

TABLE VIIL

It will be noticed from the following experiments that the percentage
of pebrinized moths from the same lot of eggs of the univoltine broods
which were reared in the first part of March, when the temperature of
the rearing room varies from 64° to 85° K., is less than in those bred
in the latter part of March, when the temperature of the rearing room
varies from 70°—90° F, It will be further noticed that the multivoltine
Chotopolu and Nistari races reared in the first and latter parts of March
exhibited only 3 and § per cent pebrinized moths respectively, while the
univoltine worms reared outside on trees and domesticated inside ex-
hibited 3 per cent and 16—60 per cent pebrinized moths. The moths
from the lot reared outside were healthy, resistant to diseases and ad-
mirably suitable for reproductive purposes. It has also been shown
that freshly-imported eggs as well as the eggs obtained from the moths
acclimatized for two or three years showed an almost equal pereentage
of pebrine in a climate like Pusa, though we believe that better results
can be obtained in cold places like the Hill Stations of Assam, the United
Provinces and the Punjab, where worms should be cultivated for repro-
duction.

We have also shown that good cocoons are similarly obtained from
acclimatized eggs if due care and precautions are taken for cellular
eggs and if the worms are carefully attended to.

| Wolght | Per- .|
of I(I()l wn(} (l,ool:';_ !
te of Datoof | pierced | ago of N . . .
Race. B?chlg .| Mounting. cocoons | Pebrini- ageof 1 REMARKY.
H 4 n ol healthy
i grains. | moths, | WOths.
Ttalian-Japanese First | 10-111-14 . | 7-IV-t4 . 28 21 79 | Rearod Indoors.
Brood P : ¢
T . f l
Do. . Jo-111-14 , | O-IV-14 22-4 3 07 ’lunmd outside
on treea.
mlli;m-xapanm Socond | 11-I1E-14 , | 10-IV-14 , | 38 29 71 | Reared indoors.
rood. .
It.al]l;m-Japanese Fourth | 12-1II-J4 . | 10-IV-14 , 33 3 81 Do.
Italian-Japanese  Second | 14-III-14 , | 12-IV-14 , 33 57 43 ‘ Do.
Brood. |
Chotopolu . . . | 0-111-14 , | 37-IV-14 . 3 07 Do.
Ital‘i;m-ggmnese First | 80-TII-14 , | 27-IV-14 , 252 52 438 Do.
rood.
Fronch First Brood . . | 3111114 . | 27-IV-14 . 28 87 13 Do.
|
Do. . v 31-111-14 . | 28-1V-14 , 28 81 19 i Do.
Italinn First Brood , . 3-III-M4, | 20-1V-14 . 252 18 72 Do.
Do. . . o IV-14, 20IVe4 L7 308 40 60 Do.
Nistart . . . || 2100114 . 20IV-14 , l . | 5 ( 95 Do.
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TABLE IX.

It will be noticed from the following Table that the univoltine eggs
should be kept in cold-storage for about four months, that the te?n-
perature suitable for cold storage is about 30°—40° F. and that it is
quite possible to preserve the eggs in Hill Stations, such as Shillong,
Simla, Naini Tal, etc., where the natural temperature in winter from
October to February varies from 60°—30° F., for rearing in February
and March, and that for rearing in October or November the eggs should
be sent to an ice factory for cold storage, the natural temperature of
Hill Stations from May to October being high.
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TABLE 1X—contd.

Dato of send- | Dnteo!
Dato of Ovipusl-  ing eggs L’:"":(‘{"'g Date of Hatching. Result of the rearing. REMARKS.
Race. tion. for col . from
storago. ooiﬁlonlo.
. D1 27-X-11. Al the eggs { Successful . . . . | The eggs were kept at 40°-45° F. in
Univoltine . . . . . . . | Marehaont o 2var L EEXal hatched in 3 days. an ice factory.
. Do. ., . . . . Do.
Boropolu . . . . . . . . Do. . Da. . Do. . Do. . . o
10-11-12,  Almost all the Do. . . . . . | The eggs were kept suswﬂded from a
Do . . . . . . . . Do. . e o eggs hatched in 8 days. ceiling of a room at a the tem-
' perature of which varied from 70°
| to 48° F.
i
v R 12-X-12. ‘The eggs hatch- Do. . . . . . | The eggs were preserved at 40°-45° F,
Do. . . . . . . L | 2 Ivae . L 1ndvae ] I0-Xei2 ed in 3 days. b in an ice factory.
- -VI-12, The e hat- | All the worms died in the 5th stage Do.
. . . | June 1911 | oeseatag L 1geVIa2 203:«1'12:: 3 deys. g8 o woraint of hot) 8
French . . . . . .
o -1V- | we-Xa2 14-X-12.  All the eggs | Buccessful . . . . Do.
French and other Unlvoltine races . . . < F ;":';"",'I'f 0 ,27'"1 18-1v-12 hatched in 3 days.
2411112 . .. . 7.11-13. The eggs hatched Do. . . . . | The eggs were kept suspended from
B lu . . . . . . . " in 10 days. a ceiling of a room at Pusa the
oropo . temperature of which varied from
72°-45°F.
8-1V-12 . . .. . 10-11-13. The eggs hat- | The cocoons were small . . Do.
French e e e ched in about 35 days.
; nd ¢ 12-VIH-12 o240 7-111-13. The eggs hat- | Successful . . . . | The e were sent to Ram
B 1u and other Univoltine races o e l‘ﬁ':";‘c";lrfmz'f ‘ ched in 4 days. whelgegsthey were kept sus E&’;ﬁ
oropo in & room the temperature of which
varied from 60° to 30° P,
. i -13. The eggs hat- Do.
. . o. . Do. . | asd1as | 6-111-18 . . . . . | The eggs were sent to Shillong where
Do. . . . . . . D ’ ched in 6 days. they were kept suspended from the

ceiling of a room the tem
of which varied from 85° f,%e ;&;gui‘e

.y 9.V . . | ¢-111-13. Almost all the Do. . . . . | The eggs were sent to Shi
Univoltine - . . . . . .| 27-IVa2 .l zevinae | ozednas ‘ eggs hatched in 5 days. the ygi-’;m Kopt at Oolg{l;ggng'vbem
j ‘ g-I11-13. Almost all the Do.. . . . . |The
Do. e e e e Do. : Do. .| 2edlas . eggs hatched in 4 days. ' s wero sont to Muktesar for
30-LX-1 g | 93-T11-13. Almost all the | All the worms died in the 5th stage. | The
Do. . . . . . N . . | July 1012 . | 80-IX-12 , | 8-111-13 ; oggs hatched in 4 days. k ge. co];gggr:;%m sent to Shillong for

i
|
30-1V-14 < 5-XI-13., Almost all the | Successful . . . | Th
Boropolu and Univoltine races « + «  « | January toMay | 30-1V-13 . | 26-X-13 . 1 eggs hatehed in 3 days. e eggs were sent to an ice factor
{

for cold storage at about 40°-45°

Boropolu - . . .o e D:;ml;grw_wd - . 5-lcll;£-m'€1:fay:888 hat- . ng‘%gggovga Freserved in an ordi-

Boropolu and Univoltine races . . . . A][x))r'i:l‘.and July i 120X-13 . | 231104 . 143,19{‘-141-“ ﬂ:ay:ags hat- | Successful . . . . ngl;gs%gr;v:;? sent to Ramgarh for
Do.  « o e e e Do. . | X130, | 2l 31-011;1&1&-3 ;fah;& eggs hat- Do.. . . . . Tl;mgggo :‘Z;;',’ sent to Muktesar for
Do .. .. ..l Do lmmn L ma L e | Sucll, The gt s Pe.

Boropolu . . . . . . . ;‘ Iv-13 . . .. . 26-1-14. Almost all the | Successful . . . . | 'The eggs were kept suspended from a

eggs hatched in 8 days. celling of an ordinary room at Pugs.

N. B.~The cold-stored cggs werr supplicd to many cultivators almost all of whom obtained satisfactory results.
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TABLE X.

The following experiments were undertaken to see whether it is pos-
sible and economical to rear the univoltine races by artificial hatching,
v.e., (1) by keeping the eggs in a jar of oxygen and (2) and (3) by putting
the eggs in concentrated hydrochloric and sulphuric acids and then
by washing them in fresh water.

Number !
. . uf ey ,
Ruce. (R‘;:ﬁ':{_ A(li':::l(ll:;.-{‘ Kind and duration of  tahen ‘\I;‘:':"l;‘r Date of
tion. upplied. stimulus applied. |'~':|-:-l|!il~ hntehed,  Hatehing,
‘ ment.
l P
Italian x Japanose . | 30-1-12 , 7 31-1-12 , | The eggs put in sul- 450 4 1812 to
i phurie aeid for 3 toall.2,
minutes,

Nistari femmnle x Ly v ]2, 211402, [ The epps were put 2,000 20 22llaz to
Univoltine male, v © 8 in oxygen for 24 1=kl 2
houms,

Italinn < Jupsneso . | s0-1-12 , D 2-1t-12 . In oxygen for & 1,500 [FIRT S F A to

minutes, 1-181-1,
Do. . Jbatelg2 | 812, | In oxygen for 24 2,060 84 18 to 20-11-12,
hours, .
Do. . . b ao-I-12, | 8t-I-12 . | 1n concentrated hy- 400 Nit
drochloric  ueid for
14 minutes.

Thus it is apparent that the results obtained by the use of artificial
stimuli are not at all satisfactory. Some of the worms, hatched under
artificial stimuli, matured but they produced poor cocoons.

TABLE XI.

In this Table the results of crosses between the Indigenous Multi-
voltine Races are enumerated.

T £, 553
. - 5& -"-o:
&, 28 EZX
Race g legd *©5 Date of Datoof |5%8,
. 2 5% g Oviposition, | Mounting. | . 5% g REMARK:,
T £¢ 2= £xEE
¢ EX B% HH
& “ 7 e
Nistari female x Choto-| ¥, ' Nil  All | $0-1vV-14 . | 30-V-14 . 80
polu mxla)le. ¥ ! N 16
0. A il O-VI-14 , | 7-VII-14 , 82
Do. . .| F,  ANd 2 | 10-VI-4 | 13.VII4 80
Do. . .| Fo | Nd | 28 ) 22.VILI4 | 10-IX-14 80
Do. . .| K | N@ I3 20aXeld | 2XEl 90
Do. Fy © 12 0 14 | 20.XI-14 6-11-15 .o 3
Nl:;:;!u:xﬁulc X My- | ¥, | Nud ‘ 7 20-VI-14 | 17-VIH-14 70 ’c'(';e..crﬁ.‘fm‘f belu
Do. . | Fy o N AN | 25.VIL-14 | 24-1X-14 82
Do . o B, w0 hXoy 9-X1-14 ¥
f . PR | 13 | 25-XI-14 . Tclomntln\‘n(:l is holug
. L nued.
M;l:::lrg cmale lestm-i| Fo o N DAL 26-VIIL14 | 25-1X-14 o 76 | Vide Tublo 1V.
Do. . By i 97% 1 3%  5-X-14 . .
| . The race is bolng
Do, F, | 4} J 3 27-XI-14 . . continued.
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From this Table it appears that the crosses between indigenous
races yield more silk than pure multiveltine indigenous races at least
for some generations. They can be invigorated easily by the introduc-
tion of new blood when ‘degeneration sets in in the worms. The conser-
vatism of the cultivators in Bengal against cross-breds should be taken
into consideration. The difficulties in this direction can be obviated if
multivoltine eggs instead of seed cocoons are distributed to the rearers.

We have seen that close interbreeding, if carried on for a very long
time, results in loss of vigour in the worms which .spin flimsy
cocoons whereas the advantages which follow a cross are visible from
the very beginning.

Regarding the improvement of the indigenous multivoltine races by
careful selection, we have come to the following conclusions :—

The Nistari and Mysore races yield good cocoons in July to October
and in March but these races yield poor silk in mid-winter and mid-
summer, though good cocoons are obtained from the same stock if reared
in March or April or during the Rains. The Chotopolu yields good silk
if reared in October and November. The Bulu, Chinapolu and other
races yield very poor silk and should be abandoned. Of all the indi-
genous races the Mysore race is the best as far as the yield of silk is
concerned. Another principle of successful rearing is change of seed
after taking two crops in a locality, ¢.e., importing new stock from distant
localities after harvesting one or two crops.

TABLE XII.

We have tried some experiments to see whether it is possible to rear
mulberry silkworms on trees in nets or bags of cloth, in order to protect
them from sun and rain and from their natural enemies. One branch
or two or three branches containing sufficient leaves are selected and
are tied together ; next the bag or net is slipped and drawn up until the
bottom of the net meets the ends of the branches, care being taken
that the branches conveniently fill the bag so that the air in the bag
will be allowed to have free play. About fifty worms are deposited on
one branch on the fourth or fifth day after hatching, as the newly-hatched
worms are too weak to take care of themselves, and then the mouth of
the bag is securely tied with a layer of cotton and then with a strong
cord at the point of contact with the branches so that ants may not
enter. After about twenty or twenty-five days, when the leaves have
all been eaten up,.the bag is untied and the wormg transferred to some
fresh branches having sufficient good leaves.!  The net should be re-
placed as before. The results are enumerated in the following Table.

’ ’I:his is of course & well-known method of rearing caterpillars and is commonly ealled “Slecving,”

T. B, ¥
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TABLE XII--contd.

Neria) l lr:«‘nl-n())f Date of Date of ‘Number ‘oyvl'r‘.':‘l:
Raco. O | Hatehing. pimeea] placedon’ | cotooms  Cogny | 0" REMARKS.
nets. in tree. gathered. o oihered.| gram-
. onet. . nia,
Itallan-Japanes ) | | | 10-ITE-14 @ 46 | 17-IL-14 . | 16-IV-14 . 24 | 344 .
Do. 2 60 Do Do. ! { 59-3
Do. 8 i ' s Do Do. s2 | 531
Do. 4 ' 46 Do Do. 17 | 184
Do. o ! 45 Do. Do. 20 | 364
Do. 6 . 46 Do Do. 21 260 l
Do. 7 45 Do Do. 23 250 }
Do. 8 ! ) Do Do. .| 933 | 816 lI
Do. ) | 45 Do. Da. . ' 80 | 437 !
Do. L)oo 45 Do. Do. .| 8 | 468 J‘
Do. on n Do. . Do. P24 | ses |
po. .| 12 46 Do po. .| = | soo |
Do. .| 18 | 6 Do Do. .| 28 | 344 [
Do. . 14 45 Do Do. . 38 50-0
Do. L] oas i 46 Do. - . Do. . 9 126 \
Do. . 18 46 Do Do. . 22 3)-2 |
Do. o 45 Do Do. . 38 | a6
Do. . 18 45 Do. . Do. . 21 250 1
Do. . 19 . 45 ' Do. .| Do. . 24 g2 |

Total number of cocoons 531.

Total weight of cocoons 680'4 grammes.

3

Weight of 531 fresh cocoons of same ‘‘ eclosion’’ and race reared
in house'ia 9956 grammes. The worms of this lot hatched on 10th March
1914 and matured on 9th April 1914,

We have found that the mortality in the worms reared outside on
trees from natura) enemies is about 38 per cent while that of the worms
cultivated inside from diseases i3 about 10 per cent. The average
number of double cocoons reared in nets is 4 per cent and from those
reared indoors 7 per cent. The yield of silk from the cocoons reared
inside is superior to that of those reared outside; but there is no appre-
ciable difference in Justre, strength, colour and elasticity of the raw silk
between the two lots. The moths, which emerged from the cocoons
reared outside, were stronger and more resistant to disease than the
moths reared inside, the percentage of pebrinized moths from the former
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lot being three while that from the latter was 21, so that for repro-
ductive purposes the worms cultivated outside give very satisfactory
results.

Rearing in nets was undertaken in August and October 1913 but
the majority of the worms died off as the effect of severe rain and cold.
The moths, from the few cocoons that were produced, were stronger
than those reared indoors.

Conclusions.

(1) Indigenous multivoltine mongrel races yield more silkk than
pure races but the conservatism of the cultivators against rearing these
races will have to be considered in any efforts to introduce them.

(2) Pure multivoltine eggs, obtained from the female moths which
have been fertilized by males of the same race produced from a differ-
ent locality, yield better silk and are more resistant to disease than
eggs obtained by crossing the moths of the same locality.

(3) Of all the indigenous races, the Mysore race is the best as far as
the yield of silk is concerned. Nistari should be reared in April or May,
Mysore race from July to October and univoltine races from October to
March.

(4) All races yield more silk if fed with tree mulberry leaves than
those fed with bush mulberry leaves.

(5) Imported univoltine eggs should be reared in preference to in-
digenous races ; they can be bred easily in October and February and
at any other time when the temperature varies from 65°—85° F. Itis
better to have one successful univoltine crop in Spring than to have three
or four indifferent multivoltine crops.

(6) Imported and acclimatized univoltine eggs can be made to
hatch simultaneously in three or four days if the eggs are preserved in
hill stations or in an ice factory for about four months.

(7) The percentages of diseased worms from imported eggs and
acclimatized univoltine eggs are nearly the same.

(8) For some time univoltine eggs ought to be imported every year
from foreign countries and only cold-stored eggs should be distributed
to the cultivators.

(9) The cross-breds between Boropolu and foreign univoltine races
should be reared in those places where imported foreign races do not
thrive well.

(10) The races obtained by crossing Italian and Japanese races
yield better results than pure univoltine races.

" (11) Univoltine eggs hatched by artificial stimuli do not give satis-
factory results.
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(12) Worms, reared outside on trees, 'yield less silk but are more
resistant to disease than those bred indoors. The former are admirably
suitable for reproductive purposes, but the method of rearing is very
expensive.

(13) Multivoltine egus can be prevented from hatching for about
25 days without injuring the embryos if they are kept in the cold,
but the race cannot be improved by this method.

(14) It is possible to get good eggs, which will yield superior cocoons
and which will hatch ten or twelve days after oviposition like the mul-
tivoltine ones, in all the Bunds by a cross between (1) a univoltine male,
or (2) a male of a cross between a univoltine male and multivoltine
female, or (3) a male of successive generations of this cross and a multi-
voltine female. The pairing will have to be effected in each generation
as the egys of the second generation of the cross will turn to univoltine.
The existing nurseries in Bengal will not be able to meet the demands
for eggs and the cultivators may not be able to follow the directions
enumerated to produce good egys.

(15) Our attempts to establish a fixed n w!tivoltine hybrid race which
-will not degenerate are still being continucd.

Adpvice.
1f any doubts arise, reference can always be made to the Imperiy}
Entomologist, Pusa, Bihar, for advice and information, which wilj 1,
given to inquirers as far as possible.
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The experimental error in field -trials with
sugarcane and the effect on this error of
~ various methods. of sampling. =

Introduction. : ‘
HE subject of experimental error in sampling crops has been dealt
with by Bailey !, Griffin 2, Collins 3, and Wood and Stratton *.

Mr. Leather in a recent Memoir® has produced data showing that
the probable error in - samplihg‘ sugarcane is very small when thesample
consists of about 200 canes taken in lots of three from 70 equxdlstant
points throughout. a plot.

The opportunity was recently faken at the Dacea Farm of testmg this
and several other methods of sampling sugarcane plots. Since the experi-
mental plots were triplicated, data have also been obtained which bear on the
experimental error to be allowed for in plot trials with sugarcane.

. Experimental. .
The following five varieties of cane were grown ; s Yellow Tanna, Qtrlped
Tanna, B 208, B 147, and Dacca Gandari. Each vamety was grown on

triplicate plots of {; acre éach. Thus there were 15 plots in all of a total
area of 1'h acres,

-~ The arrangement of the plots is shown in the sub]omed plan.

Yellow Taons. Stripe(i Tanna. B 208 B 147 ‘Dacca Gandari.
-1 1 L : ' I
‘B' 208 B 147 Dacea Gandari.} Yellow Tanna, | -Striped Tanha.
11 1 o no | P
—_— - - ' - ——— . - —_ e o - —
Yellow Tanna. | Striped Tanna. B 208 B 147 " Dacea Gandari,
1441 ur I 111 R § ¢ G

! Journal Ind. and Eng: Chem, 1 (1909), 161. S
? Journal Soc. Chem. Ind. XXVIIT (1909), 192, ' B
3 Proc. Univ. of Durham Phil. Soe. 1908-9, page 129, ’

* Journal Agric, Sce. 11l page 433 and also four papers published as S 1 N
Journal Bd. Agrie. Nov., 1911, P upplement No. ¥,

® Memoir Dept. of Agric. in India. Chem. Series. Vol. II1 No. IV. ’ -
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The general treatment of all the plots was uniform. They were sown
on the 5th and 6th April 1913, the previous crop having been early rice.
No irrigation was given. The whole area was manured. as follows :—

- Three hundred mds. of cowdung per acre, half on March 20th—25th
and ‘half. on May 26th—27th, and 20 mds. per acre of castor meal on the
17th and 18th June. There are some slight differences in level over the
arca and the eaxly growth was not very uniform.

Methods of sampling.

Every endeavour was made to get the work done quickly so that when
dealing. with any particular plot by various methods of sampling there would
be little change in composition of the crop throughout the duration of the
experiment, :

The sampling methods tested are described below. In this description
it is necessary to mention that each plot measured 99 feet by 44 feet and
that the rows of cane ran lengthwise through each plot. There were 11
rows in cach plot and hence the rows were 4 feet apart and each row was
99 feet long.

(a) Samples conuatmy of 60 canes taken from 50 points equally distri-

buted over a plot.

In each of seven plots a peg was put in at every 16 feet interval in each
row. The first peg in each row was always put several feet from the end of
the row. TIn this way b points were marked i cach row or in each plot,
11x5 equal to 55 points. At each point one cane was cut out. The
sample obtained in this way therefore consisted of about 50 canes taken
from points equally distributed over the whole plot. The theoretical number
of 55 canes was not always obtained since if there was a large gap at tho
point marked by the peg, no cane would be cut there.

{6) Samples consigting of 100 canes taken from 100 points equally

dutnbuted over a plot.

In each of the same seven plots after removal of the above samples pegs
werd put in-each row at 9 feet intervals. There were thus 10 pegs in each
row and therefore each plot had 11x10 equal to 110 pegsinall, One
cane, the nearest to the peg, was taken at each peg and hence samples con-
sisting of theoretically 100 canes were obtained.

(c) Samples consisting of 200 canes taken in group of three at about 70

equidistant points on eack plot. ,

After the methods of sampling (4} and () all the plots except Dacca
Gandari plot IT were sampled as follows. At every 16 feet in each row a
peg was put in. Thus 6 or 7 pegs were put in each row since cach row was
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99 feet long, Hence 66 to 77 points were marked in this way in each plot.
The nearest 3 canes to each peg weére then cut out and hence each plot
gave approximately 200 canes as a sample. :

The diagram gives an idea of the procedure in this method of samplmo'
Each x marks the point at which a peg was driven in the row and the
lines represent the rows of cane. In this actual diagram .68 points are
marked so the sample would consist of 68 x 3 equal to 204 canes.

T 1 e PR e 3
P En)
._L. . i — 3 A¥] 1
R | T N CIEETTEN ) W o e B AREEEER A R SR A IR AEEAEEEATY [
)
R ¢ ol T T = n\i}
3 .
7t ol > Mg =
'
7€ a3 * ey Y [ et '
> % 3 l}
ot > o] AT e
o
> X
e ”* T 44
o .
Y e o " (=
3 LV} 3¢ X -
el o) I [ TITT R \
A2 .
3T ST o 7 TS
e 3 3¢ »*
[ ST al 7X - = AREE-
* 5 V) .
w- (Al e £l [ ¥ N 8 Bl 18 EA 16 T e ag'

(d) Samples consisting of the cane from 1} the plot obtained by cutling
alternate rows.

After samples (a), (8) and (¢) had been taken then from each of‘ seven
plots every alternate row was cut out and collected as one sample. The
remaining alternate rows were taken as a duplicate sample.” Each of these
duplicates consisted therefore of 5} rows,

() Samples consisting of the came from lméf the plot, each sample

however being either wholly the eastern or the western half of a
plot.

After sampling as under (a), () and (¢) then from each of 5 plots all the
cane of the eastern half was taken as one sample. That from the western
half was taken as its duplicate.

It will thus be seen that methods of sampling (d) and (e) gave duplicate
samples for the plots in which they were carried out.

After sampling, the number of canes in each sample was counted. The
whole sample was then weighed and crushed. The juice was weighed and
analysed and boiled into gur. It has been mentioned above that the 50
cane sample was first taken, then the 100 cane sample and then the 200 cane
sample. Finally the § plot samples were taken. This procedure was fully

carried out only in some of the plots e.g., B. 147, Plots I, 11, and IIT and
Dacea Gandari Plots I and II1.
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- In other cases ‘the 100 and 50 cane symples were not taken. Further }
plot samples were not always taken but after the small samples had been
taken the rest of the plot was cut as a whole. Inthe case of Dacca

. Gandari, plot I, no sub-samples were taken but the plot cut as a whole.

Reference to the tables (pages 5 to 18) will show clearly the various
samples taken from each plot.

In the juice the following determinations were made, specitic gravity,
reducing sugar, and cane sugar by double polarisation, before and after
inversion. From these and the foregoing figures one could then calculate
the following data :—

1. Total number of canes per plot.

2. Total weight of cane per plot.

3. Average weight of cach cane,

4. Total weight of juice per plot.

6. Percentage of juice to cane on whole plot.

6. Sucrose in juice of whole plot gms. per 100 gms,

7. Reducing sugar in juice of whole plot gms. per 100 gms.
8. Total sugar in juice of whole plot gms. per 100 gms.

Thus we know for each plot all the above data and we are therefore in a
position to see clearly the errors involved in the various methods of sampling.

In the aceompanying tables all the data obtained are set out.

Since there were triplicate plots of cach variety, we shall further have
data bearing on the effect of  Soil ** factors on the variation and hence of
the experimental. error involved between various plots on field trials with
sugarcane on the Dacca Farm. '

IHE EXPERIMENTAL ERROR IN FIELD TRIALS WITH SUGARCANE )
.Table I.
'Aven _l
ge Redue-
No ’.l;pt‘ll: } wcifght Total ter cfent! G Bucrose ing ;fl‘;:'rl
- 3 wei ! .0 Sp. Gr, .
Date, Size of somple. of of | cach wo?g?nt ju(i,oe “ ot pgrmlg)o s;g: gms.
. cancs. | canes. i cane. |of juice.| to | juice, | gms, | per 100 per 100
cana, juice, | gms. | EMS.
Ibs, \ 1bs, | Ibs, juige, | Juice
— -— 3
= N e |
( | |
| ]
Yellow Tanng Plot I. {
Whole plot PR 1,287 ‘S,MG’W 2408 }2,17°85 | 70'34 ) 13-65 238 1683
: i
February 18t .|} plot (W, Half) . 507 ;1,314'42 2592 | 9650 | 7344 1 1080 | 1368 1 1623
| | -
‘ ‘ | ;
Do, (K. Half) 660 . 1,20120) 2144 } 8120 | 6763 1072 242 223 | 1652
Jauuary 3Uth | 200 cano gample . 220 | 531-25‘ 2642 ' 4016 | 6908 “ 10700 1389 | 227 16°18
|
‘ i
. Yellow Tanna Plot II. |
| |
. . t
Wholo plet e 1,606 361272 2300 [ 2,8710 ) 7947 ' 14°65 228 1g'91
|
Feb.vary 2ud o | § plot (W, Half) . 660 , 1,488°09 2-27011,337-0 8925 1076 | 480 | 217 | 1696
: N : [
: ; ! B .
Po. (E,Half) . . 820 | 1471'88 2375 |1,1002 | 7478 | 1072 | 1479 97 1716
. ; hd .
Jauuary 3uth . | 200 cape sample. . 228 | 84325 2847 ' 4387 ens‘ 1072 | 1452 220 1881
Yellow Tanna Plot I11.
Whole plot . 1,071 ' 2,362:40| 2197 ll,m's | 6808 1428 | 209 1638
Februaiy 2nd o § plot (W. Half) . . 350 | 702'48| 2007 467-5; 6665 | 1072 | 1472| 172 1644
Do. (E.Half) . . 510 1,18444| 2224 | p402 [ 6528 | lo7e| 1415| 22| 1641
N ; ’ “r
January 30th . | 200 cane pample . 211 | 61580 2443 | sae7 | er2r | 1001 | 402! 224| 1626
L




THE EXPERIMENTAL ERROR IN FIELD TRIALS WITH SUGARCANE

Table 1I.
Aversge : | \llodue-
“Total wc‘uzht‘ Total Porcont Sucrose | ing 3::’:::
. No. wul,hl of  welght | of  8p.Gr.| gma. | suRar | g
Date. Slze of samply. of o eaal of juice. julee + of |per100| gmS: | .gr100
) cAUGS, | CaDes | cang. | to | juice. ms. | per 100
; ' oaue. uloo, ms, m-
Tba s, | b | ulvo,
o |
Striped Tauna Plot 1. ’
) \ ‘ ‘
Whole plot o 11,295 |a015-48 2300 60| 7378 .. | 130 28| 1878
Fobruary 8rd .| § plotalt. vows eample No. 1 . 460 l.llb'ul 28771 81000 | 6334 1'008\ 1315 |- 303 1698
Dd¢. sample No. I1 . . . 860 (1,007°04f 1043} 0115 | 8380 | 1003| 1301 2:82 15°68
‘ January 9lst , | 300 cane sample . e . 216! 042501 9083 | 4397 | 0090 | 1007 | 1378 | 289 1560
Striped Tanna Plot I1.
Whole plot L. . | 18% |sssaan 2029 3,0422( 6905 | 1268 | 32 | 1504
[ ‘ l
.l"cbrunry 4th .| 4 plot alt. rows sample No. 1 . 590 [ 1,70097) 3897 1,2738 | 7450 | 1008 | 1208 929 1581
!
Do. smimple No. 11 | 630 |1,485'15| 2808 830 | 6908 | 1008’ 1279 | 90| 1608
[
. . - .l
Janaary Slet . | 200 cane ssmpls .« o 0| esvzsl suse . 4837 | 7000 | 10e6( 1361 | zes| 106
Striped Tanna Plot 111.
Whole plot . 1,331 |3,227°01 2853 | 3,210 owl0 |, 1206 | 990 | 1868
February 4th .| § plot alt. rows sample No, I . 430 | 1,203°34] 2800 8242 6950 1067 12:90 381 wn
. oo N ! L
“w 5th Do, sample No, 11 , N . 500 | 1 350-42] 2701 | 0377 ! 8u4d | 1088 ! 12:85 309 15"“
: | |
Jsuuary 30k . | 200 cane sample . . 201 | 67323 8350 ‘70.0( 608l | 1008 ' 1a47 30! 188
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Table IIIL
. ! Average \ Redue-
Total wqiglxgt Per cent| Sucrose | ing E\?;:Ir
No. |weight| ‘of Total | . of  |Sp.Gr,| gms. | sugar ‘gms
Date. size of sample. .of, | . of .| .each | weight| juico of per 100 | gms. per 100
. . canes, | canes, | cane, lof juice.| to julce. | gms, | per 100 "B
. cane, juice. | gms, Jnicé
Ibs, 1bs. | .lbs, Juice, =
! I ]
' B 308 Plot I.
Whole plot . . . . +| 1,082 11,164'42) 1067 l 761'7 | 6599 . 17'90 1:00 1890
Fobraary Bth . |§ plot alt, rows sample No. 1 .| 340 | 46048 1825 1 2046 | 6EY7 | 1082 | 1747 | 008 | 1845
Do.  do. ' do. Noslt 561 | 41294 0763 2700 | o539 | 1083 | 1828 | 102 31928
1
Januory 3is$ . | 200 Cuno sample . . . 201 | 201°00) 1'898 © 107°2 | 6778 ) 1083 1804 102 10:06
B 208 Plot II.
|
Wholeplot « o+ o - 1,076 | 1,130°82 1051 |« 704’5 6233 | ... | 1928 | 080| 2008
Pebruary 6th . | Whole plot less sample . 760 | 794'00{ 1046 | 481:6| 6064 | 1080 | 1992, 081 2013
s00cancsample .+ « o 180| 17896 0004 | 1185 | €626 | 1086 | 19ea| 05| 2007
, 6th.|100 canceample + . . 90 | 11211) 1246 | 740| 6601 | 1084 1g99| 085| 1084
50came sample .« - . o« 43 45°25) 1'006 816} 67740 1'080'| ID32 067 | 1098
B 208 Plat 111.
Whole plot . . 1,047 | 1,516°75) 1,267 8787 6679 1869 080 19'49
February 6th . | Whole plot leeg sample . . 7201 86000 1193 | B66°6 | 66°83 | 1084 | "18'54.] 0’83 1987
200canesample » o o o| 170 23075 1887 | o623 | e728| 1086 | 1004| o065 | 1o
100 cane sample . PO . 100 15300 1°680 10.2'5 87'00_ 1038 19'10 081 19'91
60cane sample . - . ‘. N : ’7 T73°00) 1281 66'6 7603 1088 | 1816 083 15808
1
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Table IV.
[}
‘ 'Average ! Total
Total weight | Total Por cent .8ucrose | Reduc-| Bugar
No.  weight o? weight ol |Bp. Gr.| gme. ing gng,
Date, Bize of sample, of | or © ench o Julce of | per 100 | sugar | per 100
canes. canes, . cane, | juice, { to Juice, | gme, zMmS. gms,
: : | | oape. Juice. | jufee, | Juice.
- 1be, | 1be. iba, 1
U SN NS SR RN B e
i
‘\ B 147 Plot I
Whole plot . e . 1436 2,68100 1809 | 1,463°8 | 54°63 1667 160 um'_‘
i ‘
tbruary 8th . | § plot alt. rows ssmple No, I 502 ' 83300 1807 | 9890 | 3831} {017 1664 '8 [l T
| ! .
i
Do. sample No, JI 562 (100850 1708 | ue1p| 6778 | 1o, 1674 | ves| 1832
200 cane samplo . a7 | e3700 30| 3o es| 1o 1ee0| 1eo| 189
100 cane samwple . . 107 | %0000 1,869 | 1380 | 6800 | 1079 1688 1'71 18'26
1
50 canc sample . 80 104'50‘ zoo0! 7¥o | 7081 1o’ 189 n 1802 -
1
B 147 Plot 11.
Whols plot .. ‘ . "987 {13950 1773 9917 | 7109 , 1en 133 1834
: i
¢bruary 7th . | § plot alt, roms sample No. { 200 | 47000 1620 ) 347°6) 743 1079 - 17O lse| e
Do. sample No. I1 210 3700 17700 | 24852 | 6870 | 1o77 1807 138 18'30
200 cane sample . . 167 | 34025 2038 8332 | 6014 | 1070 1820 131 1801
100 cane sample .. 71| 12025 182 | o945 | 311 | 1oye 162" 1l¢) - 1808
|
B0 cane snmplo .. . . 7y 98'50. 2010 692 20'80 1099 ' 1887 139 18:36
1
|
B 147 Plot 111, .
Whole plot PO 1,606 13,117°00] 1838 2,l447 6381 | .., [ s | 107 17700
sbroary 10th . | § plot alt, rows sample No, 1 630 (1,167-75| 1'853 8380 ' 7176 | 1078 ‘ 18'80 195 1796
. ; ),
Do. sample No. I1 710 |1'16550| 1637 7855 @787 | 1077 ! 1588 | 199 ; 17'87
200 cane sample .o 208 | 48273 2321 3817 7286 ! 1orz | 1878 | L8 774
100 cane sample o e 98 | 19150 1954 1377 7193 . 1077 | 1567 [ 20] 1767
50 cane sample .. 50| 11280 2260 E) R " ¥ 1~o7ol! 16°33 1189 | 1818
[}
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Table V.
Total |Average l Reduc-
welght | weight | Total |5 . o4 Sucrose | ing ;I'uota}'
Size of Lo, | No.of | of | of onch | weight 'S5 KO Sp. Gr.jgms, rer| sugar Kmeg‘ or
Date. - iz of 8AWPIC. | oyp0c, | onnes. | cane, [of juice. tolotne of juice.100 gms, gms. per K®: PO
g Juice. {100 gms. 'uigce '
lbs, | Ibs, 1bs. juice, | IMCO
’ Dacca Gandaré Plot I. “
Whale plot 1,704 | 1,653'60| 0932 [1,147°0 | 6937 1475 | 289 1714
' . 1. |
February 11th . | 4 plot West & 780 | “676'00| 0867 | 4695 | 6945 ‘ 1075 | 1470 244 | 17'14
$plot Bast § . 62 | 67300 0932 | 3995 6yla 1078 | 1464 | 2:3p| 1703
300 canes . 328 | 22725 0997 | 1672 6919 1078 | 1514 | z2e| 1738
100 canes . 10| 12| 1on 773 | 6944 1077 | 1471 247| 1718
50 canes . 66 |. 6100/ 1089 435 | 7131 L 1077 | 1497 | 22| 1723
Dacea Gandari Plot 11 “ . .
February 11th . | Whoie plot .| 71,280 [ 1,26475 (088 l 8392 | 6636, 1079 | 1580 |  zzs | 1818
’ Dacca Gandayi Plot IIT. \ o
Whote' plot 1,302 1,533'25l 1178 (1,0045 7188 1384 ‘252 | 1636
|
Fobruary 11th .| dplotWest § .| = 440 | 59800, 1360 l-~430~5 7200 | 1072 | 1984 |* 248 | %1632
tplot Enst .| 470 | 46500 0’048 |" 315 | 7022 | 1072 | 1351 | 268 | 1617
. February 12th . | 200 canes 2101 256:35] 1220 | 1842 | 71'00 “ 1073 | 1407 | 245 | 1663
: 1:0 otnes ~ 180 | 16360 17180 |- 2002 | 7117 | 1074 | 1404 |- 254 | 1668
50 cwnes . 521 70°60| 1356 |- 510 | 7234, TO76| 1470 | 207! 1677
I
Discussion of the results obtained.

The tables are solf explanatory. Th“éy are somdesigned as to set out all
l)artiCUIa'rs of the various samples taken. In every case from these figures
the corresponding figures have been calculated for the whole crop and are
set, out in the tables. We can thus compare each of our samples with the
figures for the whole plot and thus see at a glance the error involved in
each of the methods of sampling. The only errors occwiring in these cal-
culated figures for the whole plot are : —

(1) Those due to the error of chemical analysis including specific
gravity determination. In work of this nature these may be taken

as inappreciable.

) Errors in weighment of cane and juice. Since all weighments
were taken to within } lb. this source of error is also inappreciable, as
most of the weighments taken ran into hundreds of pounds.

Sugar percentage.

)

In the accompanying table are set out the amounts in gms. sugar per
100 gms. juice by which each sample differed from the actual amount of
sugar calculated to be present in the juice of each whole plot.
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€0 canes.
Yellow Tonma , . . Plot I
11. .
.
Striped Tanpa . . 1.
11
I, -
B28 .+ o+ . . L
1I, +0'04
111, —0'54
Bl147 . . L —0%
IL. =005
111, +0°30
Dacea Gandari . L +022
11.
1. +0'86

100 canes.

-0%
+0'41
-0'12

~-018
=004

+020

THE EXPERIMENTAL ERROR IN FIELD TRIALS WITH SUGARCANE 11
Tab VL
Departure from actual value of whole p in gms. sugar per 100 gms. juice.
SUCROSE. REDUCING SUGAR. TOTAL SUGAR,
S1zx or RAMPLE, SIZE OF BAMPLE. SizE OF BAMPLE,
t plot alt. 3 plot nlt.‘ t plot alt, t plot alt.] 1 plot alt
200 canen, | § plot k. t plot W, rows 50 100 200 |3 blot K. 1 plot rows TOWB ol 100 200 | } plot | § plot T I rows
Sample I. canes, | canes, | caues. o k. Samplo 1. 'Samplo 11| €899. | oanes. | cancs, E 3« Sam;‘iz;sl. Sample 11,
- N [ S, R S P
~0°08 +034 —oy -on | =016 | 017 —-017 | +0'10 | —0'10
-018 +0'14 -008 . 4003 | 4011 | —g09 4010 | +025 | —015
-0 -0 +0'4 " W | #0156 | 4017 | —087 " -012 | +0°03 | +0°06
-0'24 v . 4018 4000 | .. " 400 | —081| . —016 | . . 5038 | —022
—013 . -000 . . -022| . +0'09 | +008 085 | .. -003 | +0°24
~019 +0'%4 . o | 010 w -018| 4010 —0'09 4006 | +001
+0°14 w “ -0a8 o | w002 -003| +002 +0°16 —045 | +038
+0:04 " +0'04® 018 | +0°08 | —0°05 +0°01* -000 | —024.| —001 | ... +0°05%
+04s —0se +oos | 4001 | —018 +0:03% —o8l| +04a | +030 —01g0
+0°02 ekl .
. -003 4011 | +0°11 -0'08 -~002 | —025 | =001 +0‘92 vee -0'08 +0'05
-02
- tou +007 | ~018 | =001 +008 | 4001 | +003 | —016.| —028 | .. +0'15| 4006
=003 —0'14 | +0°08 | —001 -008| 4002 +038| —¢18 | —006 . —005| +007
o3 -on -0 —018 | +008] —018 | .. | 4008 4009 | 4004 | +02 | —011
+03 —03 045 | 4008 | —008| 4014 | —008| .. w  Ta0al | 4088 | 4017 | —010| —0'04 .

* Whole plot less other samples,
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A suflicient number of samples has not been taken to enable me to
calculate the probable error involved in sampling by each method but the
next table gives the maximum plus or minus departures from the real
value in the case of each method of sampling.

Table VIIL

Myuzximum plus and minus departure from actual value.

THE EXPERIMENTAL ERROR IN FIELD TRIALS WITH SUGARCANE 13

“Juice extraction.
We may now turn to the errors in the figures for juice extractlon as
effected by various sampling methods.

Table IX.

Juice extraction: Departure from actual dalue of whole plot.

These errors aré get; out in the follow{no' table whieh has been compﬂed

from tables Ito V.

Bize of sample.

Sucrose,
gms. per 100 gms,

juice,

50 éﬁnes . .
100 canes ...
200 canes R .

Half plot E. .
Half plot W. .

Do. alternate rows sample No. 1 .,

Do, do.”

..

' sami)le No. 11

=029 to + 041

o —027 to+045 :

=033 to+ 034
—~027 to+043
—0:43 t63 024
—011 to+0:36

—(r54 to+ 086 '

Ro«]u( "ing sugar,
gml per 160 gins. |
Jjuice.

¢

]

—045 to +0'11 |
-010 to + 011 \‘
—0:22 104016 |
~015 to+ 0117
- 087 to 4017

" —018 to + 020"
~0'21 t0 +0'10

'l'otnl sygar, gms.

per 100 g,
juice.

=001 to+ 0 41
~024 to +042
—~035 to + '0-30
—018 to+ 0'25
—015 to +0°08
=045 to 1 039

-022t04088 |

It is obvioxls from the table

canes one is liable to very considerable errors,

The next table gives the mean minus and the mean pins departures from, -
the actual for each method of sampling.

i

that when the sample consists of only 00 ‘

We again see that the sample

consisting of only 50 canes gives the largest error but there is not much to
choose between the other methods of sampling,

Table VIII.

Mean winus and plus departures from actual gms. sngar per 100 gms. gutee.

Bize of samplo.

59 canes .
100 canes .
200 canes .
Half plot B .
Half plot W,

Half plot alternate rows sample No I.

Do. sample No. II .

| —032+4040
~0'12+020

1 Sucrose. ’
|

. - 0164021 ,’
+ o] T019+0%
-009+021 |
~0144018 i

{ —-0'06+013 |
|

Reducing sugar. Total sugar.
~021 + 007 - 028 +022
-0'16 + 0-05 —0134+017
=008 + 006 ~0144018
—007 +0'10 —015+018
-017+011 - 007 + 003
— 0064011 -0i5+018
—011 4009 -0'11+016

" Size of sample.

Yellow Tanna—

Plot I . .
CPlotIl

Plot 111
Striped Tanna—

Plot I .

Plot II

Plot 111 .
B 208—

Pltl. .

PlotII .

Plot IIT .
B 147—

Plo}l .-

Tlot 11 .
Plot 11T .

Dacea Gabdari—"

I;lotI . .
Plot 111 .

.1 +507
+924

+16:28

L=079
-40:59

-~194
.| +096

" 100

canes,

+868
+021

+14°47

+2:02

¢ 4312

021

+0-07 1

200 F| 4 plot
canes.; E.
-126| -271

~1204| —4B9

+1198 ) -083
- 688

+095-

+071-

+1'79_

+391 .

+049

-6'26

=195 vee

+4°05-

-018 —-0',25

+062 ! =116

3 plot | 3 plot | % plot
W.. | alternate alternate
TOWS - | YOWS
Sample | Sample
1 iI.
1
|
+ 310
+978 L
+047 :
~544 | + 1002
+ 548 L -~939
—0-60 \ +0:34
- 0 62 | —-060
-1 69*
—0'96* e
~16-22| +1325
+274 ] —239
+295 ) —-124
+00B ) L.
+062

* . % Whole plot less other samples,
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An inspection of the table shows that wlien the sample consists of only 60
canes one is liable to an extremely Jarge error in tho figure for juice extrac-
tion. There is not much difference in the error introduced in the other
methods of sampling though in the half plot samples, the alternate row
system does not seem to give such good results as the division into two
compact halves, which was unexpected. . B o

Mr. Leather has however suggested to me the following means of
comparing the half plot systems of sampling. - In' each case there are
duplicates, that is, the one half is supposed to be equal to the other half.
In the casc of the East and West plots there might be a systematic
difference due to soil, but the data show that such differonce did not occur.
In such ecases of duplicate damples it is best to compare the differences
between each paif, 'These bave been taken out from Tables I to V and
they are as follows : — |

! Table X.
Differences between duplicates.

I Juice.

' o Weltgbb : : :
—_— Variety and plot. o Sucrose. | Glucose.
cdne. . } Per cent,
East and West half | Yellow Tanna— i |
plot samples, ‘ : i
PlotT . . . .1 0448 081 33 b8l
Plot II . . ST 0108 020 020 ' 1447

Plot III . . . 0217 087 0564 130
Dacea Gandari— ’
Plot 1 . . . .| 0065 006 05 | 033
Plot III . . . .] 0412 | 033 018 | 178

‘ 1247 | 197 | 129 . 2349
Meaun . s e 0249 035 026 | 474

e " i
Alternate row sam- | Striped Tannam ,
. ples.

! : ‘ :
Plot 1 . . . .1 0885 014 041 1548
Plot 11 . . . .| 0095 021 008 1484
Plot III . . . .| 0099 035 028 |~ 094
B 208— , |
Plot I . . .1 0662 | 079 ‘004 002
B147— . -
Plot'1 . . . .1 0071 010 001 2937
Plot IT . . .| 0:079 Y08 003 .| 518
Plot IIT ., . . .| 0216 E)'OS 004 419
: 1767 173 087 70056 °
- Mean - e _ |-0%81 | 0% | 012 | 1010

" Flom'the miean’ differerice under each hiead oné can form a-good opinion
of the relative merits of each system of ssmpling. Judged by the weight
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of cane the methods are equally good ; the sucrose and glucose tests would
show the ¢ alternate row > method to be the better, whilst the juice
percentage would show the East and West method to be the better. The
latter result is however largely due to the data from B 147 plot I which
gave 3831 per cent. against 67°78 per cent. juice in duplicate samples.
'This difference shows that there was some unusual cause operative,

Weight of individual canes. .
In the table below are set out the minus or plus departure from the actual
value in lbs. of the weight of the individual canes as derived by the
various methods of sampling.

Table XI.
Weight of individual canes. Departures from actual value for whole
plot in Ibs.
SI1ZE OF SAMPLE.
$ plot % plot
I 100 200 alternate| alternate
50 canes. j plot E.|§ plot W.| rows rows
canes, | canes. Sample | Sample
No. I. | No. II.
Yellow Tanna—
Plot I . . . +0236 | —0262 | +0°186 e
Plot IT . . . ree +0°448 | -0°024 | ~0'129 er
Plot I11 . . +0:246 | +0027 | —0:190 .
Striped Tanna—
PlotI . . . +0-628 +0217 | ~0418
PlotII . . .| . o | 40364 | L. . |=0028 | —0118
Plot 111 . : + 0497 e —0058 | -0:152
B 208—
Plot I . f . +0-331 vee v + 0258 | =0'304
Plot IT . . o | —0'046 | + 0195 | = 0057 ~Q-006 *
Plot I1I. . 40024 | +0273 | +0°100 —0-064 *
B 147—
Plot I . . .| +0221 + 0145 —0002 | —=0-073
Plot 1I . . .| +0237 [ + 0047 | +0265 —01562 | —0:073
Plot I1I . .| +0412 | +0°116 | 40483 +0016 | —0-201
Dacca Gandari—
PlotI . .| +01687 | +0-089 | +0:078 | +0010 | ~0055 oo
Plot 111 . .1 +0178 | +0:002 | +0042 | -0230 | +0'182

* Whole plot less other samples,

The most noticeable point about this table is the fact that the small
samples even up to 200 canes give almost constantly high results for the
weight of the individual cane.
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Effect of soil factors on variation.

It will be remembered that each of the five varieties was grown on
triplicate plots which were uniformly distributed over the whole experi=
mental area (see diagram on p. 3).

Any variation between the same variety gown on those triplicate plots
may be considered due to soil factors.

In the table below, the figures for sucrose, reducing sugar and
total sugar in gms. per 100 gms. juice are collected together for all
the plots :—

S ' Reducing Total
I— BOFONG. ,  gugar. sugnr.
‘ |
Yellow Tanna— :
... 1s0s 238 16-33
gg: }I oot DL s D 226 1691
oyt Tt S S U B 16°38
l
Striped Tanna— |
1302 | 278 1695
ot 1264 . 820 1584
Plot 111 1206 299 1565
B 208— |
P LR 100 1590
e L 080 | 2008
Pt Il o o . e ... 1809 050 19-49
B 147—

A SO B V-1 160 1837
Pale © . LT Lol 1e02 . 182 18:24
Plot IIT . o . . . . o] 1683 197 1780

Dacea Gandari—
PlotT . . .« . e e | -2:39 1714
PlotIl  + . . . . . . .| 1b%9 224 1813
Plt 1L + .« -+ .« . . .l 1384 253 -| 1636
! |

The variation in composition of the same variety of cane sown on
neighbouring plots is therefore very considerable. The variation is much
greater than any error which has been introduced by any of the methods of
sampling 1 have tested in the experiments,

Data such as these are of importance in that they give an idea of the
magnitude of the experimental error which must be allowed for in field
trials on a series of sugarcane plots.
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In the case of Yellow Tanna the variation between the plots in the
case of sucrose amounts to 0°70 gms. per 100 gms. juice and in the case of
total sugar 0-68 gms. per 100 gms. juice, about b and 3'5 per cent. respec-
tively. With Striped Tanna the sucrose variation is 0'38 and the total
sugar 0'19 gms. per 100 gms. juice or about 81 and 12 per cent.
respectively.

In B 208 we meet with greater variation, for the sucrose variation is
1-38 and the total sugar 1-18 gms. per 100 gms. juice or 7 and 6 per cent.
respectively.

B 147 shows a variation in sucrose of 109 and of total sugar 0'47
gms, per 100 gms. juice, percentages of 7 and 24 respectively.

Finally Dacca Gandari shows a variation in sucrose of 205 and of
total sugar 1'77 gms, per 100 gms. juice or percentages of 14 and 10
respectively. :

These results show that a very large experimental error has to be
allowed for in field trials over a series of sugarcane plots.

If one, moreover, turns to the total weight of cane obtained on the plots
one sees an enormous Variation among the triplicate plots. In B 147 for
instance plot I1I gave 8,117 lbs. of cane against 1,395 lbs. in plot II. In
the Striped Tanna variety, plot I gave 2,915 lbs. of cane as compared with
3,884 1bs. on plot II.

Hence on the Dacca Farm with such enormous differences between
triplicate plots considerable error must be expected in any plot experiments
with sugar cane.

At the same time in these experiments if the varieties grown were

judged by any of the plots for sugar percentage in juice the order of merit
would be—

B 208.
B 147.
Dacca Gandari or Yellow Tanna.

Striped Tanna.
There would thus be a doubt between Dacca Gandari and Yellow

“Tanna.

It must here be remarked that the laterite soil of the Dacca Farm shows
great lack of uniformity over quite small areas. '

Conclusions.
1. The results of these experiments confirm those of Mr. Leather in

that in sampling a field of sugarcane the following method gives very
accurate results. The sample should consist of about 200 canes taken in
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groups of three from about 70 places throughout the area. These 70 places
should be accurately measured out and the three canes nearest to the
measured points be taken, provided such canes are canes which would
normally be taken by the cultivator for juice extraction.

2. No increase in accuracy seems to be obtained by taking half plot
samples,

3. In these experiments the 100 canes’’ samples seem to have
given as good results as any other method of sampling, but samples
consisting of only 50 canes are much less reliable.

4. Data have been obtained bearing on the experimental error which
must be allowed for in field experiments with sugarcane in a series of
plots. The results naturally only strictly apply to experiments on the
laterite soil of which the Dacca Farm soil is & type. This soil shows much
more than the usual lack of uniformity.
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THE IMPROVEMENT OF TOBACCO
CULTIVATION IN BIHAR.

1. Introduction.

HE importance of rapid, uniform growth in the case of tobacco in
Bihar cannot be overestimated. The crop is transplanted on
the %atkia rains, about the end of September, and has to reach its maxi-
mum development by the middle of December, when the weather ordi-
narily becomes too cold for further growth. The ripening process is
completed by the end of January and curing is carried through before
the advent of the hot, dry west winds in March. The growth of the
crop has to be completed in two months—from the middle of October,
when the young plants are established, till the middle of December
when growth is checked by the cold. Any late set out plants, which
miss this period of growth, are always behind the rest and invariably
give a diminished yield. Further, their presence renders the product
un-uniform and the fields cannot be cut and cured at one time. While
everything points to the necessity of establishing the transplanted
seedlings at the end of September, and of raising a uniform crop so as
to take the fullest advantage of the warm weathev of October and Nov-
ember, it is nevertheless true that a regular field of tobacco in Bihar is
the exception rather than the rule. This want of uniformity arises, partly
from the defective methods of raising and transplanting the seedlings
and partly from the mixing of varieties. In these matters, the local
agriculture is particularly defective.

In the course of the work on tobacco breeding at Pusa, it became
necessary to discover a method of growing even cultures of this crop
and to eliminate, as far as possible, all want of uniformity in growth
due to irregularities of soil and methods of planting. In this work, the
defects in the local practice had to be overcome and the labour em-
ployed had to be taught improved methods. Some of these improve-
ments are so simple and so inexpensive that they can easily be adopted
on indigo estates and also by the ryots themselves. Others, on the
other hand, are too elaborate for general use and are of importance only
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in plant-breeding work at an experiment station. In the present paper,
attention has been drawn mainly to those improvements, which can at
once be adopted on the large scale in Bihar. The details relating to
experiment station work are dealt with in the footnotes in smaller type.
A satudy of the various efforts, which have heen made in the past
to improve the production of Indian tobacco, brings out one great defect
which applies to almost all the schemes on record. In nearly every c1se,
attempts have been made to improve the curing of tobacco. and for this
purpose curers have several times been imported from America. In other
cases, the schemes have been still more ambitious and have uttemp.ted
the production of bright yellow tobacco by some method of flue-curing
or of wrapper leaves for cigars. These two‘lntter prt?ducts-.-ﬂue-oured
tobacco and cigar wrappers—represent the highest point which tobacco
production has hitherto reached in any region and th'e a?tempt to pro-
duce them brings India into competition with countries like the thed
States where great energy, enterprize and abundant capital ure d:rectefl
by men possessing an intimate knowledge of the plant and of the. mani-
fold needs of the trade. Further, in America, the tobacco trade is well
organized in every direction, well known grades for ull sorts of produce
have been established and 8 market oxists for dealing wn?h the product.
Importing countries, Jike Great Britain, can be ce?'ta.m of Obtain_»i?g
regularly the raw material for their tobacco factories in large quantitjes
and of standard grade. In India, on the other hand_ the tobac;co trade
is quite different. The growers are often relatively poor men wnth. small
capital and of limited outlook, The trade, for the most part, is con-
cerned with the primitive needs of India, and, except for the production
of cheroots in parts of Madrag and Burma, the mass of the tobacco
grown is consumed in India by the people themselves. There are
hardly any Indien agencies at present which could handle expensively
cured tobacco and ensure regular supplies, true to grade, for importing
countries like Great Britain. A little consideration must show that the
older Indian schemes of tobacco improvement have been toco ambitious
and have not taken into consideration the present conditions of produc-
tion and distribution. Further, until the ryot can show that he can
grow uniform crops of those varieties, most suited for the vario.us
grades required by the trade, it is doubtful whether it is worth while
spending time and money on expensive curing methods. It is 8
sounder policy to begin at the other end and to improve the methods
of growing tobacco and so obtain a higher yield of uniform produce.
This is the first step in the work and the foundation for future improve-
ments Wwhich will be possible only when the trade becomes better
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organized and when buying agencies are set up which ean deal with
an improved product. Some of the cigarette-manufacturing com-
panies now established in India, such as the Peninsular Tobacco Com-
pany at Monghyr and those corporations associated with this undertak-
ing, might easily extend their operations and buy up Indian leaf for
export. The possibility of progress in the Indian tobacco trade is
increasing and a step in advance can be made provided the ryot can
be shown how to improve his practice and grow a product worth curing
for the export trade. Much, however, can be done immediately by
showing the Indian grower how to increase the yield of his present crop
and how to ensure it in unfavourable years. This is the first obstacle
to be overcome in the long and difficult road which must be raversed
before the tobacco trade in India can think of entering the .European
market.
2. The Raising of the Seedlings.

In all countries where tobacco cultivation has developed beyond the
primitive condition, the greatest care is taken in the preparation and
management of the seed-beds. This care is necessary on account of the
small size of the seed and the fact that the amount of reserve material
in-the embryo is very small. From a very early stage, the young tobacco
plant has to lead an indcpendent existence and is compelled to make its
own food just asin the case of mature plants.! From this it follows
that several conditions are esseutial if the seedlings are to thrive and
grow rapidly in the seed-bed stage. These are :—

(a) Large, heavy seeds which contain the maximum amount of
reserve material possible.

(6) Well manured seed-beds in sucha condition that an abun-
dant supply of mineral food materials is immediately
available for the seedlings.

(¢) An adequate supply of moisture for the young plants. This
condition is best realized by adding materially to the
orgauic matter in the soil and so increasing its water-
holding capacity.

(4) Well aerated soil so that there is a full supply of oxygen for
the germinating seeds and developing roots.

(¢) Efficient drainage.—This can best be obitained by raising the
seed-beds and providing sballow trenches between the
beds to carry off the surplus rain water, »

1 Thig exp'lainsAwby the growth of the tobacco seedlings is so slow at first, At this

stage, growth is naturally limited by the rate at which the siall seedlings can manyfactyre
food. i
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These ideal conditions for the tobacco seedlings cannot he realized
without adequate and timely preparation. A high-lying piece of land
must be selected well above the flood level and so situated that surface
drainage is easy. It should be well broken up during the precedling hot
weather and afterwards cultivated and kept free from weceds. At the
beginning of the monsoon, a large quantity of well rotted organic matter,
such as old indigo seetk or leaf mould, should be added to the soil and
afterwards well-mixed. If, in addition, rap: or castor-cake is available,
the future seed-beds should receive a good dressing of these substances
during the early rains. By these means, a rich garden carth is obtained
and there is ample time for the manure to decay and get thoroughly
incorporated with the soil before the seed is sown during the first half
of August.

Before sowing, the land sbould be well and deeply cultivated and then
thrown up into beds, slightly raised towards the centre, separated by
trenches about two feet wide and four inches deep. The trenches
drain the seed beds and also serve as paths for subsequent weeding
and thinning. The breadth of the beds should be about four to five
feet as this digtance allows the whole surface to be reached from the
side without treading on the bed itself. The seed should be mixed witl
well sifted wood ashes and the mixture should be evenly distributed over
the bed. The surface is then slightly raked over to cover the seed and
the whole compressed with the Zurpi, the soil heing afterwards
roughened with the hands. Care should be taken not tobury the seeds
too deeply as all such seeds do not germinate until they are subsequently
brought up to the surface. The seed rate should be adjusted so that a good
even stand of plants is obtained without the labour of excessive thinning
afterwards. When the second pair of leaves is developed, the surface of
the seed bed should be lightly broken with a pointed bamboo peg, about
the size of a lead pencil, and, as the plants increase in size, a little fresh
earth from an unsown seed bed should be sprinkled on the surface from
time to time. 'The addition of this fresh earth to the surface of the bed
is very important and serves to replace any soil lost by rain wash and
also supports and strengthens the young plants, particularly if the seed
beds have to be watered. Two thinnings are usually required, and, after
the second one, the plants should stand about two inches apart. Weeds
of course should be removed from time to time but the real seerct of rais-
ing good tobacco sexdlings is to keep the surface crust (paprs) broken, to
add new earth as the plants grow, particularly if the bedsare washed by
heavy rain, and to keep them properly spaced. In this way strong,
stocky plants are obtained which are able to stand the shock of
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transplanting with not more ‘than two per-.cent. of casualties. The im-
portance of raising wstrong, healthy and well spaced plants can hardly be
overestimated. From such plants; a far better crop is raised and there
are far fewer deaths than when crowded, drawn and weakly plants are
used for establishing the crop. S '

The strength of the seedlings can be -increased if the seed-beds are
partially sterilized by heat before the tobacco seed is sown. The best
results al Pusa so far haye been obtained by heating the upper three
inches of the soilin an iron pan, the fire being laid underneath the pan.
In this way about six inches of the surfice soil is heated. = The result-
ing seedlings grow much faster than those on unheated beds and also
faster than those grown on beds which have been heated by burning
rubbish on the surface only. The difference obtained in these two me-
thods of soil sterilization is shown'in Plate I opposite. The seedlings
on sterilized beds arc always larger’and stronger than those obtained
on unheated beds and moreover are ready for transplanting considerably
earlier. ' Lo 3 ’ ’

There is one seed-bed trouble in Bihar which should be mentioned,
namely, the damping off of the seedlings in- years of long continued
and heivy rainfall subsequent: to sowing. " The beds then become
sour, the seedlings do not grow und the fungus which canses this disease
rapidly destroys the whole bed. The disease is particularly destructive
if partially decayed organic matter has been used for the ~eed beds
and if insufficient time has'been ‘given for the organic matter to decay
before sowing the seed. - Should the ‘disease appear and the seedlings
begin todie off in circular patches,” the whole seed-bed should be broken
up with a bamboo prickerand the beds should be mulched with ordénary

“earth. This neutralises the sour condition of the soil and arrests the dis-

ease. It is better, however, to avoid it altegether int he manner indicated

above. If the month of August is particularly wet, the ryots in Bihar

lose their early sowings almost as a matter of course and there is a great

dearth of plantsat the end.of September. = Ix such yearsas the present,

1914, the tobacco fields are particularly uneven, there is a large propor-
tion of late fields, and, for this portion of the crop, the growing period has
been missed. In such years, there has never been any failure of the seed-
beds in the Botanical area at Pusa, a result which proves the value of
the methods advocated in this section. The details described above
may appear trivial and unimportant to the casual reader, who has not
raised a lobacco crop in Bihar, but they are essential if progress is to be
made in tobaceo production in-this region.
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3. Planting out.

Much of the unevenness of the tobacco fields in Bihar is due to
the want of care in taking out the plants from the nursery at
planting time. The plants are pulled up by hand, and, in the process,
practically all the young roots are destroyed. It is only to be e.xpect?d
that so many do not stand the shook of transplanting and die off in
great numbers after lingering for a day or two in the hot fields.

This loss of plants can easily be avoided. About three hours before
the plants are taken from the seedbeds, a pointed skewer, either of
bamboo or iron, about the thickness of a lead pencil should be pushed
into the seed-bed to a depth of about three inches at intervals of every
three or four inches. The beds should then be well watered and left
for about three hours during which the water percolates evenly
through the bed. The plants should then be taken out by meauns of a
long narrow Eurps with as little damage to the roots as possible. Re-
moved in this way, each plant has a large ball of earth adhering to the
roots and it is to facilitate removal in this manner that correct spacing
of the plants in the seed-beds isso important. The plants should be laid
on bamboo trays, made like the lid of a basket, and carried in this way
to the field, They should be planted firmly and deeply and atonce
watered. Planting should be done in the evening and the tollowing
morning the young plants should be again watered and covered for
the first two days, during the day only, with the leaves of the nim tree
(Melsa tndica)! On the third morning, the papri round the young
plants should be broken and the surface left rough. After this, the plants
will establish and not more than one in a hundred should need replacing.
The vacancies should be at once filled up by new plants from the nur-
sery and one replacement should be sufficient.

In years when the ka¢kiz rains fail, more difficulty is experienced
in establishing the tobacco crop as the moisture in the surface soil is
not so abundant. Some form of furrow irrigation, by which the plants
can be watered without destroying the tilth, is then a great advantage.
Such a method has been worked out at Pusa and has already

! In plant breeding work with tobacco where it is important to establish the crop evenly
and to avoid, as far as possible, all replacement, it is best to cover the plants during the
day with a small perforated saucer (dAakna) made of baked clay. These are merely
saucers with the base removed and measure nine inches in diameter and are two inches deep,
The hole in the base is dbout four inches in diwwmeter. By inverting these perforated
saucers over the young plant it is completely protected from the sun. At night, they ere
removed to give the plant the full benefit of the dew. In this way, a transplanted tobacce
never flags even at midday and the plants rapidly establish themselves,



PLATE IL

FURROW.IRRIGATION AT PUSA,

IMPROVEMENT OF TOBACCO CULTIVATION 7

leen described.! After the final preparation of the field, furrows,
about 18 inches wide and 4 inches deep, are laid off at the proper
distanee, so that there will be & furrow between alternate rows of tobacco
(see Plate I1), The furrows are then filled several times from a distri-
buting channel which runs at right angles to the rows. The water
percolates laterally and soon the soil is well moistened between the
furrows. Transplanting is now carried on in the soil, moistened by
lateral seepage from the trenches, and the young plants are covered with
nim leaves during the day for the first two days. No direct watering
is now necessary at planting and thus the labour in establishing the
crop is reduced. The check due to transplanting by this method is very
small and the plants quickly establish themselves. The loss due to
transplanting in 1908 at Pusa, a year of exceedingly short moisture,
was about 1 in 200. S

4, Cultivation.

The main object of cultivation is to give the tobacco plant a loose
soil into which the young rootlets can easily and quickly penetrate. The
tap root is broken in transplanting, and, in consequence, the plant
tends to become sirface rooted and to develop a mass of fibrous roots.
These require a loose, well-aerated, fertile soil for their maximum
development, and, for this reason, tobacco does not. thrive, and indeed is
rarely planted, on heavy, impermeable and waterlogged land.

The hig}bly.ing‘ tobacco lands 'in Bibar can be greatly improved by
.surfx.we drainage.* ' In this'way the fine soil is retained, local waterlogg-
ing is prevented, the low places are rapidly filled up with silt carried from
the higher areas and the fields soon level themselves naturally. Water-
logged areas in the tobacco fields are now common and these can be
det:::bedbb): the small, yellow, stunted piant's which grow on such
Zzzsi;‘of*t';?mtagel by carrying off the surplus water, soon removes the
etention 6;2;‘?‘21119 &n@‘a‘lao‘ helps in the aeration of the fields. The
rembved by 'rii:,x :a:; of the ﬁn'e ‘particles of goil, which are now largely
hold: [ rain '.aﬂf.l carried to the rice lands, maintains the water-
wolding capacity and fertility of the high lands and tends to reduce the
;.;,mount of added organic matter necessary for the tobacco crop. The
importance of surface drainage in tobacco growing in Bihar wa:s well
shown on the Dholi Estate in 1914 in the case of some sloping fields

: — ———
1L ra iote o Mom-of the Dept. of dgr. in India (Botanical Series), Vo.

2 See Pusa Bulletin No. 33 and Agr. Jour. of India, Vol, IX, p. 197, 1914,
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previously greatly damaged by rain wash. As soon as these fields were
drained and the loss of fine soil prevented, the ryots at once took thom
up for tobacco and were ready to pay high rents to the factory for their
use. Before they were drained, it had been impossible to rent these
fields at all and they gave a very poor return of cheap crops like oats,
Similar cases of enhanced rental following surface drainage have occurred
ont the Doulutpur Estate.

'The after cultivation of the tobacco plant is of great importance,
and, in this respect, the ocul practice is quite effective. Unless the
soil is frequently stirred, the tobacvo plants do not grow rapidly and
also become yellow and unhealthy. After rain especinlly, when a surface
crust has been formed on the soil, this stirring with the Aurps is most
necessary. Assoon as the soil is given a new supply of air by the
surface cultivation, growth begins again and the plants take on, in &
day or two, the dark green appearance characteristic of a thriving
tobacco crop. This result explains why it is so important to pay so
much atteation to the cultivation of the tobacco plant. Tobaeco is &
rapid grower and requires a large amount of air in the soil for the use
of the growing roots. If this air supply is interfered with, either by
waterlogging in the monsoon, by deficient surface cultivation afterwards
or by the formation of a paprs by rain in October or November, the growth
is at once affected and it is difficult to resist the conclusion that the
tobaceo crop is partly limited by the air-supply in the soil.

In a crop which has to grow so rapidly as tobacco, it is almost
unnecessary to say that clean weeding is exsentinl. Ax fur as this
can be carried out, the ficlds are kept free from weeds during the carly
monsoon but in the management of a tobacco fallow the country
plough is a poor thing. The bullock power required ix great, consider-
ing the slowness of the work. The five-tine spring-tooth cultivator,
which is now in use on some indigo estates, is admirably adapted for
the summer fallowing of tobacco lands. The work done is at least
four times that of the country plough and the bullock power required
is not appreciably greater than that required by one wooden plough.
It is no exaggeration to say that by the use of these cultivators in
maintaining a clean summer fallow in the early monsoon, the efficiency
of the available cattle power is multiplied by three.

There is one important weed which is not influenced by culti-
vation, however thorough this may be carried out. This is the
leafless parasite known as the fokra (Orolanehe) which is found
towards the end of the season, as the plants ripen, in great numbers
attached to the roots and growing ‘up through the soil round the
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tobacco plants. As these parasites are destitute of green' colouting
matter; they are unable to make their own food like ordinary green
plants but derive all their nourishment from the tobacco plant itself.
In this way they diminish the yield as they use up much of the food
required by the tobacco to ripen the leaves, These parasites grow from
seeds which are produced by the ripe fofre in abundance and which
live for years in the soil. The only way to reduce this pest is to
collect and destroy the fokra before the seeds are formed and also to
give up the practice of growing the second crop. This second crop is
of small value and is a wretched bargain from the estate point of
view, By its presence, the tokra plants increase enormously and the
seed left in the soil infests it thoroughly for years to come. The
land also tends to become foul from weeds and the great advantage
of a deep, long-continued hot weather cultivation is largely lost.
Even if the rents paid for the tobacco land on indigo estates have to
be reduced, it would be good policy to stop all second cuts and to
plough up the fields as soon as the first crop is taken off. In
agriculture, the best investment of capital is to maintain the soil in
a high condition and to allow nothbing to interfere with this.” The
money obtained from a second tobacco crop is bad finance as it
sacrifices the future for a small temporary advantage.

Topping. When cigarette tobacco is desired, the leaves must not be
so large as those grown by the ordinary Bihar methods. By topping
the plants when about two feet high, the number of leaves is increased
and their size diminished. As soon as the bunch of young flowers
at the growing point can easily be grasped by the hand, they should
be removed together with one or two small leaves. In this way, the
stem grows to about thirty inches in height and all the leaves are
nearly the same size. This naturally gives a uniform product and
any tendency to excessive coarseness is prevented. '

5. Manuring.

Organic matter is essential in Bihar if a large and well ripened
crop of tobacco is to be obtained. On this central fact the system of
manuring depends. In the absence of organic matter, growth is
very slow and is not completed before the cold weather sets in. The
organic matter can be applied in any form such a8 farmyard manure,
cowdung, oilcake or indigo refuse (seet4), but in all cases it is good
practice to apply the manure early in the monsoon so as to give time
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for«it to- decay and to become thoroughly incorporated with the soil.
The best manure for tobaceo for the local trade is undoubtedly seett and
no form of organic matter tried at Pusa -is so effective as this in pro-
ducing rapid growth and the maximum possible yield. Seetk seems to
have a manurial value apart from ite chemical composition. The ex-
* planation is to' be found, in all probability, in the fact that the small
twigs aerate the soil and so supply the much-needed oxygen to the roots
of the tobaceo in sufficient quantities. It is probable, however, that
the planters apply this manure to the tobacco lands in needlessly large
amounts and that a very good result could be obtained by half the
quantity now given. With the decline of the indigo industry, the
amount of seetk available is getting less every year so that the question
of seeth substitutes for tobaceo and for the high lunds generally will
have to be considered.

A considerable amount of attention has been devoted at Pusa to
green-manuring for tobagco by means of sanas (Crofalaria junces) and
excellent crops have been obtained by means of this manure only. The
matter has been dealt with in detail in other papers ! and need only be
summarized here. Green-manuring with sana¢ for tobacco should onl
be attempted on light, Aigh-lying, well-drained soils, and should never
be tried, except for rice, on heavy land. The crop should be ploughed
in not later than the middle of July and it will probably be found an
advantage to cut it and leave it on the surface for a week or so before
ploughing in. 'The time factor is most important. The Pusa experi-
ments show quite conclusively that the green crop requires two monthe
to decay and if this period is extended or reduced the yield of tobacco
is materially affected (see Plate III). On heavy lands or on lands
which are waterlogged from any cause, green-manuring leads to a
smaller crop than that on control plots. Shortening the time between
ploughing in the green manure and planting the next crop gives reduced
yields similar to those on heavy or waterlogged land. That these
results are, in all probability, connected with the supply of oxygen in the
soil, is suggested by the effects obtained last year at Pusa in sub-soiling
after green-manuring... Three plots were green-manured with sana¢ on
July 15th, August 7th, and August 28th, respectively. On September
24th, a strip down:the middle of these plots was sub-soiled to a-depth of

"¢ v Howhrd and Howsrd; . dgr. Jos. of India, Vol, VII, p. 79, 1912,.and Vol. IX,
B'fz.ol”m“l L ’ : °
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about twelve inches, two days before the tobacco was transplanted. The
arrangement of the plots is shown in the following diagram :—

PLOT L. PLOT 2. PLOT 3

7 TG
2SH%DED ?STRIP /ESUSO|LED ZON éSE TEMBER/?Z‘}%

GREEN -~MANURED | GREEN -MANURED | GREEN -MANURED
JuLY . I15™ AUG.7 " AUG 28"

Fia. 1. GREEN-MANURING EXPERIMENT AT Pusa v 1913,

The results of the experimeat were very striking. The tobacco in
plot 1 grew very rapidly from the bezinning and gave the best results.
Plot 2 was not so good whileplot 8 was poor. Inall the plots, subsoil-
ing gave a considerable crop increase and the appearance of the tobacco
on this strip suggasted a liberal dressing of nitrogenous manure. The
sub-soiling would have released a portion of the carbon dioxide in the
soil which had dccumulated as a result of the green-manuring and
Wbuld also have directly increased the supply of oxygen. Possibly the
extra air supply not only influenced the final stages in the nitrification
of the decaying organic matter but also increased the supply of air for
the roots of the tobacco crop. The changesin the soil gases following
green-manuring under Indian conditions obviously require to be investi-
gated and the results are almost certainto prove of interest. Besides
the time-factor, it is exceedingly probable that thorough cultivation,
after the green crop has for the most part disappeared, will be necessary
if optimum results are to be obtained. The large amount of carbon
dioxide resulting from the decay of the green crop! will probably have
to be got rid of ard as much oxyzen as possible introduced into the soil
before the tobacco is transplanted.

Although very good results can be obtained with sanai by itself as a
manure for tobacco on properly drained land, nevertheless there is one
defect which should bs noticed. Tobacco grown after sanas alone does

! Kidd, Proc. Roy. Sooc., B, Vol. 87, 1914.
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not ripen off as sharply and evenly as tobacco grown after seefk or farm-
yard manure.  The results suggest that the materials supplied by sanae
are not quite suflicient for the needs of the crop.  Its value can probably
be increased, either by supplementing it with a light dressing of seeth or
superphosphate or both.  Work on these lines is in progress at Pusa.

In addition to the forms of organic matter described ahove, there is
one indirect method of manuring in Bihar which is of the greatest im-
portance to the tobaceo crop and also to the maintenance of the fertility
of the high-lying lands. This is the rakar crop (Cajanus indicus) which
should precede tobacco whenever practicable. In addition to the bene-
fits conferred by rakar in virtue of the action of its root nodules, this
crop adds largely to the organic matterin the soil by the fall of its
leaves and flowers during the cold season, In addition, the deep root
system breaks up the subsoil and actsas an cfficient subsoiler.  This
crop is also dug over during the cold weather and after harvest the surface
is left rough and free from weeds. With a little extra manure, rakar is

an excellent preparation for tobacco.

6. Uniformity of Type.

The number of different varieties of tobaceo in cultivation in India
is very great. These vary much among themselves in cropping power
and suitability for growth in any partienlar tract, In striving for the
maximum yield, it is essential to grow one high-yielding variety only
and not have fields containing many sorts varying greatly in cropping
power. One sort only should he grown, and, in places where the orap
is mixed, the elimination of all unsuitable kinds and the retention of
one type only would in itself constitute an improvement. For the
local trade in Bihar, it would pay to take more trouble in keeping the
sorts separate so as to raise fields even in all respects as regards size
and shape of leaf, time of ripening and texture and colour of the cured
product. If progress is ever made in India in tobacco growing, and the
product is exported, the uniformity of the type will become of the first
importance.

Cross-fertilization between the varieties is common in tobacco.
There is however no loss of vigour when this is prevented and it is easy
to maintain unimpaired any particular type by means of self-fertilized
seed. These facts have to be considered in organizing the seed supply
of any improved kind of tobacco in Bihar. If left to itself, the new
kind will cross with $he local sorts and in a few years the improvement
will be lost.



PLATE 1V,

THE PRODUCTION OF SELF-FERTILIZED SEEDS.
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The prevention™ of crossing in tobacco is easy. Before the first
flower opens, the whole of the inflorescence should be enclosed in an
ordinary muslin meatsafe and any  flowering - suckers which arise
below the netted portion of the plant should be pinched off. The
plant flowers and sets seed inside the netting and by this means
crossing is prevented. ‘The arrangements at Pusa for ralsmg large
quantities of self- fertilized seed for distribution are shown in
Plate 1V.

In the United States and other countries where tobacco cultlvatlon
has been developed, great care is taken to separate all light seed and to
gow only the heaviest seed. A marked improvement in uniformity
results from this and it has been arranged to treat all the tobacco seed
issued from Pusa in this way. The heavy,; well-ripened seeds contain
the maximum possible reserve material and thus give the young seed-
lings the best chance of success in the seed-bed.

7. Cigarette Tobacco in Bihar.

During recent years, a demand has arisen in Bihar for a variety o{'
tobacco suitable for the manufacture of cigarettes. A large factory has
heen started at Monghyr and a subs;dxary Company is at work at
Dalsingh Sarai in connection with the purchase and curing of raw
tobacco to supply the Monghyr factory. The ordmary Bihar crop i8
much too rank and coarse for cigarette manufacture. The woody
midrib of the leaf, after passing through the cutting machinés, yields
sections too hard and too large for the purpose which perforate the
cigarette paper. Further, this heavy tobacco is deficient in texture and
there is insufficient elasticity .in the cut-product to make it usable for
cigarettes. The colour of the cured leaf is also too dark.

At the request of the Peninsular Tobacco Company, a good deal
of work’ has been done -at Pusa in the search for a suitable elgarette
tobaceo for Bihar. Seed from all the chief tobaceo loealities in Indla
was collected and the types found in this seed have been separated in

~ pure culture and classified. The results of this work were published in

a previous paper.! All the likely typea of this collection were grown
at Pusa and cured both on racks in the sun and also on the ground.
Large samples- of the cured product were sent to the factory and
actually made into cigarettes. At the same time, a nymber of Amencan

! Howard and Howard, Mem. of the Dept. of Agr.in India (Botanical Series),
Vql. III, NO. 2) 1910.
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varicties,! suitable for cigarettes, were also grown and tested in a simitar
way. In this work we have been greatly indebted to Mr. R. C.
Harrison, now Director of the Indian Leaf Tobacco Development Coms-
pany, for numerous reports on the samples of tobaceo produced at Pusa.

The results of these numerous trials were somewhat uncxpected.
All the American varietics proved unsuitable as they did not grow fast
enough in Bilar to have the least chance of suceess with the ceultiva-
tors. In all cuses, the seedlings were weak and lagged behind the
more robust Indian forms. The Americans were about a week to ten days
late in transplanting and this slowness of growth was also seen in the
ripening provess.  All the introduced kinds were too Tate for Bihar
As regards the colour, texture and flavour of the American  sorts, the
results were disappointing and in no case was a variety found com-
bining the requisite colour, texture and flavour for cigarctte manufacture,

The Indian varicties gave much more promising results. Many of
the Bibar kinds gave good colour and flavour, when cured on racks, but
all were deficient in texture. Only one, out of al} the fifty-one Indian
types grown at Pusa, showed itself to possess the desired combination of
texture and flavour with a fair colour when cured on racks or on the

ground. This was Type 28, a kind found in a sumple of sced from

South Bihar. 'This variety has given good results for several years
both on racks and also when cured on the ground.  On the large scale,
under estate conditions, it has done exceedingly well and a great demand
for seed has arisen not only in Bibar but also in other partsof India,
Type 28 has also been taken up Ly the people for the local trade as they
find that, topped low in the country fashion, it gives u heavy yield of
produce. -

Ripentng of tobacco. One of the principal factors in the valuation
of cigarette tobacco is colour. A bright yellow colour in the cured leaf
is the chief aim of the grower. In ovder to obtain this in practice,
it is essential that the leaf should be fully ripe and contain as little
green colouring matter as possible, The ripening process in the
tobacco plant consists in the deposition of starch in the leaf and in the
gradual elimination of the green colouring matter. This makes the
leaf thicker, and, when the plant is fully ripe, the leaves are so brittle
that they snap easily when folded between the fingers. Brown flecks
also appear in the leaves as ripening proceeds. The ripening process
should be complete by the end of January so that there is no stimula-

' The Americau varieties tried were— Burley, Long-leaf (ooch, White-stem Orenoko,
Enster Pride, Conqueror and Granville.
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tion to new growth when the temperature begins to rise in February.
The season therefore imposes very definite limits for cigarette tobacco
in Bibar. All growth in size must be completed by about the middle
of December when the temperature falls. During the cold weather, the
ripening process should take place and the crop should be cut by the
end of January. Late planted tobacco or tobacco which has not heen
adequately manured does not complete its growth by the middle of Dec-
ember. The cold weather merely arrests growth which, in such crops,
begins again as soon as the temperature rises in early February. After-
wards, the tendency to more growth is greatly stimulated by the heat,
the plants endeavour to make suckers and cannot be induced to ripen off
sharply. These facts show how important it is in high class tobacco-
growing so to manage the crop that it suits the season to the best
advantage.

Principles of curing. The principles underlying the curing of
tobacco are simple.!  The details of the process are variously modified to
suit the requirements of the numerous classes of tobacco. When the
ripe plant is cut and hung up in the air, a starvation process begins in
which the starch in the leaf is gradually consumed. If the leaf is
killed by brnising or by too rapid drying, the starch is not removed
sufficiently and the resulting tobacco is lifeless and harsh to the feel.
This partly explains why ground-cured Bihar tobaccos are net smnitable
for cigarette purposes. The leaf has no elasticity and when cut will not
tend to swell out and fill the cigarette paper. In the air-curing process
besides the consamption of the starch, another series of changes is proceed:
ing. The green colour slowly disappears and the complete yellowing
of the leaves marks the first stage in the death of the plant.  The next
stage in the process is the change from yellow to brown due to oxida-
tion. The moister the leaf the more rapid is this change and if it is
allowed to proceed far enough, the colour changes to a very dark hue or
to black. For cigarettes, the more this brown colour develops the lower
the value of the product. When the yellow stage in curing is reached
the midrib of the leaf still contains a good deal of moistare and thin
has to be removed by drying, otherwise the leaves will not stand trans-
port and will not be in a suitable condition for treatment in the drying
machine at Dalsingh Sarai. The problem in Bihar is to remove the
moisture in the midrib without developing the brown colour and to
do thisin the cheapest and simplest way.

g

' For further details see Garner, Bulletin 143, Bureau of Plant Indusiry, U. 8
2 . .

Dept. of Agr., 1909, al \
Rhodosis, 18;) 4 and Odlum, The Culture of Tobacco, Dept. of Agr., Southern
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Rack-cnring. The method adopted at Pusa to obtain the best

yellow tobaceo is that known as rack-curing or sun-curing. The
process was suggested by the Peninsular Tobacco Company as
being the most suitable for the conditions in Bihar.  As 1s well
known, the casiest method of obtaining cigarette tobacco is by flue-
curing in barns but the local conditions in Bihar put such an expensive
process out of the question. In rack-curing, the stems of the ripe plants,
while still standing in the field, are split with a knife nearly to the
ground and are then cut down. After standing a short time to wilt,
the plants are inverted and slung on bamboo sticks about five feet
long so that they just touch one another sideways. The loaded sticks
are then carried to the bamhoo racks where they are placed in position.
The tips of the leaves should be a foot above the ground and the loaded
sticks should be arranged on the racks so that the plants on each stick
just hang free from the next. This allows of xufficient space for drying
and for the circulation of air. The racks should be provided with a
grass roof to keep off the dew and protect the drying plants from rain
and hail.  The crop is allowed to hang till the midribs of the leaves are
dry and thix can ensily be tested by bending the leaf between the
fingers, If the midrib snaps, the leaf isdry enough. After drying,
the plants are taken down and stripped, the leaves being tied together in
hundles in the ordinary way. There must be sufficient moisture in the
leaf for handling and for this reason it is best to get theldrying done
hefore the onset of the west winds, otherwise it is often too dry to
get the tohacco into condition for stripping and baling, The leaves
should be baled with as little moisture as possible, and at once sent to
the factory at Dalsingh Sarai for passing through the drying machine
previous to bulking.

The disadvantages of this method of curing are obvious, A
considerable amount of labour and expense are involved in the erection
of the curing racks. Tbe curing process is a long one and the crop is
on the racks for at least six weeks, during which it is liable to damage
by wind, rain and hail. Towards the end of the process, the danger
of fire has to be guarded against. A good deal of supervision is required
when the cured plants are tuken off the racks and the leaves are
stripped and baled. If the plantsare too moist, there is a danger of the
development of the brown colour as well as heating in the bales on the
way to the factory.. If the crop 18 taken down too dry, there is a great
loss of leaf by breakage.

From the economic point of view also there are obvious drawbacks
in rack-curing. There is only one purchaser for this class of product,

.
e
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namely, the factory, as the local dealers do mnot require rack-cured
tobacco. It is clear therefore that no estate should go in for this
product except under a satisfactory contract with the Company whose
advice and assistance in the matter should be enlisted.

Among the numerous varieties rack-cured at Pusa, by far the
best results were obtained with Type 28 and these results have been
since repeated on the large scale at Doulutpore and other factories.

Ground-curing. A good deal of attention has been paid at P}lsa
to finding some simple modification of the ordinary ground-curing
method by which a product can be obtained more suitable for cigarette
manufacture, than ordinary Bihar tobacco. Colour is of minor impor-
tance in the local trade and frequently no pains are taken in the local
curing to obtain a light coloured leaf. It has been found at Pusa
that, if all the operations in ground-curing are carried out with the
least possible amount of moisture, a very fair colour is obtained com-
binel with a good texture and flavour. Whenever the tobacco 18
spread out to dry, it should be bulked again as soon as the plants can
be handled. Tt must mever be allowed to get wet with the m01s.t
night dews, otherwise the light colour is lost. This modiﬁc-ation 18
possible on a large scale, provided the extra care and supervision are
suitably rewarded by an enhanced price.

A large number of types have been cured on the ground by the
above method and the produce has been made into cigarettes, The
best reports were always obtained by Type 28 so that this tobacco
is obviously most suited for cigarette purposes whether cured on racks
oron the ground. In 1911, Mr. Harrison reported on Type 28, cured on
the ground, as follows :—

“All four lots exceptionally good, texture very good, colour good and
very good for cigarette purposes. No. 28 is considered by the writer
to be the best variety sent to us this year.” (Report dated April
8th, 1911). ~

The following year this tobacco, cured on the ground, obtained the
following report :—

“ Colour bright and texture above the average of Indian Tobacco with
regard to small stems and fibre. We think this particular type of
tobacco will make a very fair smoke as a cigarette, > (Letter dated
April 19th, 1912). As Type 28 yields as much as the local, an advantage
would be obtained by growing this kind. The difficulty here is again
the want of competition. Ground-cured Type 28 in the best form for
cigarettes is not so suitable for the Indian trade as the same tobacco

[
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grown and cured in the local way. In this casc also, a contract
or agreement with the Company is essential before this kind is taken up
on the large scale for cigarette purposes.

Seed supply of Type 28. A large quantity of seed of Type 28 is
grown at Pusa every year for distribution and steps are tuken to prevent
cross-fertilization. Applications for seed should be sent to the Imperial
Economic Botanist at Pusa before the end of March, when this and
other rabs seeds are distributed. About one table-spoonful of seed is
required for an acre of land so that five chsttacks of seed aro sufficient
for ten acres.

8. Summary.

The conclusions reached in this paper can be summarized as
follows :—

1. 'The small size of the tobacco seed and the fact that it contains
a small amount of reserve material necessitate great care in the pre-
paration and manuring of the seed-beds,

2. The rate of growth of the scedlings is increased by frequently
breaking the surface of the beds, by the addition of fresh earth and by
thinning.

3. There is no danger of the seedlings damping off provided the
seed-beds have been properly prepared. If this discase appears in im-
properly prepared beds, it can be checked by cultivation and mulching
with ordinary earth.

4. The spacing of the seedlings in the seed-beds is most important so
that strong, stocky plants may be obtained. Weak, crowded and drawn
seedlings do not stand the transplanting process well.

5. In transplanting, the plants should be taken up with balls of
earth, and for this purpose the time and method of watering the seed-beds
are important.

6. In dry years when the Aa¢#ia fails, the crop can be readily estab-
lished by furrow irrigation. By this means even in the driest years the
casualties should not exceed one per cent.

7. The real object of cultivation in the case of tobaccois to supply
the roots with abundant air in such a manner that the moisture is not
lost.

8. 'The damage done by the Zokra can be minimized by giving up
the second crop, a practice which also interferes with hot weather
cultivation.
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9. Organic matter in sufficient amount is essential for the tobaeco
crop. Indigo seeth i: the best manure. Sanac is to some extent a seeth
substitute provided the crop is only grown on high-lying, well drained
lands and provided the after cultivation is sufficient to aerate the ground
thoroughly before the tobacco is planted.

10. As far as possible, tobacco should follow rakar as this latter is
an excellent preparation for tobaceo.

11.  Cross-fertilization is common in tobacco so that the seed of any
improved variety introduced into Bihar will have to be raised under bag.

12. Large, heavy seed gives better results than light, badly grown
seed. A
13. The best cigarette tobacco yet tried at Pusa is an Indian tobacco,
Type 28, which when cured on racks or on the ground has given the
best results.

14. Seed of Type 28 can be obtained in quantity at Pusa.

156, The importance of growing only one kind of tobacco and of
growing this kind in such a manner that even fields are produged is very
great.

Pusa;
November 28, 1914.
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First Report on the Improvement of Indigo
in Bihar

(With notes on Drainage and on Green-manuring.)

L Introduction.

LARGE amount of attention has been devoted, in the past, both
by Government and by the Planters, to the improvement of the
indigo industry in Bihar. ! Investigations have been in progress during the
last fourteen years with the object of increasing the yield of indigo per acre
and thereby assisting the industry to meet the competition of the synthetic
product. These various investigations are well known and therefore need
not be referred to in detail now. A full account isto be found in the papers
of Rawson, Bergtheil, Bloxam, Leake and Parnell, while Watt, in the
Dictionary of Economic Produels of India and in the Commercial Products
of India, has dealt with the various aspects of the indigo industry in India.
The student of Andian agricultural science will be able to trace the literature
on this subject by referring to the writings of Watt for the earlier papers
and to the reports of the Sirsiah Experiment Station for the most recent
investigations, Previous workers have dealt almost exclusivelj with the
chemistry of the manufacturing process, but some. attention has been paid
to the botanical aspect. Beyond various manurial experiments, very little
work has been done on the purely agricultural side of the question and on
the physiological aspect of the réle of the mdlgo-produemg prmc1ple in the
economy of the plant.

A study of the past work on indigo reveals the fact that the most impor-
tant advance which has been made during the last fourteen years was the
introduction of a new species of Indigofera (I. arrecta, Hochst.) from Java.
This species is now commonly known in Bihar as Java indigo, a plant
originally found growing wild in Natal. Java indigo was introduced into

} From the begmmng of 188 to theend of 1918 the sum of £54,207 has been expended on

indigo research work in Bibar. Of this large sum £32,052 has been contnbubed by Government,
the remaining £22,165 by the Bibar Planters’ Association.
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Bihar in 1808 by Mr. H. A. Bailey, who found on visiting Java in that
year that the Dutch planters had discarded their original indigo (£
oligosperma), commonly known as Guatemala indigo, in favour of one from
Natal. From the time of the original introductioninto Bihar, the oulti-
vation of Java indigo spread very considerably and in 1908-10 exceeded
the area under ordinary Biliar indigo (1. Sumalrana Gaertn). Since 1910,
the area under Java indigo has decreased from 70,000 to about 15,000
bighas in 1913. During this period the area under Sumatrana has remained
constant at about 49,000 bighas a year.

The present position of the indigo investigations in India is asfollows :
The Indigo Research Station at Sirsiah was closed on March 31st, 1918, and
the staff dispersed. The reasons which led to this decision ave dealt with in
detail in the Sirsiah Report for 1912-18. Briefly stated, it was found that
Java indigo could not be induced to form sced at Sirsiah and, in consequence,
the selection work on this crop, which formed the main item of the pro-
gramme of investigation, was interfered with to such an extent that no
hopes of any successful results could any longer be entertained. The Bihar
Planters’ Association wisely decided to close the station and to ask the
Imperial Government to continue the work. The Planters agreed to the
offer of the Government of Indis that the indigo investigations should be
transferred to the Botanical Section of the Pusa Institute, and, since March
31st, 1913, we have been in charge of the work. ,

The causes of the non-success of the Sirsiah experiments with Java
indigo have been put down to a discased condition of the plant. In the last
Sirsiah report this matter is referred to as follows by Purnell :—

¢ The term ¢ disease ° has been applicd for lack of a more definite term
to a certain unhealthy condition of the seed-plant which will now be con-
sidered, Co .

“ Up till about 1809, with few exceptions, Java indigo gave excellent
crops of seed in Bihay, averaging about 10 to 12 maunds an acre on good
soils. In 1910, the seed-plant in many places largely died out and_ in 1911
almost. the whole seed crop of Bihar was a failure. Although in places the
1912 crop appears to have been slightly better, the same condition hglda,
that however heglthy a crop may appear, even up to the flowering time, it is
impossible to say whether it will produce seed or not.

¢ The incidence and course of the diseasc are as follows :—- '

“ Some.time in August or September, or even later in some cases, &
number of plants vegin to alter in appearance ; their lower leaves become
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of a greyish slaty colour and feel harsh and crisp to the touch and generally
become somewhat folded longitudinally. This condition spreads gradually
upwards and the older leaves drop off till there is nothing but a small banch
of stunted leaves at the tip of each branch. The growing point may remain
alive and produce tiny leaves for a time, but finally it dies and the branch
gradually dies backwards often producing small shoots with minute leaves
which die off successively: The whole plant is not always affected, in fact
occasionally half the plant or even only one branch may remain perfectly
healthy and produce seed after all the rest is dead. It is common for a
plant that is quite dead abova to produce a number of very strong healthy
shoots from the lower main stem, but in almost every case these die off
later. In advanced stages it is common for healthy shoots on a diseased
branch to wilt suddenly and die even before the main branch has actually
died back to the junction. This may be due to the action of saprophytivc
fungi that have gained access to the dead part of the main branch and
worked back to the point of junction. - ' ' :

“ Practically without exception it is the oldest growths that first show
signs of disease. This holds good whether one compares plant sown in
October with February sowings, the latter with July sowings meorkus with
koonts (i.e. first with second growth}, second with third growth, the main

‘'stem with its side branches, or the old’ lower branches with the young

upper ones. In all the above pairs representing growths of different ages
the former older growth is affected more than the later younger respeetively.
« Up to the present time no explanation of this diseased condition has
been found. After a fruitless examination and consideration of the matter
at Sirsiah the aid of the Imperial Department of Agriculture was obtained.
“Mr. Lefroy, Imperial Entomologist, in the Agricultural Journal of
India, Vol. VIIL, Part I of January 1918, gives his results and expresses
his conviction that the diseased condition is not due %b nor in any way con-
nected with the insect pest Psyliz, nor to any other insect. :
~ “Mr. Butler, Imperial Mycologist, and Mi:. Shaw, Supernumerary
Myeologist, have madea very thorough examination of the disease and report
that it cannot be attributed to any definite fungus. '
“Mr. Hutchinson, Imperial [Agricultural] Bacteriologist; reports that so
far his investigations have given no indication of bacterial disease and he

-considers that further work will probably confirm this result.” = .

“Mr. Howard, Imperial Economic Botanist, in Bulletin No. 33 ¢

‘Agricultural Research Institute, Pusa, considers that thé diseased condition

B2
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is due to a combination of bad cultivation and water-logging of the
soil.”’ -

Our investigations have confirmed the position taken up in Pusa Bulletin
No. 38.  All the evillence obtained so far goes to show that the unhealthy
condition of Java indigo, grown for seed, follows from a water-logged condf-
tion of the soil, aggravated in many cuses by defective cultivation, using’ this
term in the sense of general crop management. We have further discovered
a method of growing Java indigo for seed in Bihar which avoids the diseased
condition referted to above, and a careful consideration of this method
will confirm our views as to the causes of the original tronble, :

On taking up the indigo investigations in the beginning of 1918, the
industry presented three problems for immediate solution. In the first place,
some method of growlng Java indigo for soed was most urgent, Without &
supply of well-grown sced, at a moderate cost, the industry was in danger of
collapse. The second question referred to improvements in the management
of the crop so as to ensure two cuts of leaf at least and to save the large
Josses due to the wilting and unhealthy condition of the crop which ensues
after the first cutting in July. Thirdly, the question of the improvement of
thte crop by solection and the discovery of the methods to be adopted in this
work seemed an urgent matter in view of all the circumstances of the indus-
try. I the following pages will be found an account of our investigations
on these various matters, together with our views as to future work on
indigo. . : -

AL The Gl;owth of Java Indigo for Seed.

Introduction. In general, in Bihar, Java indigo is sown in” October,
“after the rains havé ceased, and it is now customary to grow it with 8 co}d
weather cover crop such’as mustard or wheat. The indigo plants rémain
-small during the cold weather and do not grow much in height till the
temperature rises towards the end of February, after which period the cover
‘crop ripens and is harvested: The indigo fields are not always free from
weeds during the ot months of April and May, and this circurastance, in
addition to the hard condition of the surface soil, often leads to a great loge
of soil moisturd and consequently to a backward condition of the plant at the
time of the early rains in May.- Indigo is able to sutvive the hot dry season
in Bihar without irrigdtion solely on account of the nature of its xoot system.
“Thetap root 'of young Java indigo in March is several feet in length and
: extends well down into the woist subsoil. Byt for this, the young plants,

L
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which are then only a few inches high, would be rapidly destroyed by the
high temperatures and by the dry west winds which sweep over the country
at this period. Indigo is the only commonly cultivated crop in Bihar which
grows in the hot weather. "With the advent of moist east winds and the early
rains in May, the plant grows rapidly and by the middle of July the first cut
is taken. The erop is cut back completely and from the stumps new shoots
are produced which form the second cut, whichis taken as before towards
the end of August. When seed is desired, this is produced from the third
set of shoots formed in September. The seed ripens in February and
March by which time the indigo fields are often very foul with weeds,
leading to great trouble and. expense in the preparation for subsequent
Crops. . ' :
Rainfall. The bulk of the rain in Bihar falls during the active growth:
period of the indigo crop, from the middle of June to the middle of Septem-
ber and often exceeds 20 inches in a month. This naturally leadsto a
constantly wet condition of the surface soil, even on well-drained land.
With the progress of the monsoon, the level of the subsoil water rises con-
siderably and lowlying areas are often under water. Indigo is killed
outright by standing water but manages, for a time, to resist the continual
wetness of the closely packed surface soil, the main characteristics of which
in Bihar are the fineness of the soil particles and its power of retaining mois-
ture. It is towards the end of the monsoon that the crop first begins to
show signs of want of vigour and a distaste for its environment. After the
first cutting, the new shoots grow slowly and are often unhealthy. The
fresh grawth is formed with great difficulty and frequently the new branches
drop their leaves and wilt off. The second cut is often small in amount
while the plants left for seed in many cases produce a small crop of very
poor quality. From this unpromising material the new generation is raised
and at the present time Java indigo cultivation in Bihar is in a thoroughly
vicioug circle. . The poor seed yields a weak crop which, in turn, gives still
more degenerated seed. To a greater or less extent this has been going on
since 1909, when the dry cycle, during which this crop was introduced into
Bihar, came to an end and the present cycle of rainy years commenced,
During the period of low rainfall, Java indigo did well and gave two or
three cuts of leaf and then a good seed crop. : :
The practice of growing seed from an old worn-out crop cannot. be too
strongly condemned. Under such circumstances degeneration is bound to
occur as has been the cage in J ava indigo cultivation in Bihar. Good seed
is essential for any crop and too much care cannot be taken in its growth:-
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On the olderalluvium of the Doab of the United Provinces at Cawnpore,
where the rainfall is less than in Bihar, thecrop can be grown to perfection
for seed under canal icrigation. There the soil is of a coarser texture and is
of smaller water-holding capacity than that of Bihar. At the same time the
level of the subsoil water during the monsoon is at a greater distance from
the surface in the Doab than in Bihar.

Indigo ‘ Disease.” The unhealthy condition of Java indigo towards the
end of the monsoon is regarded locally asa discase. The affestod plants are
characterized not only by a great reduction of leaf surface Lut also by &
pronounced unhealthy appearance of the remaining leaves. The typics!
green colour of the foliage of healthy indigo is absent and the general tint is
a yellowish-green slaty colour. All the external symptoms point unmistake
ably to root trouble which further oxamination confirms. The fall of the
leaf at a time the plant should ho growing vigorously to prepare for seed
formation shows that something is interfering with the supply of food

materials from the soil. Thero is no obvious stom discase. The soil is moist,

so drought is excluded. "The trouble must therefore be due to something
amiss with the roots. The root system of this plant is very characteristic.
There is a long tap root and a greal develupment of long thick laterals,
mainly concentrated in the first ten inches below the surface. Below this,
the number of laterals on the tap root is snall. The app.arance of the large
100ts of affected plants is bealthy and there arc none of the symptoms of
definite disease. There are however very few fooding rootlets to be found
‘anywhere. The functional root system is extraordinarily limited and almost
absent on the laterale near the surface. Little boyond the main root system
is alive and the almost entire destruction of the finer roots is most striking.

This at once explains the unhealthy appearance of the crop towards the end
of the monsoon and the failure of the plunts to ripen ptoper secd afterwards.

The fall of the leaves and the wilting of whole branches represent efforts on
the part of the plant to adapt itself to the gradual loss of its aotive roob
syatem. :
Similar ‘ diseased’ conditions. The unhealthy appearance of

Java indigo at the end of the monsoon is by no means unique in Bibar.
A similar state of things has for several years been observed by us in the

Boianical arca at Pusa in such crops as patwa (l/sbiscus cannabinus, L) and.
sanas (Crotalarsa juncea, L.) when sown at the beginning of the monsoon
for seed purposes. Several varieties of these two crops grow very well ab
first and begin to set seeds in the ordinary course. - Frequently, however,
an unhealthy condition is observed, the foliage loses its fresh appearance
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and leaf fall begins, often followed by the sudden wilting of the whole
plant. Examination of such plants in the early stages of the trouble again
shows a great diminution of young roots and in the case of wilted plants
the eatire destruction of everything besides the main tap root. Indigo,
sann and patwa are all plants which cannot put up with constantly moist
soil conditions for the whole of the monsoon period. They are all intolerant
to long-continued wetness of the soil and under such co.nditiqns' drop their
leaves and eventually wilt off, being quite unable to form good seed.

. Remedial methods. In searching for some practical remedy for’ this
trouble, two lines of attack suggested themselves, In the first place, im-
provements in surface drainage and aeration of the soil might be expected
to prolong the life of the plant. Secondly, sowing the crop specially for
seed towards the end of the monsoon so that the developing root system
would follow the fall of the subsoil water, which takes place after the rains,
was & second possibility of success in case improved drainage and cultiva-
tion failed to avert the trouble in the case of indigo grown in the ordinary
way. It was decided to try both these methods simultaneously.

Drainage and cultivation. A beginning was made with these ex-
periments in 1912 on a field of Java indigo which had been raised under.a
cover crop of wheat sown in October 1911, Further experiments were
made on some small plots sown for seed early in June 1912 at the break of
the rains. All the indigo was sown in plots surrounded by trenches and no
gerious water-logging was possible through water standing on the surface.
Everything went well till the first cut after which.the plant became un-
healthy and gave a very poor second crop. The portion kept for seed was
poor and a good deal died before the end of the year, _Only a small quantity
of poor seed was obtained. In all cases the plots were kept free from weeds
and after the first cut the land between the plants was broken up with the
Fodar 50 as to let in a supply of air. ‘

In 1912-13, these experiments were repeated, both on indigo sown under
wheat as a cover crop and also on plants established on irrigation in April
1913. In the case of the indigo grown under wheat, the plants were in
rows two feet apart so that the land could be opened up between the rows
by a subsoil plough before the rains and other methods of cultivation could
be tried The scheme of the experiments can be understood from the
following : — i , ‘ . '

1. - Control plot. No cultivation beyond the lever harrowing given
to all the plots after the removal of the cover crop of wheat in March.
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" 2. Subsoiled between the rows on June 9th to a depth of one foot.
Cultivated with Planet Junior horse hoe after cach cut.

3. Cultivated between the rows with a Planet Junior horse hoe in April
followed by subsoiling early in June. Caultivated by the Planet Junior
horse hoe after each cutting.

4. Subsoiled between the rows early in June after which the rows
were ridged, = The ridging was repeated after cach cut,

5. Java system. Subsoiled in May and trenches about six inches
deep were cut between alternate rows, the earth being put on the beds.
Subsequent cultivation consisted in keeping the drains cleaned out and
putting the earth back on the beds.  This ensured a large volume of acrated
earth for root development during the rains.

Two cuttings of indigo were obtained. A good deal of wilt occurredv'
after the first cut and the remaining plants were.left for seed. They promise

to give a fair crop only. The outturns of plots 1, 2, 8 and & were practi-
cally identical while there was an increase of roughly fifty per cent in the
case of the plot cultivated on the Java system.- The expense of this system
however would be far too great for adoption in Bihar. The general result

of thesc experiments showed that any ordinary system of subsuil or surface

cultivation or both combined before the rains is not sufficicnt to prevent wilt
or to ensure a really good seed crop.

In the second set of cultivation experiments, the plots were raised on
irrigation in April 1913. In some, the seed was sown direct, in others, the
crop was transplanted from a nursery. The plants were well-spaced both
ways and the drainage and cultivation were as near perfection us could be
attained under experiment station conditions. One half of the plants were
pruned, the rest left for seed. The indigo grew to a great size and com-
menced to form seed. Leaf-fall and wilt however began towards the end of
the raine and the condition of the plots at the present moment (January
5th, 1914) can only he described as poor.

" The general result of the experiments on drainage and cultivation for
the prevention of wilt and the formation of seed have, with the exception
of the Java method, given negative results for two seasons. This has been
the case on indigo sown in October with a cover crop and also with indigo
grown from seed and transplanted at the break of the rains. The water-
logging which takes place in the Bihar allavium and which leads to the
destruction of the young roots of the .indigo cannot be prevented by
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drainage and cultivation. The plant will not tolerate the constantly moist
condition of the soil for the whole of the monsoon period. Like sanas and
patwa long-continued wetness is fatal to Java indigo.

August Sowings. The experiments on sowing the crop for seed to-
wards the end of the monsoon must now be considered. It has been shown
that Java indigo will not tolerate more than two months or so of constantly
moist soil conditions such as are experienced in an ordinary monsoon. It
appearéd likely therefore that sowings about the middle of August on high
lands in good heart might escape wilt and . might come into flower in Octo-
ber and November and carry a crop of well-grown healthy seed which could
be gathered in February and March.

The first trials were made at Pusa in August 1912 on a very small scale.
The plants escaped wilt and carried a fine crop of healthy seed. Side by
side were the wilted plants raised from seed sown in June. The contrast
between these two was most marked. v _

The second set of trials was made at Pusa and also on the Dholi estate
during the last monsoon. The Pusa results will first be considered. Seeds
were sown direct and seedlings were transplanted at the end of August both
on poor, medium and on fertile soils. The crop was set out in lines, two
feet apart, so as to admit of surface cultivation between the rows by means
of small Planet Junior hand hoes so.as to conserve the soil moisture after
the rains. In some cases, the plots were green-manured with sangs before
sowing the indigo, but in one instance this interfered with the germination
of the seeds. As in 1912, the results have been exceedingly favourable
and fine healthy plants, free from wilt and covered with good pods, have
been obtained. Some mistakes were made in sowing which will be remedied
in future years. The plants were not always so thick in the lines as they
should have been, Further, sowing a fortnight earlier, about August 15th,
would have been better. The fields in which it.is desired to grow seed
should be high-lying, well-drained and in good heart, somewhat like good
tobacco land. This is essential so as to promote.rapid growth and to raise
large plants by the end of October so that the maximum seed crop can be
carried. If sown in poor land a large seed crop is not likely to be obtained.
It is also essential that the plants should be in. lines about two feet apart
#0 as to give enough space for branching and for the proper setting of the
Seeds. 'The reason for this spacing depends on the method of pollination
in' Java indigo—a subject which will be referred toin the next section
(p- 13). ’ -

+
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The experiment of August sowing for sced on the Dholi estate plso pro-
mises well. The area sown was 12 bighas and the seed was put in on Angust
lst. The plants grew with great vigour and proved that indigo sown at
this period escapes the so-called discase.  Mr. Danby considers the crop is
too thick for seed and had the field been sown in lines, two fect apart, a far
greater yield of sced would have been obtained. In this opinion we
concur.

It is very probable that the crop grown specially for seed will yield good
cuts of leaf the following monsoon. This is being tried now and tho results
will be published later. Possibly some pruning may be necessary after the
geed has been collected, but this is a matter for future experiment.

Conclusions. The Pusa experiments on the growth of Java indigo for
gseed point to very definite conclusions. In wet years like the present, a crop
of really good seed is, as a rule, impossible atter cutting the indigo for leal.
In future, lea! growing and seed growing should be regarded as separate
things. For seed, Java indigo should be sown about the middle of August
on high-lying, well-drained, fertile lands. The seed should be sown in lines,
about two feet apart, 80 as to promote branching and ensure abundant polli-
nation. At first, cultivation and crust breaking should be carried out with
the lever harrow but when the plants increase in sizs interculture and weed-
ing should be done by means of the Planet Junior hand hoe. Grown in
this way, indigo escapes the so-called disease and large crops o} good well-
grown seed can be obtained.

Cold weather cleaning crops. Closely counected with tho growth
of Java indigo for seed is the question of rabs cleaning crops in the
general economy of the indigo estates. In Bihar, there are several trouble-
some cold weather weeds which, if unchecked, rapidly multiply and lead to
great loss of fertility. This is particularly the casc on good lands when put
down to cereals year after year as in the case of the continuous wheat plots
at Pusa. Weeds like butwa (Chenopodium) give great trouble. One of
the best methods we have found in destroying these annual cold weather
weeds is to grow a crop of rakar about every fourth or fifth year and to
tumney the crop during November or Decomber. This tumney, combined
with the effect of the thick canopy of radar leaves, cleans the land very
efficiently. ‘Tobacco is another good cleaning crop. To these two might be
added Java indigo sown in lines in August for sced. By rurning Planet
Junior hand cultivators down the lines after the Aatkia or later rains the
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weeds can be killed off and the land kept clean. The present method of
growing Java indigo by leaving the old crop for seed is the reverse of a
cleaning crop. During the cold weather, weeds accumulate and old indigo
fields in March are generally in a very foul state. The August sown crop,
besides giving better seed, will act as a cleaning erop and so tend to improve
the land for future use. :

III. The Improvement in the Yield of Indigo.

Besides the supply of good seed there are two other directions in which
the yield of indigo can be increased. In the first place, the crop can be
improved by selection. In the second place, the present methods of grow-
ing indigo in Bihar are capable of considerable development. Attention has
been paid to both these methods, and, in the following pages, they will be
considered separately.

The Improvement of the plant itself.

Pollinatione Indigo is a crop grown from seed. As is well known,
the seeds are formed in pods each of which arises from a flower. For seed
to set the flowers must be pollinated, that is to say, pollen must be transfér—
red from the anther to the stigma. In the work of improving a crop, an
accurate knowledge of the way in which pollination takes place is the first
condition of progress. This is necessary, not only in the work of selection
or breeding an improved crop but also in devising the best system of seed-
growing and of seed distribution. C :

" In some crops, self-pollination is the rule. In such cases pollen
falls “on the stigma of the same flower and self-pollination ensues leading to
the formation of seed. Wheat is an example of a crop in which self-pollina-
tion is the rule. Once an improved wheat, which breeds true, is found either
by selection or by breeding, all that is necessary is to multiply the seed from
one plant and to atrange a suitable method of seed distribution.

In other crops like tobacco and cotton, a considerable proportion of
cross-pollination takes place. Here both in selection and in breeding
precautions are necessary to prevent crossing. This is essential in all the
work connected with obtaining a new Variety and also in seed-growing and
in seed-distribution, If these precautions are not taken, thé improved
varieties cross with others and the improvement is lost in a very short time.

In a third class of crops, cross-pollination is the rnle and self-fertilization
the exception. Maize and some of the oil-seeds are examples of such crops.
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Here the methods of selection that cin be applied to obtain an improved
plant are quite different from those which are used in crops like wheat and
tobacco. Java indigo belongs to this class.

The method of pollination in the case of Java indigo has been studied
by Parnell at Sirsiah, and in the last report of that station he described the
result of his investigations as follows :—

“ Examination of the flower of I. arrecta reveals a mechanism designed
to ensure extensive cross-fertilization. The style projects through the ring
of anthers and carries the stigma into the closed apex of the keel where it
is protected from contact with the pollen liberated lower down in the keel
by the bursting of the anthers shortly before the flower opens. By cares
fully exposing the stigma of an unsprung flower one can see that it remains
free from its own pollen in almost every instance. If the spring mechan-
ism is not released, the flower remains in this condition for several days
when it begins to fade and the pollen may gain nccess to the stigma and
produce self-fertilization, This latter event Lowever occurs rarely ; this
may be due partly to the fact that tho pollen does not always reach the
stigma and partly to the fact that the pollen of an old flower possesses con-.
siderably less germination power than when it is fresh, u fact readily de-
monstrated by germination tests done in an agar solution containing 15 per
cent cane-sugar,

Normal fertilization appears to be brought about through the agency of
inscet visitors. In the young open flower, a state of tension exists between
the ovary and the keel. The latter exerts a strong downward pressure on
the ovary and ie kept in position by meansof a fold of its free edge on each
side, the two folds coming together for a short space over the ovary about
the middle of its length. Two projecting spurs of the keel, one on each
side level with the folds, support the wings as a level platform over the keel.
When an insect alights on this platform the spurs are depressed, thereby
separating the folds and releasing the ovary, The wings and keel spring
down, owing to a sudden bending at their base, till they are about at right
angles to the ovary which has jerked suddenly upwards. The stigma comes
into immediate contact with the under side of the insect which is also
covered with a cloud of pollen ; in this way the stigma receives a mixture
of pollen from the flowers already visited by the insect. This operation
may be observed very readily in the field, being effected most commonly by
Aris florea and Halicius gutturosus, two common Indian bees, both of which
visit flowering indigo plants in large numbers.”



g:{):'““‘)

JAVA INDIGO,

PLATE I,

N

QRaghuva Rao ety

FIRST REPORT ON THE IMPROVEMENT OF INDIGO IN BIHAR . 13

During the past two years we have examined the flowers of Java indigo
in detail and our observations confirm and extend those of Parnell. The
details relating to the flowers and the method of pollination can be seen in
Plate LY There is no doubt that pollination by means of bees is the rule
in this crop and that in the absence of these insects little or no setting takes
place. To prove this a number of large healthy indigo plants, which had
been grown from seed sown at the end of August, were covered with frames
over which mosquito netting had been stretched. The plants were put
under the frames before any flowers had opened and the bases of the frames
were sunk a few inches in the earth to ensure the complete exclusion of
insect visitors. In all cases practically no- pods formed, the flowers remain-
ing open for a few days and then drying up. The covered plants grew, if
anything, better than those outside. The ordinary uncovered plants set
seed in abundance and the contrast in this respect between the covered and
uncovered plants was most striking. In each of the covered plants one branch
was allowed to grow outside the net, an arrangement having been made
for this purpose which excluded insects. The branch growing out into the
free air in all cases set seed, thereby proving that the failure to set seed on
the part of the covered plants was not due to any weakness of the plant
itself but solely to the exclusion of insects.

In order to form some idea of the amount of natural oross-fertilization
which takes place between the various types of Java indigo, which consti-
tute the crop as cultivated in Bibar, the seed of a large number of plants of
the 1918 crop was sown singly at the end of ‘August last and the resulting
cultures examined. None of the plants bred true but gave rise to mixed
cultures, thereby confirming the occurrence of extensive natural crossing in
this crop. Variation due to crossing took placé in many obvious characters,
such as colour of the stem (whether green, intermediate or red), time of
flowering, habit of growth, size of leaves, amount of total leaf surface and
rapidity of growth. : ‘

The fact that the flowers of Java indigo only set seed when visited Ly

- bees is a detail of importance from the point of view of seed production.

For bees to do their work, the plants must be suitably spaced to allow’ of

! Deseription of Plate I. 1, aflowering branch of Java indigo. 2, a complete inflorescence,
8, aripe pod, 4, flower bud showing the relative position of the anthers and stigma just as
the pollen is liberated, B, o fully opened flower. 6, s sprung flower, 7%, the keel seen from

- above showing the projecting spurs and folds, 8, half the keel scen -sideways showing the fold

which keeps the young pod in place. 9,the position of the leaflets at midday. 10,8 leaf in
early morning. 11, the position of the leaflets at dusk. '
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branching and for a full supply of air and light to the flowems. Thisis
impossible in the case of indigo grown close together in the usual Bibar
custom.  Such closely grown plants do not branch and only form seed at
the tips of the branches where they get enough air and light to ensure
visits by bees. In the Pusa experiments, the plants were sown in lines,
two feet apart, and this was found to be a suitable distance for seed produc-
tion in the case of a erop grown in rich land.

Selection. In considering the question of selection in Java indigo the
following cirenmstances have to be kept in view :— '
1. Cross-pollination by bees is the rtule in this crop and little or no
setting takes place when the flowers are covered,
2. Any plant selected on account of the high indican-content of the
leaf is not likely to breed true but to give rise to all kinds of
offspring as regatds indican-content,

3. The crop, as ordinarily grown, consists of several distinct types
of plant, some of which grow much more rapidly and robustly
and carry far more leaves than the bulk of the crop.

These circumstances do not permit of the application of ordinary single
plant selection methods to Java indigo.! To obtain an improved plant
other methods must be applied. Advantage will have to be taken of those
individuals in the mixed crop which grow rapidly and strongly and which
by their habit of growth and amount of leaf-surface are likely to give the
highest yiclds of leaf. These will have to be grown scparately away from
other indigo and a process of roguing carried out before flowering time 80
that all undesirable types are weeded oat and not allowed to cross with the
rest. In a short time a type of plant will be isolated which will give larger
crops than the average, and it is exceedingly likely that the yield of
finished indigo will also be increased,

Resistance to wilt will also have to Le considered in obtaining an
improved indigo. The constituents of the ordinary mixed crop vary

1 In considering the improvement of indigo by ordinary wotbods it must be realized that
this implies hand-pollination throughout all stages of the pure-lino selection and breeding experi-
ments, an almost impossible task when it is remembered that each flower rets so fow seeds. The
- task of improving u character so difcult to estimate aud so clusive as indican-content would

not be worth the great labour and expense involved. Moreover, if self-sterility ocours, 88
_ Parnell states, the success of any such experiments would be exceelingly doubtful. Lastly,

even if such an improved type counld be produced its maintenance and the distribution of geed
to estates would offer insuperable difficultics.

}
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greatly in their resistance to wilt. By a second selection for wilt resistance
among the survivors of an improved leaf-producing indigo, a disease-
resisting strain could be isolated which would give still better results.
Work on these lines is bound to result in a better plant than the one now
grown in Bihar. _ '

That the method of improvement here advocated is likely to yield the
best results is supported by the experience obtained with the various
varieties of Sumatrana indigo. As is well known, there are several types
of this indigo which do not vary much in indican-content, The yield of
the Delhi-Cawnpore type however is much greater than the rest. This is
due to its robust habit of growth and to the fact that the total amount of
leaf produced is much greater than that of any of the other varieties.

Impro‘vementa in the growing of indigo.

A perusal of the reports on indigo investigations in Bihar shows that,
with the exception of the work done at Pemberandah, very little attention
has been paid to methods of cultivation. It has been tacitly assumed that
the practices in vogue are more or less perfect and that any line of advance
in improving the crop must necessarily begin in the laboratory. Our
experience at Pusa has been the direct opposite and we have found that a
considerable degree of improvement is easily possible. In the following
paragraphs a brief account is given of the experiments in progress at Pusa
on the growth of indigo and of some of the improvements in the manage-
ment of this crop which we have found can easily be applied under estate
conditions, _

Harrowing indigo in the hot weather. In one respect the present
methods in use in Bihar in the cultivation of Java indigo are exceedingly
defective. After the removal of the cover erop, the indigo fields are left to
bake in the sun ar}d the extremely tedious and expensive system of hand-
weeding is largely relied on to weed the crop. A study of the indigo plant
at this period indicates that two things—mulching and weeding—are
necessary immediately the cover crop is removed. 'A deep mulch of fine
dry soil must be formed on the surface to prevent baking by the sun and to
conserve the moisture in the subsoil and so enable the indigo to grow
during the hot weather. The best time to prepare the mulch is imme-
diately the cover crop is removed. The best method is by the use of lever
.‘harrov.vs which should be set to work in the fields the same day as the cover
erop is removed., For' a short time after the cover crop is reaped the

c
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surface soil is moist enough to enable a good thick mulch of fine soil to be
worked up by the harrows with the minimum expenditure of bullock power.
A fow days later the soil becomes baked and the labour and difficulty of -
working up a suitable mulch are increased. Besides conserving thé
moisture, the mulch promotes aeration of the roots of the indigo, & matter |
of great importance to the well-being of the crop. The offect of this .
harrowing on the indigo is most marked and the crop begins to throw ont';
new leaves at once and to grow in size.
There is another advantage in harrowing the young indigo. As is well R
known, Java indigo is a deep-rooted plant and so i not easily uprooted.

On the other hand, many of the weeds, which aro found in the fields ab -

this period, are shallow-rooted snd in consequence easily removed. By '
suitably adjusting the tines of the lever harrow it can be usod as & Weeder ,
as well as a mulch producer.

These lever harrows have been tried extensively on the Dholi estata for..

two seasons and Mr. Danby reports as follows on the trials (Letter, dated,

January 3rd, 1914) :—

. ar

“T meant to have written hefore about tho lever harrows. I had six 68
these lever harrows in use last year and I have ordered six more front'!
Messrs. Masscy Harris. e

“T harrowed practically the whole of my Java crop in February and'’
March last after cutting the cover crops—wheat and swrsoo. The ctop.
was greatly improved by the harrowing, besides which the wheat stubblé™
and weeds were to a large extent removed. T estimnte that the amownt'{
saved in weeding alone in the one year wus more than the price of the™
harrows. L

“1 put these harrows through some of my wheat and oat crope after’ ﬂn‘"
rain we had in November 1912 and the improvement in the crops wh‘ich\m’?
been harrowed was very marked when they came into car.” b

) o

We have no hesitation in recommending these lever-harrows for exfﬁﬂdéiﬂ
use on the indigo estates in Bihar, They were first introduced into h‘ﬁ’&
for the rads crop of 1911 and were shown at the Tirhut Agricultural Exlm.g
bition held at Pusa in January 1012, Wherever they have been tried singd .
the verdict has been uniformly favourable. At Quetta by their use the z4
yield of dry crop wheat has been raisad from five to over nineteen maundg g
to the acre on a plot three acres in area. The yield on zamindars' land g

dpring the same yesr was about five maupds to the acre. They can bpg

3
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used in Bihar for Java indigo in the hot weather, and also for breaking
paprs on young kharif crops, and also for rabi crops like oats and wheat.
They will take the place of the rakes used on indigo factories.

The best pattern lever harrow we have tried at Pusa is the one made by
the Massey Harris Company, Toronto, Canada, at a cost of 12:90 dollars.
This is the smallest size of two sections and is 9 feet 8 inches wide. There
is one difficulty however in importing these implements. The wooden parts
of small consignments of agricultural machines usually disappear during
the unloading process at Caleutta. This would be avoided by pooling the
orders sent by indigo factories and giving instructions to the shippers to
send out the wooden parts in suitable crates. A large crate would not be
8o likely to disappear as loose wooden bars which are suitable for mending
bullock carts and other domestic purposes. A

The Reduction of Wilt: A good deal of consideration has been given
at Pusa to the discovery of some practicable method of reducing the
amotnt of wilt among Java indigo when grown for leaf. Very promising
results were obtained during 1913, As is well known, the universal
method of growing Java indigo in Bihar is to sow it either broadcast or
by drills in lines cloge together. The result, in both cases, is a dense erop
of unbranched plants among which leaf-fall rapidly takes place due to the
crowding of the plants, thus leading to a loss of indigo, TFurther, inter-
culture to keep down weeds is impossible after the first cut. When the
crop is reaped, the indigo is cut down completely and the plant has to
produce new shoots during the monsoon at a time when its roots are in very
moist soil. Few plants will survive uninjured such treatment during the
month of July. When an indigo plant is suddenly cut down, the passage
of water and food materials from the roots goes on for a time and the
stumps bleed. There are-no leaves to carry on the transpiration eurrent and
the result is that the normal physiological processes in the plant are greatly
upset, It is not surprising therefore that the new growth is formed so
slowly and that it is often unhealthy. Many plants, such as peaches and
flowering creepers like Zpomea, usually die outright when cut down to the
ground during the rains and hardly ever recover.

It was decided in 1913 to try the effect of pruning the crop in July at
the time of the first cut and to compare the behaviour of plants treated in
this way with those cut down completely. To emable the crop to branch
freely the indigo was sown in lines, two feet apart, and weeds were kept -
down so as not to interfeye with free-branching from the lowest part of the

c
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stem, One half of the plot was cu$ down in the ordinary way, the rest
.pruned so that one branch was left at cutting time. The results of the first
and second cut are given in the following :—

Plants cut down

Plants pruned. complately.
m, 8. n. &
First cut . . . In 11 22 39
Second cut . . 23 37 a 19
Torat. . 89 S 29 18

It will be scen that the method of pruning at the first outting and
leaving a branch to carry on the growth has resulted, as was expected, in 8
material increase in the total crop. There is of courso somo loss in the
pruned plot at the first cut due to the branches left. This is however more
than made up for in the greatly increased second et on the pruned plot.

Not only was the total amount of plant increasod by pruning, but there was -

also a great reduction in wilt. Morcover, the pruued plants formed new
shoots more quickly than those which were cut back to the ground.

These experiments indicate that considerable increase of indigo per
bigha can be obtained by pruning the crop at the first cut so as to leave
a branch to carry on the growth. Pruning can only be done if the plants
are grown in lines soas to allow of branching from the base. The
raising of the crop inlines also facilitates surface interonlture after the first
cutting 80 as to kecp down weeds. Growth in lines will also tend to
prevent the fall of leaf which takes place in indigo grown too thickly and
which must lead to great losses of produce. Extended experiments on
this point are necessary 8o as to work out a practicable method of growing
the plant in lines and of obtaining the maximumn total crop. The distance
apart of the rows and the best methods of pruning can only be settled by
extended trials on the various indigo soils. Pruning the crop, as ordinarily
grown, Is not practicable as the plants are too close together and .do not
branch near the ground, no

Removal of the old Crop. - All the ‘experiments at Pusa show that
in years of ordinary rainfall, the plant ceases to be productive about the
time of the second cut, At this stage the young roots die, leaf-fall begins
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rop has finished its work and nothing
?.nd wiltin'g 30;:“ kt::zigp ]iatcfe(.)r ':2;3 co(:-Pfor a third cut. At the sec:lmd
1 to. be gaine | yts slfould be 'eut down to the ground and tl}e stumps ;lgs
P ﬂ:’:etli) l’J(lilelds can be got ready for a rabi erop. In this wa,yh weleft
- s]: ﬁ;ad 21 and the lands will not deteriorate as they do now .Wue;rﬁould
:;: sezg. Xvsvexpla,ined above (p- l(:l) :;ed-grov??eg ;ni:j?:-ggi(l)(\lvaa o
be regarded as separate things and the practic
uld be given up. o .
seedg::er Crfp.. (;)ne of the needs of the indigo mdtlxst:]); n:z :u;ﬁ;ua:l:
cover crop for the Java plant which will do well on theﬁ a(lll. ot
down to this crop. Some attention has befm pa,l.df;;v' B ::}iats e e
wheat which could be grown with indigo. }.Ilgh yle} ;ng e s e
guitable for this purpose as their foliage 1s. too thic a:n reac_}yling o
young indigo plants and allow of too little light ‘and air e e
What is required is a rapidly maturing wheat with a gtrong sn : ; -
will grow on light land which does not lodge and which has ,0 y' emal?
amount of feliage. ‘The selection, known as Pusa 4, has been growr ”
cessfully with Jaya indigo, and seed of this variety is now on the mar ; .
This wheat must be sown rather thickly at the rate of about 80. lb.s. to the
acre if dropped in the furrow behind the plough. Seed of the variety can
be obtained from the Dholi estate. -

IV.'- Summary.

 The é_onclusions reached in the present paper can be summed up as

follows :— o . wﬂﬁn

-1. The so-called ¢ disease’ of Java indigo, which- enqs in t!le g

, plant, is due to long-continued wetness of tl_xe gou. This wetness

o the destruction of the young feeding roots which is followed by leatt
l!:ldsa:::l then by the more or less complete wilting ‘o the plant.

9. For & time this wilting can be checked if the plants are pruned at

' branch. _ o
the firgt cut so as to leave & _
5 Pruning instead of complete cutting back at the first cut leads to an
increase in the total crop. o N
4. After the second cut in an ordinary'monsoox‘l indigo ceases to be pro
table and should be dug up to make room for rabi Cropse.
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5. The growth of indigo for leat and for seed should be regarded as
separate things and seed should not be raised from the old plants which
have been cut for leal.

6. The best method of obtaining good seed of Java indigo is to sow the
crop in lines about 24 inches apart in the middle of August on high-lying,
well-drained fields which are in good heart. After gathering the seed the
crop can probably be grown on for leaf during the next monsoon.

7. Java indigo is greatly improved and a good many weeds are removed
it it is harrowed as soon as possible atter the removal of the cover crop.

8. When wheat is grown as a cover crop an early maturing variety with
little foliage and stout straw gives the best results.

It now remains to outline briefly future work on indigo in Bibar. The
present paper is only a beginning, but enough has been written to show
that this crop will well repay investigation. Investigation should not be
confined to the Juva plant, but the Sumatrana species roquires attention.

~ The requircments of both kinds of indigo from the physiologicenl stand-
point - should be studied. 1t is not known with precision what part indican
plays in the general economy of the plant and how the various growth
factors influence its production. Work on this point would be certain to
lead to practical results.

Much remains to be done on the agricultural side and in the perfection
of improved method of growing the crop.  Speaking generally the standard
of agriculture in India is low and Bibar is no exceeption to the rule,

In the past, practically nothing has been done to improve Java and
Sumatrana indigo by selection and to work out a proper system of seed
distribution suited to Bihar conditions. The prospects of success in
improving Juva indigo by eliminating undesirable types are most promising.
So far no wotk has been done on Sumatrana indigo from the point of view
of improving the variety.

A suitable system of sced distribution in the case of both Juva and
Sumatrana remains to be built up. There scems no reason why, if sown in
August, Sumatrana could not be grown for seed in Bihar and the best
varieties should be maintained for this purpose. '
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DRAINAGE "AND THE PREVENTION OF LOSS OF SOIL BY
RAIN WASH. o

Our experience in growing crops in the Botanical area at Pusa during
last eight years has led to the conclusion that some system of surface
drainage combined with the prevention of loss of soil by rain wash is the
first condition in improving the crop-producing power of the soils of Bihar.
Without drainage, water-logging is bound to occur, while the annual loss of
fine soil that is taking placé every year on the large zerafs near - the indigo

~ factories: can basily be-appreciated when the fields are visited in the monsoon

during heavy falls of rain.

The subject of drainage and soil denudation was referred to in the
previous addresses to the Bibar Planters’ Association published in Pusa
Bulletin No. 33. This paper has been distributed to all members of the
Association. The losses of crop due to water-logging were shown to be
very great and in the experiments cited were over sixteen - bushels of wheat
to the acre in a single season. This ‘loss of crop was shown to be due to

. the destruction of available nitrogen in the soil by water-logging, probably

caused by denitrification. It was also pointed out that green-manuring
with sanai only gave uniformly good results on high lands which had been
drained and that water-logging after the sanas crop was ploughed in often
reversed the effect of the green dressing and led to a smaller crop than that
produced by unmanured land. A method of surface drainage by means of
trenches and grass borders was described in detail and great stress was laid
on the importance of splitting up the rainfall into units and allowing each
plot to deal with its own rain only. Lastly, the importance of this system
of drainage in preventing the loss of fine soil was emphasized in the follow-
ing words:— : : !

“ The experiments on surface-drainage at Pusa have demonstrated a
further point in the improvement of the high lands in Bilar to which I
should like to direct your attention. This is the prevention of surface wash
or the removal of the fine particles of soil by the rain-water which runs off
these fields towards the rice lands.  Whenever the slope is great enough for
water to move, this wash is going on and is one of the factors responsible
for the destruction of the fertility of the high lands. On the plots at Pusa
the grass borders tend to prevent the loss of the fine particles of the soil by
surface-wash, Consequently, the lower ends of the p}I;:ts are getting higher
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every year and the whole surface tends to become more and more level,
The inercase in height of the lower arcas represents the amount of soil that
would have been lost by rain-wash had not this been checked by the grass
borders,  Further, the lower ends of the plots which have received the
surface-soil from the upper areas are yearly increasing in fertility. The
fine s0il is now being held up and this increases the water-holding capacity
and fertility of the soil very markedly. If these effects can be obtained in
three years in plots one acre orless in urea with slopes imperceptible to the
eye, it requires no great imagination to realize what must be taking place on
the large fielde surrounding indigo factories. The unnual loss of fine soil
must be enormous and its prevention by the simple method of drainage
advocated last year will repay the cost and trouble involved, Further, the
fertility of the land will be improved, water-logging will be checked and the
introduction of green-manuring with senai and other crops into the general
agricultural practice of Bihar will be aceelerated.”

_ Since this Bulletin was written the system  of surfuce-drainage adopted
in the Botanical area ut Pusa has been taken up on two estates—Doulutpar
and Dholi. At Doulutpur, the zerats have been divided into plots one
bighu in area, separated by drainage trenches, the small trenches communi-
cating with larger ones which act as small drainage canals and carry off the
excess water,  On this estate the system is being extended at the rate of

about vne hundred bighas & year and this centre will serve us & good object

lesson for other estates where it is desired to rent the fields to small cultis
vators, The bigha plots ensure good drainage and also allow of successful
green-manuring with sanas for crops like tobacco, Further, the bigha plots
enable accurate records of the crop-producing power of the land to be kepb
and ulso suve much time in measuring the land and also in allotting it to
the selected tenants.

Oun the Dholi estate, the plots are larger so as to admit of the use of
reapers and other labour-saving devices in the cultivation of wheat for seed
purposes.  This system of plots, cach about five bighas in urca, i8 suitable
for estates which cither cultivate their zesats or let out the land to well-to-do
raiyats who require areas of more than one bigha. Mr. Danby, ina letter
dated January 3rd, 1914, gives his opinion on this system of drainage as
follows : —

“ During the past year I have applied the system of surface-drainage to
some 40 bighas, and I intend to extend it to the whole of my factory seraés
here and at the outworks. The lands which I drained in this way this year
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were formerly, in a wet year, more or less water-log:g.ed t¥1e whole of t»h'e
rains owing to the water from the higher lands draining into them.. This
year T was able to cultivate and keep them clean all through the rains, m}d
even after the late rains which we had this year I was able to sow wheat in
them before the end of October.” .

One great advantage of a system of drainage in the hea,vie.r lowlylng

lands in Bihar, referred to in the above letter, should be empha,snzed.. This
is the ease with which these lands can be kep.t free fl'OIfl weeds durmg th_e
rains and put down to rabé crops in good tu{le. As is .well known, it is
impossible in Bihar to keep ordinary undrained lowlying fields clean by
surface cultivation alone during a heavy monsoon on account of t.he fact
that the soil is for long periods of time too wet for any form of cultlva.tm.n.
Further, at sowing time, such lands are not dry enough to b(? ploughed till
late when the difficulty of reducing them to a good t:llth i8 very grreat.
Mhese circumstances greatly lower the value of lowlying 'lands. 'V\ hen,
however, these lands are drained and have t? d.eal .wnth . their own
rainfall only a great change takes place. C.ultwatlon is easily I.)osmble
during the rains while they can be prepared with comparative ease in good
time for sowing rabs crops. Once dra.infad these heav): lands give large
crops year after year without manure, It is no exaggeration to say that the
value of lowlying, heavy lands in Bihar, which are capable of drainage, can
be doubled by the system of surface drainage we have advocated,

The value of this method of drainagein preventing the loss of fine soil
by surface wash is now very evident in the Botanical area at Pusa. The
process of natural terracing, which gradually takes place, is now well
marked. The lowerends of the plots are now considerably raised, in some
cases as much as 6°5 inches in four years, This raising of the Jowest ends of
the plots represents the deposition of silt by rain wash carried from the
upper areas of the fields. What was once an even surface is now becoming
a series of terraces, Had the fields not been cut up into sections much of
the deposited silt would have been carried away by surface wash to the rice
lands below, and so lost. Several measurements of the rige in the levels of
the lower sides of the Pusa plots since 1909 have been made. In plot I of
the Northern Trial Ground, which slopes from south to north and is 94 feet
wide, the rise on the north side amounts to 6:5 inches. Similarly in plot 2
of the Pentagonal Field, which slopes from north to south and which

is 194 feet wide, the south side has been raised 45 inches in the last four
ye&l‘s. »
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In order to carry out this system of drainage in practice a drainage
map is essential.  This can best be obtained by following the system
eriginally devised by Sir Edward Buck in 1870 when Settlement Officer in
the Farrukhabad District. This consists in marking on an ordinary map
the directions in which rain water runs off the land. This enables the
drainage lines to he determined far more easily and cheaply tlmn by any
system of taking levels. :
Conclusions. The first condition of progress in any scheme of improve-
ment in the crop-producing power of the soils of Bihar is a system of surface
drainage by which each field deals with its own rainfall only. In this way
all lands are benefited. On high lands, green-manuring with sanas can be
carried out with safety while the cultivation and crop-producing power of
lower lands are materially increased. The Pusa system of draimege also
brevents the denudation of the soil by rain wash and the loss of fine particles
which are now carried away every year from the high to the lowlying areas.

The cost of this system is small and is well within the means of any indigo
estate or zumindar.
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GREEN-MANURING WITH S84 N4I IN BIHAR.

A supply of organic matter in some form is essential to the maintena.mce
of the fertility of the high lands in Bibar. If the humus in the soil of
these lands is allowed to run too low, the fertility falls off and the fields
are unable to retain enough moisture to ripen off a rabi crop. This is the
reason why the high lands respond so markedly to applications of i_ndigo
seoth, to farm-yard manure and to various oil-cakes. To a less extent a
rahay crop, which adds by the fall of its leaves and flowers a good deal of
organic matter to the soil, also improves the fertility of these lands. With
the diminution in the cultivation of indigo the supply of seefZ is now
insufficient for the higher lands. Some seefh substitute must therefore he
looked for, and our experience at Pusa proves that a green crop of sunai
ploughed in during the monsoon is a valuable substitute for indigo seetk.

The earlier results obtained with sana¢ in the Botanical area at Pusa
have been published in the dgricultural Journal of India (Vol. VII,
Part I, 1912). This work is also referred to in Pusa Bulletin No. 33. 1In
the case of tobacco, the experiments showed that two conditions are essential
for success in ploughing in sanas as a green manure—drainage and time.
Green-manuring should only be attempted on light, high-lying lands which
are well-drained so that each field has to deal with its own rainfall only.
Soakage from other areas after the green crop is put in leads to great loss
of fertility and often to a yield below that of unmanured land. Tke #ime
of plonghing in is everything. 1In 1910, we recommended July 15th as the
best date for turning under the sama: for the succeeding tobacco crop.
Subsequent experience has confirmed this. Tobacco is usually transplanted
about the middle of September, so that there is a period of two months for
the green crop to decay and for a portion of its organic matter to be trans-
formed into a form which the tobacco crop can take up. We found in 1909
and again in 1910 that if, for any reason, the succeeding crop after sama
is planted late and the period of two months became three to three and a
half months, then the value of the green crop is lost and the available
nitrogen in the soil disappeared.

During the past year we have obtained further confirmation of our
original recommendations. An even plot of light, high-lying, drained
land in poor condition was green-manured with sazmas for tobacco and
divided into three plots. In the first plot the sanas was ploughed in
on July 15th, in the second on August 7th, andein the third on August
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28th, Cigarette tobacco (Type 28) was planted into all these plots on
Sefftember 26th and 26th, the plants being set out 30 inches apart each
way. . The dates of suwing and ploughing in the senas were as follows <—

Sanat sown. Ploughed sn.
Plot 1 . . . May Isth, . July 15th;
. Plot 2 . . . June 15th. August 7th,
Plot 3 . . . June 30th. August 28th.

S()'wﬁf in ‘this way the amount of green manure ploughed in in all the
plot's" was practically the same. .

. The results of the expcument were very striking.  The tobaceo in
plot 1 grew very mpully from the beginning aud has given the maximum
crop- that can be grown for cigarettes. Plot 2 is not so good while plot 3
is poor. The results ar¢ shown in Plate 11, In ull threc cascs the
photegrphs were taken at the same distance from the camera.

These expertments again cruphasize the smportunce of time in plouglnng
in"thg-green crop. Any period less than two months i too short for the
green manure to decay, We have already shown that after two months
there js a loss of fertility following green-manuring. Sanas gives the best
zesults when put in about two months before the next crop. . 1t is of course
& counsel of perfection to say that all same: must be put in on-a certainday.
This is:naturally impracticable under estato conditions, There is of course
wome_latitude, and it would be a-good rule to lay down that sanai-for
tobacco should be put in between July 7th and July 2lst. Anpy. crop not
put.iw.on July 21st should b ‘cut then and loft on the ground. Our experis
‘ments this year showed that sanai decuys faster, if cut and:allowad:to
wither a few days on the moist soil before being ploughed in, than.if pub
under green.!

Oonelusions, The experiments with sanai as a green manure for tobaoco

mthaBotanienl area at Pusa have led to very definite conclusions. Drainm
uéuentml lor ‘success . with greenmanumonthehxghlands 'l‘he

e s L e ——

3 Tol;tcao is & very suitable crop for cxpenmentn wnth green manures. In the . firs place,
B is o excelleit soil-analyst and gives most accurate indications ‘of tho smount of available
‘it“’@n in the soil. In the second place, it can ‘take up large quantitios of availuble mtmgel
to'-advhnthige as it is grown for leaf and not for seed, 1In crops like wheat, o the ofher hand,
a Isrge.amonmt of syailable nitrogen leads to rank growth which s ‘then " not oiily more lisblé

tmlpdgo but also more liable t rust sttagks, e

-
PLATE IL

saN sLOUGHED 1 D

28 AUGUST -

Y BAM PLOUGHED 1M

7 aucGusT

SAN PLOUGHED IN

15 JuLy

TOBACCO GREEN.MANURED WwiTH SANAL »
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sanar should be sown on the early rains in May and ploughed in as
near July 15th as possible. Where large areas have to be dealt with the
period from July 7th to July 21st would be suitable. Any crop lett on July
21st should be cut at once, left on the surface and ploughed in as soon as
possible. To get the maximum benefit of the green crop the interval between
the ploughing in of the sanas and the transplanting of the tobacco should
be eight weeks. A longer or a shorter time leads to loss,

Pusa,
January 17th, 1914.
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SOIL VENTILATION.

I. INTRODUCTION.

“HE need of a plentiful supply of air for all growing parts of plants
’] is well known. All living plant cells respire just as animals do,
and, in the process, use up oxygen and produce carbon dioxide as a waste
product. Air is therefore necessary for that part of the plant, the root.
system, which is below ground. This fact is well known, but the impor-
tance of continuous gaseous mterchange between the soil and the atmo-
sphere during the growth of a crop is not always sufficiently recognlsed
This is particularly the case in a country like India, where water is so
often all important and a frequent limiting factor in crop production.
The necessity for irrigation, the attention paid to dry farming methods
and. to water conservation, all tend to concentrate the attention of the
mvmtor on questions relatmg to water and, at the same time, to.
obscure the importance of the air supply of the roots.

In the alluvial soils of the Indo-Gangetic plain there are several
circumstances which tend to make gaseous exchange between the soil
and the air difficult. The particles are for the most part fine and do not
differ much in size. Natural aeration is not promoted by this unifor-
mity and fineness in soil texture, while on drying, these soils do not
crack to anything like the same extent as the black soils of Peninsular
India. In some places, such as Pusa, the alluvium contracts on wetting,
a circumstance which adds greatly to the difficulties of natural aeration.
In the soils of the plains, ventilation is further interfered with by heavy

rains which compact the surface, by surface flooding during irrigation
and sometimes by inundation from rivers.

Some examples of: damage to crops, attnbutable to want of air in
the soil, are described in the present paper. These effects are most
marked and in general simulate the results obtained with plants when the
supply of nitrogen is deficient. In certain cases, the manifestations are
still more pronounced and are often regarded as definite diseases. To
this latter class many csses of wilt belong, Much of the want of
success in crop-productxon in some parts of India is’due to deficient soil
aeration, and this is particularly the case in North Bihar, where want of
air causes much more damage than want of water. The improvement of
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agriculture in this tract, and probably also in other parts of the alluvium,
will turn on successful methods of supplying air to the soil without at the
same time unduly reducing the moisture. The aim must be to regulate
the balance between air and water in the soil by methods within the
means of the best cultivators.

A clear presentation of the relations between the air supply in the soil
and root development is not often to be found in the literature. A
great deal of emphasis is laid on the functions of the roots and on the
part played by the root hairs in absorbing water and food materials. The
needs of the active cells of the root itself are generally ignored. There
is, however, one well marked exception. In Sorauer’s  Popular Treatise
on the Physiology of Plants, occurs an excellent account of the needs of the
root, in relation to practice, in which great stress is laid on the necessity
of constant aeration, and of continuous gaseous interchange between the
atmosphere and the soil.  During growth, the oxygen in the soil is not
only drawn upon by the protoplasm of the root hairs and of the other
active cells of the root, but, at the same time, the proportion of carbon
dioxide is greatly increased. This gas is given out by the growing cells and
is also produced by the decay of organic matter. Many of the soil bacteria
also need free oxygen and besides increase the amount of carbon dioxide.
Unless copious ventilation takes place, the supply of oxygen will be
exhausted and, at the same time, the soil air nnd.water may become
charged with carbon dioxide to such an extent that a .pOiSODOUS
atmosphere for the roots is produced. Growth will stop for two
reasons. In the first place, there will be no air for the working cells of
phe root and they will die of asphyxiation. In the second place, there
will be direct inhibition due to the presence of large quantities of
carbon dioxide which Sorauer' states is a poison for roots.

The direct influence of aeration on the development of the root
system has recently been investigated by Hall, Brenchley and Under-
wood.? ‘These investigators found that in nutrient solutions, diffused
over solid particles of various grades, far better root development and
far better growth were obtained with silver sand and kaolin than with
fine sand, silt or in water culture only. Want of acration was suspected
as the cause of the poor root development in the case of fine sand and
silt and the correctness of this supposition was proved by direct water
cultures of barley in solutions aerated once a day and aerated continu-
ously. Continuous aeration gave much the better root development
and also the better growth of leaves and stems.

' Sorauer, Handbuch der Pflanzenkrankheiten, Bd. 1, 1909, p. 99.
? Jmu_'. of Agr. Science, Vol. V1, 1914, p. 207,
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Tn the case of leguminous plants, an adequate supply of air for the
root i3 even more important than in other crops. As is well known,
these plants are provided with special root factories (nodules) ir which,
by means of bacteria, atmospheric nitrogen is worked up into complex
nitrogenous substances which the plants can use as food. Both oxygen
and nitrogen are essential raw materials for thesefactories and must,
therefore, be provided if these plants are to thrive. This can only be
done by efficient soil ventilation and by the provision of ample means of
gaseous interchange between the soil and the air.

During the last nine years, a large number of observations on soil
ventilation in India have been accumulated by the writers. These have
been made for the most part at Pusa in Bihar, at Lyallpur in the Punjab
and also at Quetta in Baluchistan, at all of which places opportunities
of gaining first-hand experience in the cultivation of crops have been
obtained. In addition, advantage has been taken of many tours, n
the plains and in Central India, to study the cultivation of Indian
crops under widely differing circumstances. In many cases, results
have been noticed which are most easily explained by the want of
an adequate supply of air in the soil. The present paper thus contains,
not only direct experiments on’soil aeration, but also a good many ob-
gervations on matters dealing with ventilation, which have not yet been
fully investigated and in which at least two factors—oxygen and carbon
dioxide—may be involved. Much detailed investigation of the gases
in the soil as well as numerous direct and accurately controlled experi-
ments on the plant itself will be necessary before a full explanation of
the many results of want of soil ventilation can be put forward. While
the detailed scientific explanation of the case is not absolutely complete,
there is no question as to the reality of the main facts themselves and of
their bearing on crop production. A large amount of progress can be
made at once in Bihar, in Baluchistan and possibly also in many tracts
in the plains, by increasing the air supply in the soil These
methods are indicated, partly in the present paper and partly in a paper,
now in preparation, on soil erosion and surface drainage.

One objection may possibly be made to the present presentation of the
facts, namely, the small number of direct experiments of a laboratory
kind, such as are most usual in papers on Agricultural Science.: The con-
clusions reached have been obtained, for the most part, in another way,
namely, by long continued and almost daily observations on the growth
of crops combined with much reasoing and thought on the phenomena
obser'ved. The knowledge which comes from continuous contact with
growing plants is of course not of the same order as that which may be
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called “ test-tube evidence,” but we venture to think that, rightly used,
it is of the greatest value to the investigator and can be employed in
advancing crop-production. After all, it is on this kind of evidence
that the greatest advancesin British Agriculture have been made, both
as regards crop-production and in the improvement of stock. It is the
method used by the older naturalists, such as  Schimper, with results
which are known to all. Tt is allowable for an experiment station
worker to acquire an intimate knowledge of the growth of plants and
to use this information in advancing Indian Agriculture.

II. OBSERVATIONS IN BIHAR.

1. The agricultural factors in Bihar.

The agricultural factors in Bihar are, to a great extent, similar to
those which obtain in most of the region known as the GGangetic alluvium.
An account of the most important conditions of erop growth at Pusa in
Bihar will therefore serve to illustrate the limits imposed by the seasons
over a very large area of Northern India. Local modifications natu-
rally exist, but, taking a broad view of agriculture in the plains as a whole,
the sequence of climatic changes, at any one station, applies generally
to the whole region.

The chief agricultural factors in Bihar are—rainfall, temperature,
humidity and eoil. In the following, these factors are dealt with gene-
rally, and Pusa Ras been selected as an example as regards the actual
figures relating to rainfall, temperature and humidity.

Rainfall. The bulk of the rainfall in Bihar falls in the months of
June, July, August and September. The precipitation, however, is
hardly ever regular during this period. Almost every year there are
one or more heavy bursts of rain during which as much as twelve inches

" may fall in twenty-four hours. Sometimes, a succession of these heavy
falls occurs in the same month when the total may easily exceed twenty-
five inches for this period. The onset of the rainy season is sometimes
irregular and the monsoon may not begin till July. Breaks, of irregular
length, also occur during the rainy season while its termination shows
as much unevenness as its inception. The vagaries of the Indian mon-
soon are well known, and, in the irregular and uncertain distribution of
rain, Bihar participates though not to 8o marked an extent as the regions
of the Qangetic plain to the north-west. Therainfall at Pusa for the
last five years is given in Table 1 as well as the monthly averages for this
period.
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TABLE 1.
Rainfall at Pusa during the years 1910-14.

Month. 1910. | 1911 | 1912 | 1913. | 1914, lAvefa'ge.
January . . . . 0-01 0-27 013 0:00 0-00 0-08
February . . . . 0-02 000 0-11 1.44 097 0-51
March . . . . .| 007 057 os0 | 043 | o011 | o039
Apiil . . . . .| 014 | o044 | 118 | o0l | 194} o074
May . -« o« .| 04| 033 314 | 700 186 | 255
June . .« e .| Tas | 1179 | 461 | 1771 | 421 | 916
July . ... .| 934 ' 921 | 1448 | 1022 | 1010 | 1060
August . . . .| 688 | 1708 | 963 | 1857 | 2883 | 1638
September . . . . 3:70- % 809 333 817 613 588
October . . .+ .| 416 lr 313 | o016 | 107 | o009 | 172
November . . . . 014 ‘ 0-71 4-03 000 0-00 0-98
Deoember . . . . 0-00 : 0-00 0-00 113 003 023

|

ToraL .| 3233 | 5252 | 4160 | 6575 | 54-33 | 4931

t

Besides the monsoon rainfall proper, falls often decur at the end of
September and the beginning of October. These are known as the hathia
and are of great local importance in connection with the sowing of the
cold weather (rabs) crops. A certain amount of rain also falls during the
cold season and it is not uncommon to have rain in February during the
ripening - of the rabi crops.- Storms, often from the west, may oecur
during the hot season, particularly after long continued east winds, and,
about the end of May, there i3 sometimes a well marked fall, known as

_the small monsoon (chota barsat), advantage of which is taken to.sow

maize and other monsoon (kkarif) crops. ,

Looking at the monsoon in the plains as a whole, the total rs,ihfqll
decreases in amount from Lower Bengal to the west of the United Pro-
vinces.. With the diminution in total precipitation, the irregularities

" in distribution also become more marked so that, in most of the United

Provinces, the crops are insured by some form of irrigation—by wells-in
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Oudh and by canals in the Western Districts. The supply of moisture in
the soil in most of the submontane regions of the alluvium is however
adequate, partly because the rainfall in this tract is better distributed
and more certain, partly owing to the fact that the subsoil water is
comparatively near the surface and partly to the fact that the soils of
this tract arc somewhat heavy and retentive.

Associated with the rainfall are changes in the position of the under-
ground water-level.  When the monsoon begins, the level of water in
the wells and rivers is at its lowest.  As the rains proceed, the rivers
fill up and there is a general rise in the water-level which is shown by the
upward movement in the wells.  This rise in the general water-level is
naturally most pronounced towards the delta of the Ganges, but it is
also very well marked in Bihar. In the rain-inundated areas, and in
Bihar in years of flood, the level of the ground water ixonly a few feet
below the surface of the highest lands.  This rise of the ground water
must affect the soil atmosphere and must slowly drive much of the
soil air past the roots of the growing crops into the free atmosphere.
In cases of sudden inundation in the monsoon, caused by the bursting
of embankments, the loss of air goes on for some time until the whole
of the soil is completely waterlogged. As the monsoon expires, the
water in the rivers subsides and, at the same time, there is a general fall
in the level of the ground water. By the middle of October, this fall is
well marked and the process goes on till the hot season in March and
April when the rivers in Bihar reach their lowest point. This movement
of water must cause a continuous indraught of air into the soil to fill up
the vacant space and thus there s for rabi CTOps & continuous passage
of air past the roots of the crops into the decper layers of the soil. These
movements of the soil water therefore tend to promote the aeration -of
rabt and to decrease the air supply available for monsoon crops.'

Temperature. Irregularities in temperature, similar to those in
rainfall, oceur in Bihar as well as in other parts of the plains. There is,
however, a general well marked sequence of events. In  Bihar, the
temperature rises rapidly early in February and this continues daring
March, April and May till the rainy season sets in in June. The rubi crops
ripen under a rapidly ascending temperature and, at harvest time, high
winds often blow from the west when the humidity of the air rapidly
falls, All surface rooted crops are soon dried up and only deep rooted

! Besides the movements of the ground water, the aeration of the soil depends on other
factors such an expansion and contraction due to changes in temperature, evaporation
of soil moisture und changes in the barometric pressire,

SOIL VENTILATION 1

crops, like indigo and established trees, are able to grow during this
period without artificial irrigation. During the monsoon, the maximum
temperature falls far below that of the hot season, but, at the same time,
the minimum temperature rises, a fact which confers on the climate of
this period its well known attributes. In October, the temperature
begins to fall and this process goes on till January which is the coldest
month of the year. The average maximum and minimum tempera-
tures during the year at Pusa are shown in Table 2.

TABLE 2.
Temperatures at Pusa during the years 1910-14.
Month. 1910. 1911. 1012, , 1913. ' 1014, AVERAGE.
Max. | Min. | Max. [ Min. | Max. | Min. | Max. l Max.. Min.] Max.| Min.
January . . | 738 458 748 51-2) 738 492 751 2, 751 482] 745 481
Vobruary . . | 808 488 725 487 812 530 774 52 7l 793 527 782 .i‘m-z
March . .| 906 582 862 590 902 668 864 571, 881 589 B8B83 580
»
April . .| 100-2| 687 982 688 921 7.9 1027 705 035 66-7] 973 u68-5
May . . 99-9| 735 996 73-5| 980 745 96°6 7%4] 97.3] 746] 08:3(Y 745
|
June . . 038 72| 925 774 968 76-9| 894 752] 083 77 04:2| : 771
July . . 8e-7l 77| 9210 781 8es| v7-8l 91.8 784 91.2/ 78 008§ 780
August . . 90-4] 792 895 77-7| 008 v4-8 89O 777 888| 77 80-8) 774
September . 90-1] 78:3f 889 76'6] 91-9] 754, 897 766 012 76 90-4| 768
October . 881 70-8] 8771 71-4] 91-2| e60-1: 879 699 889 @6-4] 88& 695
November . 81+ 586 79-8 581 804 574 821 557 84.3) 56:3] 81-6] 572
Deoember . 753 481 734 48'1‘ 74A3L49-4l 73:2| 49-9 77'81 48-6] ‘748 488

Besides the hot season from March to early June, temperature in-
fluences production markedly at two other periods. The cold weather
crops like wheat should not be sown till the temperature of the soil has
fallen sufficiently to prevent harm being done to the seedlings. In
the very cold weather of December and January, the fall in temperature
affects the rate of growth. The shortness of the days at this period and
the frequent foggy weather also assist in checking growth.

Humaduy Generally speaking, the humidity of the air in North
Bihar is high, particularly during the monsoon and till the cold season
has set in. Heavy dews occur whenever the range of temperature
favours their formation except in the hot season after a succession of

dry west winds. The figures showmg the average’humidity are given
in Table 3.
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TABLE 3. .

Humidity at Pusa during the years 1910-14.

Month, : 1000. | 1011, 1912, 1013, | 1914. A‘verage.
January . . . .| 802 | 008 023 w82 016 | 908
February . . . .| 167 787 82-8 87-7 83-5 819
March. . . . .| 606 | o62 596 617 610 | 620
April . . . . L0 o837 | o570 ewl sie | os2 | 891
May . S . .| 643 698 0.4 674 %09 686
June . . . . .| 8l2 805 788 sos | 737 | 802
July . . . . .| 883 | 82 " w5 0 se3 | seo | ses
August .« . .0 sse | 008 870 882 | o013 | 884
Septembor . . . .| 870 88-4 B2:2 883 83-5 . 86-0
Ootober . . . .| B4l | 871 05 . 849 | s0@ | 827
November . . . .| 837 | 880 841 ; 863 | 844 [ 851
December . . . .| 863 019 , o8 | 91-2 871 :soo

Soil. In extensive alluvial plains, like those of the basin of the Ganges,
there is naturally not the same range in soils as on many other geolo-
gical formations. Such differences in texture and physical condition as
exist are, for the most part, associated with position. The high- lymg
lands are usually lighter and opener in texture than the heavy soils in
the low-lying areas which often grow rice. These differences are largely
bound up with the loss of fine soil- partlcles which is going on continually,
not only in any one area, but also in the (Gangetic system as a whole.
Locally, fine soil is being washed from the high-lying lands and deposited
in the low rice areas. In this way, the rain washed areas tend to become
light in texture while the heavy condition of the rice fields is maintained.
Looking at the plains as a whole, a vast amount of fine silt is carried
down to Lower Bengal by the Ganges and deposited in the deltaio
regions in the form of new land, which, after many years, becomes culti-
vated and grows uncertain crops of rice. This enormous transfer of
fine soil by the (Ganges and its tributaries from the area drained by this
river represents a great loss of agricultural capital and is a great drain
on the natural resonrces of the country.!

T This economic drain can be prevented by methods well within the means of the

tyot. These are described in Bulletin No. 53 of the Pusa Iustitute on Snil-erosion
and eurface drainage.
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In Bihar and the newer alluvium in Bengal, the distribution of crops
depends for the most part on position. The low lands are in rice, while
the high lands, which are often marked by lines of villages, carry crops
like tobacco, rahar (Cajanus indicus), barley, wheat, maize and numerous
millets, turmeric, castor oil, chillies and Java indigo. Mangoes and
other trees are also confined to the high lands. A journey across the
country in Bihar, at right angles to the rivers, would carry the traveller
across successive low-lying rice flats, alternating with slightly hlgher,
broad ridges, covered with the above-mentioned crops and interspersed
with mango groves and villages. The surprising feature of this regular
diversity is the small differences of level between the rice flats and the
ridges—differences of level of more than four or five feet being rare.

2. Plant growth in Bihar.

A brief account of the main phenomena of growth in Bihar is neces-
sary before the reader can fully understand the agricultural bearing “of
the special cases dealt with in the following section. It will be con-
venient to deal with the general manifestations of growth under three
heads—monsoon crops, cold weather crops and trees.

Monsoon crops. The sowing of kharif crops, like maize and millets,
is always made as early as the rains permit. The ryot never waits
but sows the moment sufficient rain has fallen to ensure the establish-
ment of the seedlings. -If the rains are late, the crops ate often sown in
the dust and the seed left to germinate when the first showers fall. "If
gowing is deferred till the rains have well set’ in, the results are poor

and the late sown crops always fall far short of those sown at the openmg
of the monsoon,

~ As a rule, monsoon crops give the best results if the rain 18 Well dlS-
tributed and is below the average. A succession of heavy falls is parti-
cularly harmful, while the rise of the ground water nearly to the surface,
in years of long continued and heavy rain, checks growth almost en-
tirely. In flood years, most of the inundated crops are completely
destroyed '

The surface skin (papri) which forms after rain in the monsoon,
checks growth a great deal. This surface crust is broken up as far-as
possible during the early rains, with immediate benefit to the crops,
but, as the monsoon progresses and the falls increase in volume and
frequency, the whole of the surface soil becomes wet and compacted,
often for long periods. In such circumstances, surface cultivation ¢an-
not be attempted, as the land is too wet, and the crops suffer. .In
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general, it may be said in Bihar that want of air in the soil does infinitely
more harm to kharif crops than want of water.

Cold weather crops. The temperature of the soil appears to be the
factor which really regulates the xowing time of rabi crops. As soon as
the land has cooled down sufticiently, these crops are sown and there is
great risk in sowing too early, particularly in the case of wheat. Early
sown wheat often rots after germination due to the heat of the soil.!

The greatest damage of all is done to rabi crops by the formation of
surface crusts by rain.  The plants soon stop growing, and, if the crust
is well developed, they turn yellow and take on a characteristic starved
appearance. Immediately the papri is broken, either by hand or by
lever harrows, an immediate improvement takes place, the yellow tint
changes to dark green and rapud growth is resumed. Surface crusts
formed by rain in February are very harmful and always interfere with
the ripening process. The best crops have been obtained at Pusa
when no rain has fallen between sowing and harvest. It is natu-
rally not possible to break the late papri in the case of ripening crops
like wheat or barley and thus the supply of moisture and of soil air
falls off before the grain has fully matured.

The most important point about rabi crops like tobacco in Bihar i8
that most of the growth has to be compressed into a period of six or
seven weeks. By the end of October, the seedlings are established,
while, about the middle of December, the fall in temperature begins to
check growth. There is thus a period of six weeks for growth, and,
provided the soil is in the right condition, the rate of growth during
this period is prodigious.

Trees. The beginning of the hot season is one of the greatest periods
of growth in the case of established trees. The cold months of Decem-
ber and January are a resting period for most trees and leaf-fall is common
in January. The rise of temperature in February is at once marked by
the formation of new leaves, shoots and flowers in the case of many
trees. This rapid growth goes on well into the hot weather. Another
period of growth coincides with the early monsoon phase, but, after the

1 The importance ot the sowing rains (hathia) in Bihar appears to depend more on
their cooling cffoct on the soil than on the actual moisture added to the land. In 1914
when the hathis failed in Bihar, and when the rains ceased carly over a large area of
the Gangetic alluvium, there were numerous references, in the crop reports, to the
damage done to the young wheat by white-ants and heat.  This was probably caused,
in the first instance, by the crop having been sown in too warm a seed-bed. This
raises the question of the more extended use, in such seasons, of irrigation prior to sow-
ing for the purpose of couling down the soil low enough for the wheat to thrive. At
Pusa this year, the land was exposed for a few hours, by means of iron ploughe, bofore
sowing, B0 that the soil cooled by the evaporation of some of the ~moisture. The
rerults were beneficial and no wheat was lost by heat or white-auts,
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rains are well established, and the level of the ground water has risen
considerably, growth slows down. This result is certainly curious for
all the factors of growth seem to be present but nevertheless little or no
growth takes place. When the monsoon has ceased, when the level
of the ground water has fallen and the surface soil has dried a little,
growth begins again in October and goes on till the temperature begins to
fall in November. The almost complete cessation of growth during
August and September coincides with the falling off of gaseous inter-
change between the soil and the air. At this period, the subsoil water
has risen to about its highest point, the surface soil has become exceed-
ingly compacted by heavy falls of rain, cultivation is impossible, as the
ground is too wet and the whole of the upper layers of the soil have
become waterlogged. Thereis no adequate air supply for the roots and
exchange of gases between the air and the foil is difficult. All growth
tends to become arrested. Further, all vegetation at this time takes
on a very unhealthy appearance. A change takes place as soon as
the subsoil water falls and ventilation is possible. Active growth is
resumed which goes on till the fall in temperature brings about
another resting phase.

3. The relation between soil-ventilation and agricultural

operations.

Many examples, illustrating the importance of air in the soil, have
accumulated at Pusa during the past nine years. As far as practicable,
these have been grouped together, and, whenever possible, the agri-
cultural bearing of the observations and experiments has been indicated.

Manuring. In considering the manuring of the alluvium of Bihar,
the structure of the soil must be borne in mind as well as the demands of
the plant for inorganic food materials. The most favourable structure i
of a soil for crops is one which is not too loose to retain the water which
is necessary for growth and yet is not so close as to have its pores so
filled with water, under normal conditions, as to prevent the access of
the necessary amount of air to the roots. The ideal condition of a soil
is one which can be described as highly porous and in which the greatest
amount of food materials and water can be retained without losing the
capacity for absorbing air.

In the close Bihar alluvium, any system of manuring is of little
value unless the porosity of the soil is increased. This is a much more
important matter than in England where many of the soils contain a
wide range of particles and are naturally highly porous. The best
means of producing this condition in most soils is by the addition of
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stable manure which increases the pore space and also promotes rapid
gaseous interchange with the atmosphere. Unfortunately in Bihar,
the amount of farm-yard manure is small ax most of the straw is used
to feed cattle while the dung is burnt ax fuel. On this account, indigo
sceth is of particular value as by its use not only iy the soil manured
with vegetable matter, in the proper condition for rapid decay, but, at
the same time, it is rendered much more porous. The air supply of the
roots of the growing crop is increased and the soil bacteria are provided
with abundant oxygen. Seeth is & far better manure for tobacco than
oil-cake and indeed than farm-yard manure itself. The explanation of
the superior value of seeth is probably partly due to its great power of
aerating the soil and of providing the rapidly growing tobacco with
the large amount of air its roots are known to need. Seeth, however,
has one disadvantage as an aerating agent, namely, its want of
permanence. After three or four years the effect of a good dressing of
seeth dies away.

Green-manuring is another valuable substitute for farm-yard manure
and seeth. One disadvantage, however, has to be got over in practice
before the best results of improving the texture of the soil by this means
can be taken up on the large scale. During the growth of the green
crop—usually sana: (Crotalaria juncea)—the soil air is used up by the
roots and large quantities of carbon dioxide are formed. More air is
again required for the decay of the crop. By the time the field is ready
for transplanting the tobacco crop, towards the end of September, there
is a great danger that the air supply in the soil has been drawn upon to
too great an extent to ensure the rapid growth of the tobacco crop. Pro-
bably this disadvantage can be minimized by allowing the sanas to wilt
on the ground for a few days before being ploughed in and also by fre-
quent and deep cultivation with iron ploughs for some time before the
tobacco is transplanted. The wilting of the sanai introduces a good
deal of air into the plant and experience shows that rapid decay is pro-
moted by this means. The frequent and deep stirring of the soil before
the tobacco is transplanted also releases much carbon dioxide and, at
the same time, promotes copious aeration and rapid nitrification of the
organic matter.

It is exceedingly probablethat the many failures with green-manur-
ing on the alluvium are due simply to interference with the air supply
of the roots of the next crop. It is well known that the best results
are obtained by this method of manuring on light, opea soils, that is
to say, on soiis naturally highly porous and amply supplied with air.
On the other hand, in heavy soils, and in lands which have been water
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logged, negative results are the rule, as far ‘as the next crop is concerned,
although the green-raanure improves the texture of the soil. In such
cases, there is obviously insufficient aeration for the needs of the decaying
green-manure and for the roots of ‘the next crop. The result is
oxygen starvation and a poor yield. If, however, the green-manur-
ing is confived to high, well-drained lands, and, if attention is paid
to frequent and deep cultivation after the green crop is buried with the
object of aerating the soil as much as possible, it is more than likely
that green-manuring will prove a much better method of soil im-
provement than is at present the case. : :

" During the year 1913, an experiment was carried out at Pusa which
threw considerable light on the relation between soil aeration and green-
manuring. Three plots were green-manured with sanas on July 15th,
August 7th and August 28th, respectively. On September 24th, a strip
down the middle of these plots was subsoiled to a depth of about twelve
inches two days before the tobacco was transplanted. The arrangement
of the plots is shown in the following diagram :—

PLOT I PLOT 2. PLOT 3
7 Z W Y A
SHADED /STRIP 7SUBSOIL ED7 ON7SEPTEMBER 7241/
7, i i
GREEN ~MANURED | GREEN ~-MANURED | GREEN - MANURED
guLY . I5% AUG. 7" AUG 28"

Fi16. 1. Green-manuring experiinent at Pusa in 1913,

The results of the experiment were very striking. The tobacco in
plot 1 grew very rapidly from the beginning and gave the best results.
Plot 2 was not so good while plot 3 was poor. In all the plots, parti-
cularly in plots 2 and 3, subsoiling gave a marked crop increase and the
appearance of the tobacco on this strip suggested a liberal dressing of
nitrogenous manure. The subsoiling probably released a portion of
the carbon dioxide in the soil, which had accumulated as a result of the
decay of the green-manure,' and also directly increased the supply of
oxygen. The extra air-supply would have its effect on the nitrification
of the organic matter and also on the development'of the roots of tha

! Kidd, Proc. Roy. Soc. B,, Vol. 87, 1914,
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tobacco crop. The changes in the soil gases in green-manuring under
Indian conditions require to be investigated and the results are almost
bound to prove of interest. It is exceedingly probable that the success
of green-manuring on the alluvium will depend on the degree to which
the soil can be aerated towards the end of the decay of the sanai and
hefore the sowing of the next crop. It is clearly not sufficient merely to
plough in a green crop and leave it till sowing time comes round. It
must be borne in mind that the next crop depends on an adequate air
supply as well as on moisture and food materials.

Besides cultivation as a means of acrating the soil after the decay of
the green crop, there is another possible method which gives certain
results. This consists in mixing into the soil fragments of tile or bricks.
The advantage of this method is that the improvement in aeration is &
. permanent one and is not destroyed by the next monsoon. The agri-
cultural significance of this method of aeration is shown every year by
plot No. 3 of the Southern Trial Ground in the Botanical area at Pusa
on which the most striking results with sanai have been obtained hither-
to.! This plot contains a fair proportion of tile fragments and on this
soil excellent crops of tobaccu are always obtained. The only question
which remains to be decided about this method of aeration is the cost|
and whether fragments of bricks or tile can be suitably mixed into the
soil at a reasonable outlay. A number of experiments on this subject
are in progress at Pusa, the results of which will be published later.

Fallowing. The effects which follow a monsoon fallow in Bihar are
well known. All rabi crops show the benefit at once and in the case of
tobacco it is the rule never to precede this by any form of monsoon
cropping. These beneficial effects follow from a variety of causes and
are principally due to conservation of moisture and mineral food mate-
rials including nitrates, the destruction of weeds and also the air supply
to the roots.

A few years ago at Pusa, an attempt was made to grow tobacco after
Java indigo. The first cut was taken in July when the field was manured
with indigo seeth through which the old stumps sent up the second crop.
This was taken in August when the stumps were removed. After 8
thorough cultivation, tobacco was set out about the end of September.
Moisture was abundant and everything seemed favourable for a really
good crop. The result, however, was somewhat disappointing. To-
wards the end of the growing period, the plants developed slowly and
did not ripen off sharply. This is always the case with this crop if the

1 The results with sanai on thin plot are ijlustrated in the Agr. Jour. of Indsa, Vel.
VI, 1912, p. 80.
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air supply to the roots has been interfered with to any eéxtent. Possibly
a better result could have been obtained had more attention been
paid to deep and frequent cultivation after the indigo crop was dug
up, but the fact remains that, with the ordinary cultivation carried
out in the Botanical area, the aeration of the soil was not sufficient for
tobacco,

Hot weather cultivation, which is spreading to a great extent in the
alluvial soils of India, is an essential part of a fallow. This exposes the
soil thoroughly to the hot, dry winds of March and April and so kills out
many weeds including dub grass (Cynodon dactylon). By its means,
the surface soil is thoroughly aerated and the indraught of air into the
subsoil, which must follow the fall of the water level, is promoted.
The resuit is that, on the advent of the monsoon, there is an abundant
supply of air for the soil bacteria and also for the needs of the monsoon
crops. But for this air, the extraordinary rapid growth which takes
place after hot weather cultivation when monsoon crops are sown at
the beginning of the rains, would not.be possible.® It is a curious result
that the nitrates formed at this period are not washed away by the heavy
rains which follow. Whatever movements of nitrates may take place
in the soil, they are always available after a fallow for the.rabs crop in
October. ' :

Consolidatvon of the surface soil. As a continuous air supply to the
roots of a growing crop depends on constant gaseous interchange between
the soil and the atmosphere, and, as this exchange takes place best only
when the soil is porous, it follows that any undue consolidation of the
surface must be harmful as this must tend to cut off the oxygen supply
of the roots. :

An excellent example of the ill-effects following over-consolidation
occurred at Pusa in October a few years ago. In sowing a field of pure
line cultures of wheat behind the plough, it was necessary to pass the
cattle several times over the headlands with the result that two ‘strips,
about four feet wide, on the east and west borders of the field became
somewhat consolidated. The first effect of this was to bring up the
soil moisture to the surface. The second result was that, while the
seed sown in the field germinated and did well, only a few of the grains
in the consolidated strips sprouted while none of these plants established
themselves but died off during the first two or three weeks. The result
must have been due to the exclusion of air and proves that overpacking
and rolling after sowing does harm to the crop.  *

! Besides its i i ivati :
bacterial ﬂeo r; mu:fwu;o?imtlon. hot weather cultivation probably alters for a time the
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Perhaps the best example of the ill-effects of over-consolidation on
wheat after sowing occurred at Pusa in 1912. In that year the hathia
failed, and it was thought that the opportunity was a good one for trying
the effect of the Canadian subsoil packer in bringing up the moisture
%0 as to increase the tillering power of the wheat. A large amount of
the crop was compacted twice and everything went well until two
unexpected heavy storms of rain passed over Bihar. This, coming
after the packing, consolidated the soil to such an extent that it was
feared that the whole crop would be lost. [t was saved, to some extent,
by harrowing the surface, but in that year the lowest yields on record
were obtained at Pusa, the consolidated area stood badly and the grain
was very poor. On the other hand, the best samples of “grain, the
highest yields and the best standing crops have been obtained when
iron ploughs have been put through the fields before sowing and when
the surface has been left rather loose. After growing wheat in Bibar
for nine years, we are convinced of the importance of aeratien for this
crop and equally coivinced that over-cousolidation from any cause is
very harmful.

Numberless other examples of the harm caused by over-consolidation
have been observed at Pusa. In the course of the plant-breeding work,
it is often necessary in picking off insects, in labelling plants, in re-
moving suckers and in studying the plants to tread a good deal between
the rows. It has been found necessary to limit this as far as possible
and to cultivate deeply by means of the kodar (a kind of mattock) at
least once or twice during the life of the crop. The effect is always
instantaneous and, even if a few roots are broken off in the process, the
gain resulting from increased aeration is at once seen in the renewed.
growth and vigour of the plants. In crops like tobacco, which need 8
great deal of air, it is essential after any work has been done among
the plants, to have the surface strirred as deeply as possible with the
kurpie. Much less cultivation is needed in tobacco grown for leaf than
in the plant-breeding plots, where the ground is consolidated a good
deal by treading. :

A great compressing agent in Bihar is a heavy and long continued
monsoon rainfall, particularly on the low-lying lands. The effect is to
make the whole of the upper layers of the soil 1un together into a solid
mass and to fill up most of the pore spaces with water and fine parti-
cles. So great is this consolidation, that some judgment is required
in preparing these heavy lands for wheat in October and producing &
fine tilth without too many clods. Some years ago, one half of the
continuoue wheat plot at Pusa was ploughed deeply with iron ploughs in
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~ October and afterwards reduced to a fine tilth. The other half was

cultivated with the country plough. There was a great difference in
the growth of the wheat crop on the two halves of the field. On the
half which was ploughed deeply in October, the wheat rooted well, had
stronger straw and stood better than that on the other half. Further,
the sample on the iron ploughed plot was much better grown and bolder
than the other. The only difference in the treatment of these two
halves was the extra aeration before sowing on the deeply ploughed
plot. Some crops like rakar (Cajanus indicus) and Javs indigo, sown
for seed in August, have to pass through a portion of the monsoon
with the result that the porosity of the surface soil is almost entirely
destroyed when the rains cease. Both these crops require oxygen for
the roots and nitrogen gas is also essential for the work of their root
nodules. Artificial aeration in October has an instantaneous éﬁeé_t.'
Java indigo, cultivated with the spring-tine cultivator, at once grows
rapidly and strongly while the benefits which follow the cultivation
of rahar are well known to every cultivator in Bihar.

All silt-like alluvial soils are particularly liable to run together on
the surface after rain and to form impervious crusts. The Bihar soil
is no exception to the rule and the breaking of the crust (papri) is a re-
cognised operation in agriculbure. Indeed the people seem ta be born
with a special papri-breaking sense. The formation of these crusts at
once interferes with the aeration of the roots and, as soon as the air sup-
ply in the soil is used up, growth stops. The presence of an excess of
carbon dioxide round the roots seems to hasten the first stages of asphyxi-
ation which can be seen by a slow yellowing of the leaves. This is fol-
Jowed by a gradual wilting of the crop and the plants often die without
setting seed. The moment the papri is broken and gaseous interchange
is renewed, there is an almost instantaneous effect. The leaves turn
dark green and the arrested growth recommences. The result is natur-
ally most marked at periods of rapid growth and in the case of crops
like tobacco and indigo which need a large quantity of air.

Although the people understand the need of breaking the papr:
in the case of established crops, they do not realize that young seedlings
require air. The Indian malis never seem to be able to raise good seed-
lings and their failure in this respect is mainly due to the fact that they
do not understand that the roots must breathe. Their remedy is to
apply more water with the result that their seedlings develop no proper
root system and thus do not stand the shock of trangplanting well. The
secret of success in this work is to give the seedlings as much air as
possible by keeping the surface crusts of the seed boxes well broken up
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by means of a small bamboo peg. Deep rooting and hardiness are also 1
promoted if the regular watering is stopped occasionally for a whole day.

There is & great need in Bihar for an efficient papri breaker which
can be drawn by cattle and which can be passed over young crops like
wheat or indigo without damaging the plants. The lever harrow is an
excellent device for this purpose as the slope of the tines can be altered
to almost any extent. Since their introduction at Pusa three years ago,
they have been taken up on many estates and have given excellent
results. For indigo cultivation during the hot weather they have
proved indispensable,

Earth mulches. In general, the value of a mulch lies in its power
of conserving moisture or warmth. In Rihar, however, earth mulches
give a supply of well aerated earth to plants and their effect in certain
cases is very great.

The ordinary dub grass (Cynodon dactylon), which is used for lawns
and also for fodder purposes, grows exceedingly well at first when planted
in cultivated earth. After a time, however, growth slows down, the
dub gives place to other species and finally, if undisturbed, the lawn
would become a mass of rough coarse thatching grass! mixed sometimes
with rmall sisso0 trees (Dalbergia sissvo). Left to itself, dub does not
maintain itself except in places like river banks where it receives
annually new deposits of silt. When the silt is sandy, the dub grass
seems to thrive best. If, however, u dressing of ordinary soil is spread
over dub, when growth begins to slow down towards the end of the mon-
soon, there is an immediate change. A new growth, of a dark-green
colour is produced and the dressing of ordinary earth acts jike nitrogenous
manure. Possibly the exposure of the soil to the sun increases nitri-
fication. Similar but slower results are seen when the dub turf is
pared off with the kurpie in the country fashion for fodder. The addi-
tion of the dressing of soil as well as the paring off of the turf promotes
aeration and possibly nitrification as well. Water is not a limiting factor
as in all these cases of arrested growth the soil is quite moist beneath
the turf.

In the raising of tobacco seedlings in the second half of the monsoon:
difficulties arige due to the loss of soil round the plants by rain wash
and also as a result of the beating down of the soil by the rainfall. A
great improvement always takes place after cultivation if more soil
is sprinkled over the bed to replace that which is lost and to support the
plants. The good result of the earth mulch is no doubt due to several

! These rough grasses which displace dub in Bihar are (‘l)ll),:(;m'(] of a mixture of dabhi
(Imperata arundinacea) and rarhi (Saccharum spontaneum).
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factors, but moisture conservation is not one of them, as the result is to
be seen during weather when moisture is abundant.  The new supply
of well aerated soil increases the air supply of the roots of the seedlings.

An undoubted opening for earth mulches exists in Bihar in the case
of surface rooted kharif crops like maize, which frequently suffer from
want of air. When planted in lines rather far apart and when earthed
with a ridger drawn between the lines, not only is the papri broken up,
but a new supply of well aerated earth is placed round the roots. The
result is, as would be expected, a greatly increased crop.

Perhaps the best examples of the aerating value of éarth mulches in
Bihar is to be seen in the cultivation of vegetables like cabbages and
cauliflowers. The roots of these plants require large quantities of air *
and a loose, rich earth. This result is best obtained by continually mould-
ing the roots with fresh earth so that finally each plant stands in a cone
of soil in which the fine roots ramify. The oftener this moulding is done
the better the result. Tobacco plants are also mulched with fresh earth
drawn round the plant, but this is not done to the same extent as in the
growing of large cauliflowers and cabbages.

Methods of acration. Besides the cultivation and the breaking éf
surface crugts, there are several other natural methods.of soil seration
some of which are of the greatest value.

Many plants aerate the soil and thus confer direct benefits on succeed-
ing crops. Rahar (Cajanus indicus) is perhaps the best example of a
crop which acts as a natural soil aerator. The root system of this plant
is considerable, the tap root is long and grows down into the soil to a
great depth. The lateral roots break up the soil in all directions and
when they are removed by white-ants (Termites), after the crop is reaped-,v
a system of small tunnels is left which helps materially in ventilating
the soil. The effect of this aeration on the succeeding tobacco erop is
very great and the benefit of the rahar tobacco succession is well known
to the people. The cultivation given to this crop after the monsoon
also helps in the aeration, while the organic matter added to the soil
by the fall of its leaves and flowers also assists in the same direction.
Rahar is the subsoil plough of the Bihar ryot.

The current ideas in Bihar on the best method of converting rough
grass land (pertr) into arable cultivation should be mentioned at this
point. Planters say that hardly anything will grow on pert; land when
it is first broken up and they recommend sweet potatoes to begin with:
After this, they say there is no further trouble and @lmost any crop can
then be grown. There is no doubt that under rough grass the soil gets
very little aeration and is in a thoroughly packed and sour condition.
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Thorough aeration is necessary for such land and this is given both by the
preparation for sweet potatoes and also by the complete stirring of the
goil which takes place when the crop is reaped. The sweet potato
manages to thrive in a soil in which many other plants would be as-
phyxiated on account of the aeration caused by the swelling of its roots.
This bursts open the land and lets in air. The gradual production of the
root swellings acts like a mild explosive and shatters the soil. The sweet
potato is the Bihar method of dynamiting the soil.

The most startling results of natural aeration are, however, to be seen
after trees have been felled or when holes (such as the brick soaking
tanks used in building operations) have been filled with new earth.
When a tree has been cut down and the roots have died, the white-ants
become active and proceed to eat out the whole of the cylinder of wood,
leaving the bark behind. The result is that there is a perfect network
of connecting tubes under the surface which greatly promote the aeration
of the soil and of the roots of crops. The effect of this becomes very
marked about a year after the trees are cut down and the results on the
crop are similar to those obtained by heavy dressings of nitrogenous
manure. The increased acration obviously acts in two ways, In the
first place, a plentiful supply of air to the roots is suppliecd. Inthe second
place, the formation of nitrates by the soil bacteria is considerably in-
creased. There is a very good case in the Botanical area at the present
moment of the effect of old roots on succeeding crops. A line of 818800
trees, which previously ran parallel to the east side of No. 1 Barah plot,
was cut down in 1910, In 1911, it was observed that the edge of the
plot next to the former line of trees was becoming exceedingly fertile,
The effect is still more evident during the present. yvear and the wheat
crop on the east side of this plot will have to be cut back to prevent
lodging later on.  This result is a consequence of the work of
the Termites in removing the wooden cores of the roots. These insects
are always attracted by old wood which they rapidly devour. In addi-
tion to assisting in the transformation of vegetable matter into humus,
these insects are most useful as aerating agents and their systematic
destruction, as is sometimes advocated, would, if successful, only lead
to great loss to India.

The aeration effects which follow from the filling up of holes at Pusa
are very striking. Particularly is this the case when these holes have
resulted from building operations such as soaking tanks for bricks, or
mortar mixing whegls (bail chucki). The workmen who level up these
places after the buildings are finished are not very particular and the
soil used in filling in always contains pieces of brick. The filling is

ki
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therefore highly acrated soil, in which the air giving materials are perma-
nent. The result is that if crops or trees are planted over these spots
they thrive to an extraordinary extent. Good examples are to be seen
in the avenue on the west side of the Phipps’ Laboratory and in the old
brickfield which has now been transformed into arable land. In the spots
in question, the roots of the plants are aerated while the nitrifying organ-
isms in these soils, being supplied with plenty of air, are producing
nitrates in abundance and to & much greater extent than the bacteria in
the poorly aerated soil near. The consequence is that these filled in
places have the appearance of having been heavily manured. The
manure however is simply oxygen gas.

The aerating value of brick fragments (roras) and of pieces of tile
(thikara) in connection with green manuring with sanas has already been
referred to (p. 14). There is little doubt that these substances are of
the greatest use in permanently improving the soils of Bihar. The only
points which remain to be settled are the cheapest method of mixing
and the best material to use. For valuable crops like tobacco, it might
pay to dress the land with roras, surkhs (small pieces of brick) or thikara.
Experiments on this subject are in progress at Pusa and an attempt is
being made to compare the cost of the treatment with the increase in
fertility. Peaches certainly thrive best on land which contains thikara.
There is evidence that the results obtained by sterilizing the soil of to-
bacco nurseries are partly due to increased aeration and that similar
results would be obtained by mixing surkhi or thikara with the rich soil.l

Rice cultivation. The relationship which exists between the well-
being of swamp rice and the aeration of the soil has been investigated at
Coimbatore by Harrison® who has shown that the surface film of alge
and other organisms on these soils plays the leading part in the formation
of the oxygen required by the roots of the rice. This investigator also
states that ¢ aeration of these soils by atmospheric oxygen is not as
effective in promoting root aeration as is aeration by the water drawing
thirough them.” We have not studied rice production in any great
detail in Bihar but some observations have been made on this crop.
The yield of rice in North Bihar depends greatly on the hathia rains, and,
when these fail, however good the monsoon, there are always complaints
about the poor rice crop. Such complaints are common during the
present year when the hathia failed after a heavy monsoon. Examina--
tion of the soil of the rice fields shows that there is abundance of mois--

!" The value of thikaras in increasin ili ibi 4 village
: ] g the fertility of the soibiz seen when old village
sites are brought under cultivation. There is an excellent example on the farm at Sabong:

191; Harrison and Aiyer. Mem. Dept. Agr. in India (Chemical Series), Vol. III, No. 3,
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ture, nevertheless the crop is poor and the grains are not well filled. The
value of the hathin rains secems to be to restore the activity of the algal
film and to give the roots a final acration by means of the oxygen dis-
solved in the water draining through them.

One common practice in rice growing in Bihar is also very probably
connected with acration.  The North Bihar rice lands do not crack very
much after harvest and little natural acration can take place if the fields
are left untouched through the hot weather. The ryots are most careful
to dig them up by hand after harvest although the labour required is
enormous. They are not likely to do this work unless it is necessary and
it is probable that one of the chief effects of thix is to aerate the fields so
as to start the next crop of rice.  Where rice lands crack after harvest,
as in parts of Madras, no cultivation is done as the land plovghs itself.
The rice land on the Gangetic alluvium in North Bihar however only
cracks to a very small extent and cultivation is necessary before aeration
can take place. The drainage of the soils of the rice arcas of North
Bihar appears to be asisted materially by the shells of snails. These
animals live in large numbers in these rice chars and are said to pass
the dry season in the ground. The fragments of their shells are so
numerous that this material must help in the passage of acrating water
to the roots of the rice.

In South Bihar, the ryots always draw off the water from their fields

in October and allow them to dry before the final irrigation. This pro-

cess, which is called nagar, is probably concerned with acration.

Grass effects. The harmful effects, which result from grass round fruit
trees at Pusa, have been described in a previous paper.! The results agree
closely with those previously obtained by the Duke of Bedford and
8. U. Pickering at the Woburn Fruit Kxperiment Station in England.
At Pusa, the effect of grassis more pronounced on small trees than on
large and is greater in the case of dub grass (('ynodon dach/hm) than in
that of dabhi (Imperata arundmuceu) At first, the species in the grass
plots was pure dub, but since 1910, a change has taken place and the dub
has given place to dabhi. The harmful effect of this latter species on trees
is not so great asthat of dub and, at the present time, custard apples
in particular seem to be able just to maintain themselves under dabhs
while under dub they were rapidly killed. As dub responds so markedly to
aeration and as it gives place to dabhy if left to itself, it would appear that
the latter grass requires less air than dub. This might partly explain

the fact that dabks has a much less harmful effect on trees than dub

and account for the results now shown by the custard apples.

Y

! Howard, Bull. 16, Pusa Rescarch Institule, 1910, p. 156,
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The precise explanation of the effect of grass on trees in some cir-
cumstances has not yet been discovered. In a recent paper, the Duke
of Bedford and 8. U. Pickering' consider that the grass roots give off a
toxin which poisons the tree roots. This toxin however has not yet been
isolated but its presence is inferred from the results of numerous experi-
ments. These authors have now studied the influence of grass on other
crops like tobacco and have come to the conclusion that “ every growing
crop results in the formation of a substance which is toxic to the growth
of other plants and still more so to itself.” The results obtained in the
case of tobacco are exceedingly like those observed at Pusa when tobacco
is waterlogged or grown on heavy lands which have been green-manured.
It is well known that the roots of the tobacco crop require a great deal of
air ard it is also known that green-manuring results in the production
of much carbon dioxide in the soil. It seems probable that the Woburn.
results, in which the washings from grass interfered with tobacco, may
after all be due to the inhibiting effect of carbon dioxide. This may be
the toxin about which so much is written and it may turn out to be the
explanation, not only of the effect of grass on trees, but also of the in-
fluence of one crop on another. Experimentsto test this view, in the
case of fruit trees, are now in progress at Pusa.

The harmful effect of grass on fruit trees depends on the soil. In
many parts of England, such as Kent, Somerset and Herefordshire, it is
the custori to grow fruit under grass and no particular damage results.
Many of these fruit soils, however, are very porous and the carboiy
dioxide produced by the grass roots might easily be able to diffuse into
the air and so cause no injury to the tree roots. The soils at Woburn
and Pusa however are not porous. The Woburn soils are clayey in
character and are such that gaseous exchange with the atmosphere 1s
difficult. The Pusa soil is a fine silt which packs to such an extent that
dub grass soon dies out and other rough grasses take its place. It is
clear from the present paper that the Pusa soil responds to an extra-
ordinary extent to aeration. In such dense soils as Woburn and Pusa it
is probable that the effect of the carbon dioxide produced by the grass
roots would be far greater than on porous soils such as those of Kent.
Before carbon dioxide is finally dismissed as the toxic substance refeyred
to by the Duke of Bedford and 8. U. Pickering, it might be worth while
repeating that portion of the Woburn work dealing with this gas.

_ Simulated diseases. Among monsoon crops at Pusa, seversl cases of
wilting occur which at first sight appear to be caused by sore form of
root disease. In reality, the trouble, in all cases, follows from the ifiter-
ference with the supply of air to the roots.

! Duke of Bedford and S. U. Pickering, Jour. of Agr. Science, Vol. VI, 1914, p. 157,
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The so-called wilt discase of Java indigo is an interesting case of slow
asphyxiation. This crop, which is comparatively new to India, was
introduced into Bihar some years ago and for a time did exceedingly
well, yielding heavy crops of leaf and also of seed. When, however, the
present cycle of wet years set in, complaints were heard, after the first
cut in July, that the indigo was attacked by disease. Increasing diffi-
culty was expericnced in obtaining sufficient seed for sowing. The
trouble developed so rapidly that the area under Java indigo fell from
70,000 bighas in 1910 to about 15,000 bighas in 1913, and there seemed
every reason to believe that the Bihar industry was doomed.

An examination of the wilting plants at the end of the monsoon
showed that practically all the finer roots, including the nodules, had
been destroyed. The large roots, however, appeared healthy but rhe
plants possessed hardly any nodules and almost no active absorbing roots.
These had been destroyed as a result of the packing of the soil by con-
stant rain during August and September. The soil had lost its porosity
and gaseous exchange with the air was stopped. In consequence, both
the root hairs and the root nodules died of asphyxiation and after a time
the whole crop wilted away. Only in a few cases was any seed formed
in Bihar and the planters were driven to import seed at great expense
to carry on the industry. The remedy for the trouble, as far as seed
production is concerned, is simple.'! By sowing the indigo specially for
seed on high, well-drained lands in August, the developing root system
follows the fall of the subsoil water and it is possible to give plenty of air
by surface cultivation to the young crop. As soon as the monsoon is
over in September (when the fall of the subsoil water promotes aeration)
and provided the surface soil is broken up by spring-tine cultivators, a
very heavy crop of healthy sced is obtained in the cold weather. Grown
in this way the seed crop avoids wilt.

No crop responds to cultivation so rapidly as Java indigo. It is &
plant which can hardly be cultivated too much. If lever harrows are
passed over the crop, grown for leaf in the hot season, the response is
remarkable. Rapid growth takes place and if still deeper cultivation
with spring-tine cultivators is given in April and May, the growth at the
beginning of the monsoon is marvellous. In this way the crop starts the
monsoon with a large air supply in the soil and the advent of the wilting
stage is deferred. In addition to supplying oxygen, the cultivation
naturally provides the nodules with a full supply of nitrogen gas. There

can be no question that the future of Java indigo in Bihar depends on
soil ventilation. It ic perhaps not too much to say that had attention

! Howard and Howard, * First Report on the lmprovcmen-t‘ol l-ll"-1i8°rin BI"—O' '
Bull. 51, Pusu Reseurch Institute.,
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been paid to the growing of indigo twenty years ago, there would have.
been no competition from the synthetic product. Even at the present
moment, the chances of the industry are most hopeful if only the plan-
ters are willing to place the cultivation of the crop on a proper basis and

- give up their present methods.

Two other cases of simulated diseases have been observed at Pusa.
In both, the symptoms were not unlike those described in J ava indigo and.
would be described as wilt. When patwa (Hibiscus cannabinus) and sanat
(Crotalaria juncea) are grown for seeq, a§ pure crops, very ﬁI.le growth is
obtained up to flowering time early in October a'nd everythn}g seems .to
go well. At this period, however, the plants begin to show signs of wilt
and. if the roots are examined, it will be found that almost all the fine
brar’lches have been destroyed and hardly any root hairs can be found.
The destruction of the porosity of the fine alluvial soil by the _consta.,nt
monsoon rain has cut off the air supply and almost complete asphyxm:-
tion of the roots has resulted. In very wet years hardly any seed is

obtained.

The ryots in Bihar never sow either sanas or patwa as pure crops for
seed purposes. They sow a few plants on the edges of their ﬁeld§ for seed
and these never wilt but always set a fine crop of seed. ‘ By growing these
plants on the edges of the fields, which are often s]lghtl}r raised, they
are well drained and their roots become aerated by the cultivation given
in the neighbouring fields. Thus a crop, whlqh is often asphyx1ated
in pure culture, thrives on the raised edge of a mixed field when its roots

obtain the necessary air.

III. OBSERVATIONS IN THE QUETTA VALLEY,

1. The agricultural factors in the Quetta Valley.

The agricultural conditions in the Quetta valley are quite different
from those of the Indo-Gangetic plain. This valley is situated at an
elevation of about 5,500 feet above the sea and is surrounded by high
mountains, There is a gentle slope from the sides to the centre and the
main drainage line is westward. Surface drainage is therefore easy.

Rainfall. 'The total rainfall is low, about 10-5 inches a year. Most of
the precipitation takes place during the winter months, December to
March, often in the form of snow. The shallow, cold-weather depres-
sions, which form over Persia and move down into North-West India,
often pass over the Quetta valley, and, in doing so3 deposit a portion of

- their moisture. It is to this cause that the winter rainfall in this -tract;



26 SO, VENTILATION

is principully due. The valley is outside the usual area of the Indian
monsoon, but, it sometimes happens, that the storms which cross the
continent from the Bay of Bengal, after depositing most of their mois-
ture in Hindustan proper, break up among the vallevs of Baluchistan.
These increase the humidity of the air and give rise to showers of rain
during the months of July and August, but the total (quantity received
is not great,

Besides the winter rain, there are three chief sources of water for
agricultural purposes—karezes, artesian bores and subroil water. The
ususl method of irrigation is by means of the Jarez.  This is an under-
ground ditch on sloping land, which collects the subterrancan water
near the hills and discharges it on to the surface. It is really an adit
with a slight slope, driven into a fan talus with a much greater slope of
300 to 600 feet per mile. The land below the opening of the karez is
watered by gravitation. The artesian bores as a rule are only about
100 to 200 feet deep and are of from three to four inches in diameter.
The water comes from underground stremmns so that this method of
supplementing the rainfall is largely a matter of luck. The depth of
water in the wells varies a great deal. In the Civil Station at Quetta it
is often less than ten feet, but on the higher land outside it varies from
20 to 30 feet. Little use is made of this water at present for irrigation
purposes on account of the expense and trouble of lifting it. There is

little doubt, however, that, in certain localities, this groundwater is
made use of by trees.

Temperature.  There is a well-marked winter at Quetta and, from
November to March, the general temperatures are low. The summer
months June, July and August are hot and, during this period, the mini-
mum vemperature is high. The mean temperature varies from 40° in
January to 78% in July. The feature, however, of the climate is the great
daily range of temperature and the fact that during the winter there is a

good deal of air movement. The diurnal range varies from 21-8° in
January t0 32:7° in November.

Humdity. Except when the south winds blow in July and August
or after rain, the humidity of the air is low, much lower than in many
parts of the plains of Indis. The drying effect of the air is further
aggravated by much air movement, often from the west. Evaporation is
therefore rapid so that in fruit growing, devices for checking the effects
of dry winds are necessary. Mud walls, wind breaks of growing trees and
cover crops, which shade the ground, can be used for this purpose.

Soil. The soil varies from brown to black in colour and resembles
the: alluvium of the Indus valley in general appearance and texture.
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The soil is a loess deposit, apparently formed by aqcumulations of Wlpd-
blown dust, sometimes mixed with alluvium. With such a geqloglgal
history and in a climate of great a.ridi.ty, there have been no opportu-
nities for the accumulation of organic matter. It is not surprising
therefore to find that stable manure and green-manuring in the Qlfletltia,
valley lead to an immediate improvement in productloy; Mo§t O{the
soil of the cultivated areas does not possess a great range In th‘e size of the
particles and behaves on wetting very much like the Gangetlc alluv1ﬁm.
Flooding destroys the porosity and the surface easily runs togaetl e1('1.,
Under the dry, hot winds, which are frequent at Quetta, irrigated lan

gets on the surface into a cement-like mass, whlcl} rapidly loses its (11n018-
ture. There is a great response to aerating agencies such as heavy ress-
inus of stable manure, the growth of a lucerne crop or green-@ar;ufllng
wi?;h shaftal. All these methods tend to l‘eduf:e the e.vﬂs‘ Whlc}(li- ollow
from surface flooding and act largely by promoting ventilation .a,n giving

the roots the needed supply of air.

2. Plant growth. :

Most of the growth of trees takes place in the spring apd early
summer and, as at Pusa, growth slows d(_)wn tovsfards .the end of June.
As in the monsoon-fed areas of the alluvium, this f?,lllng oﬁ. of g‘x:owt.h
is partly due to the destruction of the pore spaces in the soil which.in
turn interferes with the air- supply. to the roots. The agent which des-
troys the goil texture in this case is however not t:he monsoon but man
himself, who insists on the frequent an<.1 copious ﬂoodmg of the
surface with irrigation water. This proceeding, in sucha soil as that
of Quetta, cuts off the air supgly. to the r90ts, growth stops. and @he trees.
begin to look unhealthy. This is often mtfarpreted a8 a sign of want of
water, so, more is applied with the result in many cases that growth
stops entirely. Fortunately, the fall ‘of the leaves in -a,utumn» puts an
end to the application of water and during the frosts of winter some of the
porosity of the soil is recovered. There 1s no doubt, however, t:ha,t- great
damage is done by surface flooding at Quetta and that a great deal of

valuable water is being wasted.

l 3. Some examples of soil ventilation.

During the preliminary work in connection with t.he estﬁthhment
of the new Fruit Experiment Station at Quetta, Sever?,}examples ‘9f
aeration effects have been observed which are of gt:neral mter.est. Fur-
ther, they indicate one of the chief directions in which the-agriculture of
the valley can be improved. : s
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The yellowing of peach trees.  As the summer  progresses at  Quetta,
the foliage of the peach trees alters in colour and changes first to light
green and finally to yellow. The last formed growth is chiefly affected
and, after the yellowing stage has well set in, premature leaf-fall begins.
By the end of August, many of the leaders are cither quite bare of leaves
or have only a few at the tip.  In addition to the yellowing of the foliage,
two other symptoms manifest themselves. The wood gives off large
quantities of gum and the ripening fruit is deficient in flavour. Peach
trees affected in this way die out in two or three years, the process
tuking place in stages by the death of one or two large branches at a time.

The yellowing of peach trees at Quetta is not universal. The best
examples can be seen in the Civil Station, where the soil is somewhat
heavy and close in texture. In the fruit gardens of the zamindars,
which are either under lucerne or allowed to run to weeds, chiefly busun-
duk (Sophora alopecuroides), yellowing is much rarer and the peach trees
are generally healthier.

On taking up the detailed exumination of this yvellowing in 1912,
three possible causes appeared to be worth investigation. The trouble
might be similar to the disease known as ** peach yellows ™ in the United
States, the yellowing might be due to a lack of available nitrogen in the
soil or want of acration of the roots might be the cause.

A comparison between the symptoms of the trouble at Quetta and
the description of peach yellows published by the United States Depart-
ment of Agriculture! showed that one of the characters of this American
diseuse, namely, reddening and premature ripening of the fruit, is absent.
Further, buds taken from normul and yellow trees wave rise to equally
healthy plants, On the other hand, in the case of peach yellows, buds
from discased trees, when propagated, either do not take at all or else

give rise to diseased plants. The yellowing of the peach trees at Quetta
was therefore not ““ peach yellows.”

As regards the possibility of want of available nitrogen in the soil,
all the experiments made gave negative results. Dressings of both
nitrate of soda and of sulphate of ammonia produced no effect.

Since 1912, a large amount of evidence has accumulated that the
trouble is entirely due to a deficiency of air in the soil for the use of the
roots and the yellowing of the peach and other trees at Quetta is a simple
aeration effect. The evidence for this view can best be set out in order.

(a) The distribution of yellowing. The yellowing of peach trees is
for the most part confined to areas where vegetables are grown between

! E. ¥. Smith, Additional evidence on the communicability of peach yellows and peach
roseite, Washington, 1801.
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the peach trees or where the soil is close in texture. In the groytb of
vegetables at Quetta, watering is very freqpel}t a_nd the subsoil is in a
constantly moist condition. This frequent irrigation destroys the poro-
sity of the soil and the air spaces are filled with water. The vegetables,
being surface rooted, use up the air in the soil a,bov‘e the peach roots.
The peach roots, under such circumstances, are deprived of oxygen and
carbon dioxide accumulates in the lower soil as a result. of the veget?.ble
cultivation. The result of all this is seen in the yellowing of the foliage
rees.
o t?:) tDeep planting and over-irrigation. ‘When young peach-trees are
planted too deeply, the foliage is always yellow and this yellowing deve-
lops as more water is applied to the trees as tl.le summer progresses.
Some cases of this occurred at the Fruit Experiment Station in 1914.
Yellowing is also produced in the spring if thei trees are too frequently
watered. Some plots at the Experiment Station were purposel.y over-
watered early in 1914 and, at the beginning of May', t}.1e yellowing was
well developed. Irrigation was stopped and -the soil right down to the
roots was broken up. Healthy dark green fol-lage was at once produced.
(¢) Natural aeration. One of the weeds in peach gardens at Quett.a.
is a natural aerator. This is busunduk, a very common weed of culti-
vation in the valley which grows in wheat fields, among ‘1.;he peach trees
and on road sides. It is often employed for green-manuring I.nelons 'a,nd
;s the chief weed in the summer on fallow land. This plal}t is prOV}ded
with thick underground stems which burst open the subsoil n‘} a}l direc-
tions. The shoots coming to the surface. also tend to let air into the
ground. When this weed grows in fruit gardens, the peach trfaes are
geldom yellow as the busunduk acts as an aerator and neutralises, to
gome extent, the evil effects of surface irrigation.

Another natural aerating agent, which acts like busunduk, is shaftal
(Trifolium resupinatum). It has this advantage over bus'unduk that the
crop yields a valuable fodder and the last cut can be dugin as a green-
manure. The tap root of skaftal is deep and the numerous laterals break
up the soil in all directions. A great deal of growth takes place on the
winter rains, and when the crop is ploughed in at the end of June, the
goilis aerated. The addition of organic matter to the soil also tends to
increase its porosity and therefore the air supply to the roots o.f tl}e
peaches. The cultivation connected with the sowing and ploughing in
of this crop does a great deal of good to peach trees and even old trees,
with yellow foliage, start new growth and improve in a remarkable way,

Lucerneis another natural aerator and is much better for fruit
trees than vegetables. The roots of this crop are long and they
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break up the subsoil to great depths. There are. however, disadvan-
tages attending this crop. To get the maximum amount of fodder,
lucerne must be watered very frequently and to keep the surface of the
ground open, manure ought to be applied every winter or spring. The
frequent watering, although beneficial for the lucerne, is nevertheless
too much for peaches and cases can be seen in and near Quetta where
the peach trees are vellowing although surrounded by lucerne.  Another
disadvantage of lucerne is that, to get the full benefit of the crop for
fodder purposes, it has to remain in the ground for five or six vears and
during this time vo cultivation is possible,

(d) The yellow condition is not propagated by buds. That yellow-
ing is not a true discase but an unhealthy condition is shown by the fact
that buds, taken from such trees, produce healthy plants,

Fallowing. Tt is the custom at Quetta in wheat growing to fallow
the land after this crop. This is particularly the case when this crop is
grown under irrigation. When a crop of irrigated wheat is ripe in June,
it is observed that the busunduk in the crop is very pale in colour and
looks unhealthy. This is due to the fact that the copious surface flooding
given to the wheat, under an ascending temperature and in the presence
of drying west winds, packs the soil like cement and effectually cuts off
the air supply to the roots. Another resylt of the destruction of the
structure of the soil by irrigation is to be seen in the
wheat crop itself. Wheat does not ripen at Que
the result that the grain is thin and not well filled.
with wheat if the air supply to the roots is cut off he
cess is complete. The present methods of growing irrigated wheat at
Quetta entail the loss of vast quantities of valuable water much of which
can be saved. How this can be done will be shown in a subsequent
paper. The net result of the preseut practice is to leave the soil so
cemented together at harvest time that the robust busunduk is nearly
asphyxiated. The baked soil becomes more porous after the winter, and
during the fallow year following the appearance of the busunduk is very
healthy. The large underground stems, which run like ropes parallel
to the surface about a foot down in the soil, produce a large number of
new vertical shoots and these force their way through the compacted soil.
In this way, the texture of the soil is mmproved, the gascous interchange
with the atmosphere is renewed, and the soil is ready for a new crop.
Thus the copious watering for wheat not only wastes water and prevents
the crop ripening, but also puts the land out of cultivation for a whole
year. But for the busanduk, the subsoil plough of the Quetta valley, and
the frost, the present methods of growing wheat would ruin the land,
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i i :T true. A portion of the benefit of haI‘I‘OV.Vlng is-due to
This 18 0'_‘1}’ pfa :hg roots of the wheat crop and to the promotion of gasecl)u;:
the st tween the soil and the air which results from a loose. mule
interchang® wIt has often been seen at Pusa how much harm is done
o Burfifce% 1Is when the wheat is ripening and makes the mulch run
if heavy rain acmst The best wheat is always produced at Pusa when
toget}}er into aﬂ;er th;e wheat is in ear. Rain crusts can easily beﬁ b1:oken
oy Il?m ::'ll}l'ss:ages by harrowing, but after the ears appear this is no
in thee

longer possible.

IV. SOME FURTHER INDIAN OBSERVATIONS.

I. Aeration in the black soils.

‘ roughly the line of division between
T qangeiglrlixe i:)lilgngf m;;];k]?eniisu{a. As regards‘thg n}etho& of
the ﬂh!hw'“mtmh& two classes of soil, nothing could be more distinet. As
e ation 12 bf)ve the alluvial soils have a great tendency to pack and
men:mneih; and’tnere is little or no natural aeratio_n during the heot
:::soz.g The black soils are quite different in this respeet. They
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expand during the monsoon into a jelly-like mass and begin to
crack after drying. This goes on all through the cold season.
Further contraction takes place during the hot months, and deep, wide
cracks are formed in all directions.  Rabi crops obtain an abundance of
air by this process, and so great is the cracking, that moisture is lost and
roots are broken. On this account, in wheat growing, varieties on the
carly side produce much the best samples, both as regards appearance,
yield and quality. The cracking of these soils in the hot weather,
combined with the hot winds, is a perfect acrating method. On such
soils, hot weather cultivation, which is so necessary on the alluvium, is
not likely to be worth the labour involved.

. The expansion of the black soils during the monsoon, however, if
long continued, might easily result in damage due to the air supply being
cut off. Other things being equal, one would expect the best results
with monsoon crops on these soils in years of moderate and well dis-
tributed rainfall, by which suitable relations between air and water in
the soil would naturally arise.

In some tracts south of the Ganges, the tendency of the soils to crack
after ipundation is of great agricultural importance. At Bhagalpur,
for example, the deara lands are flooded during the monsoon, neverthe-
less they bear good rabi crops. The acration of the land is almost
entirely brought about naturally by the property of these soils of con-
tracting on drying and of forming cracks in all directions, The con-
trast between these deare lands and the low lands north of the Ganges
in Tirhoot is most marked.  After flood years in North Bihar, the poro-
sity of the soil is destroyed, denitrification is set up and the rabt crops
are poor. If the Bihar soils would erack on drying, the harm done by
monsoon inundation would be reduced almost to half.

2. Edge effects on the alluvium.

Almost cvery FKuropean, who takes an interest in cultivation
in the plains, notices the edge effect in his garden.  When vegetables
are grown under irrigation, the easiest method of applying water is
to divide up the area into small beds (kiaris), each surrounded by a
Jow embankment to contain the water. Water is led into these by
means of a small canal running between the beds. The resulting
growth is very uneven and the best vegetables are always seen round
the edge of the bed. The explanation of this is at once evident when
it is realized that the roots must breathe. The flooding destroys the
porosity of the soil en the floor of the bed, partially cuts off the air
supply to the roots and the growth is checked. The plants round the
edge of the bed are in a different condition and towards the outside their
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roots can obtain a good deal of air through the embankment. Ag
result, they grow strongly and well while those in the centre show all thz "
signs of oxygen starvation.. As the surface dries, the mali considers the k
plants require moisture, so more water is added and the air supply is
still further interf_e;ed with. These evils can be largely got oveirb
means of furrow irrigation,' By this means, water can be added'withou};
destroying the porosity of the soil. o ‘

3. The saving of irrigation water.

In all the irrigated tracts of the plains, the saving of irrigation
water is one of the great problems which lies before the Agricﬁltural
Department. In well-irrigation, the less the water used per unitr
area, the more the cattle can be employed for other work or the
greater is the area that can be watered. In the canal irrigated areas
any saving of water means a larger area commanded and therefore :«;
greater revenue to Government and a greater density of population
This is, however, only a small part of the case. Surface flooding ir;
many parts of the Indo-Gangetic plain, is exceedingly harmful’ to
the crops, as it tends to prevent the aeration of the roots of the plants
and to diminish the yield. The chief problem now before the Agri-
cultural Department is to show how, under an irrigation syétem on a f%ne
alluvium, the proper relations between air and water in the soil can best
be maintained. Once this is done, water saving will follow as a matter
of course. .The cultivator will then discontinue his present practice of
poisoning his crops by means of water. The solution of this problem is
not a difficult matter provided it is approached from the point of view
of the plant.‘ In the case of a crop like wheat for example, grown in the
Canal Colonies, three or four heavy waterings are now req,uired to ripen
the wheat. One is applied before sowing and the rest afterwards pB
the selection of suitable early varieties and later sowing, it wou.ld b{,»
easily possible by two waterings at the most, one applied l,oefore sowin,
and the other later, to raise crops at least as large as those now growng
After the second irrigation, the surface would have to be well broken u ,
by lever harrows to leave a mulch to conserve the water and also to aerati
the roots. Bimilarly in the United Provinces, a great saving of water in
whet?t growing is practicable. Some progress has already been made
possible by the provision of the variety Pusa 12, which ripens excellent
crops wiFh less water than late sorts like Muzaflarnagar. At Quetta
nearly nineteen maunds of wheat to the acre have been grown on om;

— .
-]

! Howard . : . , . .
oI, No.ovlv, rlgs;r(;fl Howard, Mem. of the Dept. of Agr. in India {Botanical Series), Vol.
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irrigation in place of six or seven now given. This is only the beginning
.but ?he results already obtained show what is easily possible in the future
if this line of work is taken up in the right way.

The evil effects of surface flooding in the Indo-Gangetic plain vary
according to the physical constitution of the soil. In the Province of
Agra, the alluvium is generally more open and sandier in texture than in
other parts of the plains such as the Canal Colonies of the Punjab or the
middle Doab of the United Provinces. On the somewhat sandy soils
in the Meerut Division, gram is irrigated with advantage while three
waterings for wheat give heavy crops of well-ripened grain.'  Both these
results are largely acration effects and are only possible because surface
flooding, n this case, does not destroy the porosity of the soil and out
off the air supply. In the (‘anal Colonies, on the other haud, gram df’e"
not, as a rule, thrive well under canal irrigation and the last watering
often damages the wheat sample. Here the texture of the soil is closer
and surface flooding interferes with soil ancration.  While surface flooding
i not particularly harmful in the open soils of the Mecrut Division, there
are however other directions in which canal irrigation is harmful. In
this tract, there is a large amount of seepage from the canals and lafge
distributaries and damage accordingly results to the neighbouring
country. In such cases where the surface can be flooded with impunity,
scepage becomes a danger and it might easily pay to line the canals in the
first instance in such tracts. The capital cost would be increased but @
great saving of water would result and the damage done by seepsge
would be lessened.

The famous vegetable soils of Lucknow are another instance where
the surface can be flooded without any great harm. Here the soil 18
very sandy and the kiari effect is not seen. Provided these soils are welle
manured, splendid crops of tobacco, vegetahles and cold weather annué 8
can be grown with surface flooding. The result depends on the natursl
aeration which takes place in these soils and this explains the excer
lence of the vegetables and flower seeds grown at Lucknow. When !;he
Horticultural Gardens are supplied with a proper amouht of irrigation
water, it will be possible to grow there the vast quantities of the se
of cold weather vegetables and flowers which are now imported at great
cost from England and Germany.

.} The fact that high yields of well-8lled, white wheat are produced in the Wostern
Districts of the United Provinces has dravlv’n attention to the lwht‘ﬂt"‘ of this tract and
attempts have been made to spread the wheats of the Muzaffarnagar Distriot to © 01’
areas. Inthe majority of cases, these experiments have not proved very succo ut.
The sample of wheat produced in the Meorut Division is probably due more o the fm‘
that the acration of the soil is not destroyed by surface flooding than to any inheren
excellence in the varieties grown.
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V. SUMMARY.

In the foregoing, many examples have been given which prove that
one of the conditions for the growth of crops is an ample supply of air
for the roots. At the same tilpe, many directions of progress in crop
Production on the Indo-Gangetic alluvium and in the Quetta valley
have been suggested. Incidentally, the basis of the saving of irriga-
gion water has been indicated. '

Ope further point remains, namely, that of the distribution of crops
or the ecological aspect of agriculture. Crops undoubtedly differ greatly
in the amount of air their roots require. Gram, for example, requires
a great deal of air and only a mo.der.ate amount of water. This is
proved by the present geographical dlS.tl’.ll.)utiOI'l of this crop in India. It
jsmost widely grown in the Agra ;D1V1810n, in the barans tracts of the
Eastern Punjab and in Central India. ' In all these places, the soil and
the system of cultivation are suf:h tl}at its roots get plenty of air. In the
East of the United Provinces, in Bihar and. in the canal irrigated areas
of the Punjab, gram is not so common and, in these tracts, the literature
on this crop abounds in references to the precarious nature of the yields
In these areas, the air supply of the roots anq o_f the nodules is often
interfered With by water in the soil. That this is so has been proved
at Pusa where, on high, hgh’o., well-drained land, excellent crops have
been produced while. on heavier land, not fifty yfu'ds away, the crop,
although promisir.xg in tlfe early st?,g.es, has not yielded the seed sown.
The proper provismI} of air to the soil is all that is necessary for extending
¢he cultivation of this most useful crop.

Tt may not be out of place here to suggest a further application of the
jdeas in this paper, namely, in the direction of ecological studies and in
the distribution of forest trees. Aqratipn of the soil might easily prove
4o be a more important factor than the writings of Schimper and of his
modern followers seem to indicate.

= From the purely agricultural aspect, this paper has attempted to
establish two principles, namely :—

1. To obtain the best crops in the alluvium, great attention must be
paid to adjusting and maintaining the proper relations between air
and water in the soil. '

9. Water, when it excludes air from the roots, acts as if it were a
»poison' to crops.

Pusa, s
December 16th, 1914.
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SURFACE DRAINAGE AT PUSA.

Soil Erosion and Surface Drainage.

1. Soil Erosion.

The whole of the cultivated area of India, affected by the mon-
soon, is subject, to a greater or less degree, to the loss of fine soil
by rain-wash. Several factors are involved in this eontlnuom
erosion of the soil.

Perhaps the principal one is the uneven distribution of the rain.
fall. In much of the monsoon fed aresa of India, the rain, as is well
known, is conoentrated into a few months of the year. Duririg this
penod the prempltatlon 18 by no means evenly dlstrlbuted and
almost every year, one or more concentrated bursts of ram occur
which often exceed six inches in a single day. The soil “is fre-
quently unable to absorb this heavy precipitation, with the conse-
quence that the run-off speedily accumulates into a stream of water,
heavily charged with fine particles of soil, which makes its way,
either to streams, rivers or to 10w-1y1ng land. On the way, the
moving water removes more earth and in many cases, if this goes
on unchecked, a small nallah is formed which year by year increases
in depth.

The general slope of the ground is another factor which inﬂu-
ences the rate of erosion. Where this is considerable; as in many
parts of Peninsular India, the damage done by rain-wash is much
more evident than in the flatter alluvial plains. In many parts of
Bundelkhand and the Central Provinces for example, almost all the
culturable soil has been washed away over large areas leavmg the
bare rock exposed. In the plains, beyond the ravines near the
rivers, the evidences of erosion are not so obvious but nevertheless
they exist if careful observations are made. Jdt may be taken ag

a general pr1nc1ple that wherever storm water can’ moye on the
smls of India, erosion is constantly taking place

tu -



2 SOIL EROSION AND SURFACE DRAINAGE

The third factor on which the amount of erosion by rain-wash
depends is the nature of the soil. On equal slopes exposed to the
same rainfall, light, open soils lose more silt than heavier loams.
Heavy, black cotton soils, which swell up when wetted, are probably
not denuded so readily as the lighter soils found in Peniunsular
India.

In most cases, the soil removed by rain-wash represents a dis-
tinet loss to agriculture.  Some of the soil is carried away by rivers
and deposited, partly along their courses and partly in their deltaic
regions.  The remainder is carried to low-lying areas, such as rice
lands, where it adds to the existing deep layers of fine soil. It is
sometimes thought that the deposition of silt, both in deltaic regions
and in low-lying rice lands, is absolutely necessary to keep up the
fertility of these areas and to manure crops like paddy and jute.
If this were true, the transference of some of the fine soil would
not be a loss to India as a whole and would only he a movement
of agricultural capital from the high-lying to the low-lying areas.
There is, however, some evidence which indicates quite clearly that
low-lving lands do not need further deposits of silt to maintain their
fertility. The continuous wheat plot at TPusa, which is really
drained rice land and which previously obtained annual aceretions
of silt by rain-wash from higher ground, has been cut off from these
areas for the last seven years and has not received during this period
any new deposits.  There is no sign of any loss of fertility. The
plot has received no manure and, as far as can be seen, the fertility
is increasing rather than decreasing. Tt is highly probable that the
benefits conferred on rice lands by flood water are not entirely due
to the silt brought down by the water but are connected with the
aeration of the roots of the crop. A rice field is after all only
an example of water-culture on a large scale, Evervone who
has grown plants in water-culture knows that, besides the nutrient
salts, the plants will not thrive really well unless the water is aerat-
ed.. The only way a low-lving rice field can get its soil water aerat-
ed is by a slow passage of fresh, oxvgenated water past the roots.
If the water remains stagnant, the rice crop, as is well known, does
not thrive. This result is due to the fact that there is an insuffi-
cient supply of air for the roots of the rice. Tf, however, there iy
a slow flow of aerated water over the fields, the water round the roots
gradually becomes changed and a new supply of air is thus made
available for the plant. Harrison! has shown that a part of the

U Y —_

! Harrison and Aiver, The ases of awamp rice roils, Mem. Dept. of Agr. in
India (Chemical Series), vol. TIT, no, 8, 1913, and vol. TV, na. 1. 1914,
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oxygen required by the roots of swamp rice is produced by the algal
film on the surface of such areas and that a very slow movement
of water through the upper soil is necessary to carry the oxygen
to the roots of the crop. His investigations have thus served to
draw particular attention to the aeration of the roots of rice and
there is little doubt that his work supplies the explanation of much
of the benefit to this crop which follows successive inundations of
river water which slowly flow over and through the rice areas.
It is highly probable that filtered water, provided it is well
aerated, would do almost as much good to rice in deltaic Bengal
as silt-laden water. The real need of the rice crop seems to be
the water which is essential in carrying a supply of oxygen to the
roots of the plant. The silt deposited by this water is largely
unnecessary and must therefore be regarded as almost entirely lost
to the country.

The amount of the annual loss of soil in India through erosion
by rain-wash is very considerable but the full extent of the damage
is not always understood. The most obvious and striking examples
are to be found south of the Jumna in Bundelkhand, in Central India
and in parts of Bombay. In these tracts, the evils of denudation
are being realized and, in certain areas, a good deal of valuable
work has already been accomplished, often with the help of Govern-
ment, in protecting the cultivated areas from scour by rain. That
much still remains to be done in this direction will be clear from a
perusal of the appended paper by Mr. H. Marsh, C.I.E. (formerly
Consulting Engineer for Protective Irrigation Works, Central India),
which was published in the A gricultural Journal of India in 1906.
This is perhaps the best account that has yet been written of the
evils which follow from erosion in Central India and of the means
of protecting the soil of the country from further destruction. The
paper is evidently the work of an experienced engineer and more-
over of one possessing considerable agricultural insight. Tt deserves
the closest possible study on the part of every Engineer and of
every District Officer in the country.

The damage done by erosion in the past in Central India was
referred to by Colonel Pitcher in his evidence before the Irrigation
Commission of 1901-03 as follows: —

““In all three divisions or ‘ Prants,” named, respectively, Gwali-
or, Isagarh, and Malwa, and comprising 6 districts apiece, are to be
found the remains of ancient irrigation works in the shape of bunds,
partly earthen, partly masonry. This is particularly the case with
Northern Gwalior where, in 1896 A.D., famipe was most severe. Iy
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the black soil tracts, remains of old works are fewer in number, but
are sufficient to show that it was found at some time or other worth
while to irrigate such soil.  To * Raju Man." who flourished about
H00 vears ago, is always ascribed the construction of these works.
Tt is certain, from remarks by Fry and other travellers, that in
former times Gwalior was the centre of a higher class of cultivation
than is now the case, and stone sugar mills or oil mills scattered all
over the country, often grouped in one place in large numbers where
neither cane nor oil-pressing is now carried on, evidence some re-
markable change of circumstances which may reasonably be nscrib.ed
to the existing waste of storm waters as compared to the practice
of ancient times. Not only have the districts become arid, but
the enormous quantity of surface soil washed off annually carries
away with it fertility, leaving to the cultivator the labour gf re-
cren.ting a fertile seed-bed on the subwoil. What appears to be
called for in Gwalior is the vestoration of humidity to the atmos-
phere by creating reservoirs and laurge evaporating surfaces of water,
and sites for such works abound.”

Soil erosion is, however, by no means confined to Central India.
In the great alluvial plains of Northern Tndia, where, at first sight.
the country seems quite flut, the amount of damage done by rain-
wash is enormous.  As in Central Tndia, the loss of soil by denuda-
tion in the valleys of the Ganges and Jumna is only generally
recognized when the erosion has proceeded fur enough to cut up the
country into deep ravines, which generally run back from the rivers
or low-lying arcas.  While this ravine formation is the most obvious
result of the scour, nevertheless it is likely that this form of damage
is of far less importance than the slow removal of fine soil from
all the high-lying portions of the plains, This form of eresion is
not very obvious at first and can only be appreciated after constant
observation of the run-off during periods of heavy monsoon rain-
fall.'  The muddy water running down to the drainage lines is
exceedingly rich in fine particles and this unchecked denudation
has, in the course of years, brought about very definite results in
the consistency of the soil.  The upper lands have hecome open and
sandy through the loss of fine particles, while the low lands have

' In the barren and uncultivated areas in Oudh, the rate of soil orosion during
recent years can be estimated by the amount by which the roots of the large trees

have been exposed by wash,  Tn mnny eases, the large roots are entirely laid bare.

and more than a foot of soil has been earried nway sinee the trees were planted.
The small shrubs on these arenas oecur on small hillocke and now stand at a
higher level than the general plain as they have protected the soil immediately
beneath them by their foliage and also by their roots.
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become stiff and heavy by the continued addition of new sovil. The
consequence is that high lands have lost to a great extent their power
of retaining moisture and only yield good crops with the help of
manure. The low-lying rice fields have received more and more
silt and the thickness of stiff soil has increased without any corre-
spouding benefit to these areas.

The extent to which erosion of the high lands is taking place in
the Bihar alluvium will be realized from some measurements made
in the Botanical Area at Pusa at the end of 1913. These were made
on gently sloping plots which received their own rainfall only and
which were slightly embanked to prevent loss of silt by rain-wash.
In plot 1 of the Northern Trial Ground, which slopes from south to
north and is 94 feet wide, the rise of the north edge amounted to 6'5
inches since 1909. Similarly, in plot 2 of the Pentagonal Field,
which slopes from north to south and which is 194 feet wide, the
south side has been raised 4'5 inches in the last four years. These
plots show in the clearest possible manner how great is the trans-
ference of soil from high to low ground during the monsoon. Very
good examples of the same process are to be seen on the large zerats
round the indigo factories. Fortunes have been lost in this manner
in the past but the damage has not been realized by the planters
as the loss of fertility by erosion has been made up by copious
dressings of indigo seeth. '

One of the most striking examples of loss of soil in Northern
India is to be seen in the larewa lands in the vale of Kashmir.
The karewas are high-level terraces, of considerable breadth, on
both sides of the valley and stand well above the general level of
the plain through which the Jhelum river now flows. These upper ter-
races slope very gently from the foot hills to the edges where the
descent to the river valley is quite abrupt. The karewas are ex-
ceedingly poor and grow small, miserable crops. All the fine soil
is being continually washed away by rain and nothing is done to
check the process. The result is that a vast amount of the agricul-
tural capital of Kashmir is yearly running to waste.

It is in the planting areas of the East however, that the most
striking examples of soil denudation are to be seen. In the hill
tracts in the centre of Ceylon, an area which is now covered with
tea estates, the original forest canopy was removed to make room for
coffee which later gave place to tea. Little or no provision was
made at the time to retain in situ the fine soil of the original forest
and, in consequence, the loss of soil has been ehormous and is still
going on. The water retaining power aud fertility of the tea soils
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of the hill regions of Ceylon have fallen off on account of the loss
of fine particles and large sums are spent annually in adding green
and other manures to the land. The agricultural capital of the
Island has been allowed to run to waste and can never be replaced
by any system of manuring. This short-sightedness is remarkable
considering the local examples of terracing for rice on the slopes of
the valleys where the preservation of the soil has been carried to
a fine art,'  There is no doubt that the best way in which the plant-
ing industry of Ceylon could have been ussisted would have been
by the enforcement of a regulation to terrace immediately all lands
from which the forest canopy had been removed. 1 have heard that
such a regulation is in force in Juva. 1 am not familiar with the
local conditions of the planting iudustries in the Federated Malay
States, in Assam, and in Southern India, but 1 understand that in
several of these tracts such as the Malay States, Southern India and
the Durjeeling tea tract, this question of rain-wash is one of the
greatest importance. It is diflicult of course to remedy the mistakes
of the past by any measures open to Government, but it seems to
be a matter for consideration whether something cannot be done in
the future in India where forest land is sold for planting purposes.
The difficulty will be to frame rules with regard to terracing which,
while allowing of the development of the country, nevertheless check
the destruction of the natural agricultural capital, namely, the fine
soil, rich in organic matter, made by the forest. The aim should be
to allow the development of the country to go on but to prevent the
dissipation of its nuturul resources. The example of Ceylon is
sufficient to indicate the damage which results in these matters from
the absence of a strong, guiding hand.

A consideration of the above examples of erosion in India leaves
no doubt that the natural agricultural capital of the country, the
soil, is slowly running to waste, 'This loss of fertility reacts on
crop production and therefore on the well-being of the people. This
impoverishment means debt, incrensed linbility to diseases like mala-
ria and finally rural depopulation. The gradual denudation of the
soil of the country is the real *“ economic drain ”’ in Indin. A little
consideration must show that the first condition of improving crop
production in Indiu is to take steps to stop this constant erosion and
to keep the cultivated soil in its place. Unless denudation is stopped
and the fine soil is retained, it is clear that the provision of improv-
ed varieties of crops, of irrigation facilities, of improved credit, of
better cattle and implements will not yield their full results.

1 Seo H. W. Cave, The Book of Ceylon, London, 1008.
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II. Water-Logging.

In India, water-logging is often associated with soil erosion.
When land has to deal with water, either as direct rainfall or in
the form of flow, at a greater rate than it can be absorbed readily,
the destruction of the porosity of the soil follows in the majority
of cases. This is particularly so in fine, silt-like soils where
most of the particles are very small and where there is no great
range in diameter. Many of the soils of the Indo-Gangetic plain
belong to the category of silt-like soils and are particularly liable
to the destruction of their porosity by heavy rainfall or surface
flooding. The pore spaces of the soil become filled with water, air
is expelled and the particles slip into a position of closer packiug.
Such a condition is frequently produced during heavy falls when,
in addition to the direct precipitation, the surface drainage from
higher lands runs over the country towards the rivers or low-lying
areas.

The degree to which water-logging takes place in India varies
greatly. Every gradation is to be seen from slight damage to a
crop to the production of saline efflorescence and the formation of
permanent, stagnant swamps in which no cultivation at all is possible
beyond a little precarious rice growing near the edge. The occur-
rence of slight water-logging can only be detected by a trained
observer, who has learnt how to read his practice in the plant.
The production of swamps, on the other hand, is of course obvious
to all, but between these two extremes a vast amount of damage to
crop production is being done every year which is only very dimly
understood at the present time.

One of the best methods of detecting the occurrence of water-
logging is a close observation of the growing crop. One of the first
things to be noticed, in cases where the porosity of the soil has been
destroyed, is a slowing down in growth and the production of yellow-
ish foliage. This is often exceedingly unhealthy in appearance,
and, if the roots are entirely deprived of air, as is sometimes the
case during the monsoon, a diseased condition, described as wilt,
ensues and the plants finally die outright. Beaides the poor growth,
the yield of water-logged crops is naturally low and the produce
poor in quality. The signs of water-logging, however, are by no
means confined to the monsoon crops themselves. The best examples
are perhaps to be seen in the succeeding rabi crop, even in cases
where no rain has fallen during the whole of the cold season. Grown
on land, the porosity of which has been destrdyed by water for long
periods during the monsoon, the succeeding rabs crops show all the
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signs of water-logging. The foliage is thin and yellow, the growth
poor and the root system badly developed and near the surface.
Such crops never stand the advent of the hot season but dry up
quickly, although there is abundant moisture in the subsoil. They
starve in the midst of plenty, on account of the fact that they do
not root deeply, and therefore cannot make use of the subsoil mois-
ture. This result follows from the want of ueration in the subsoil
of such water-logged lands and to the fact that the roots cannot
breathe for want of a proper supply of oxygen gas.

The damage done to crops by water-logging seems to be due to
two main causes—Ilack of aeration' and the destruction of nitrates.
1f the soil is not veutiluted properly, o full supply of oxygen does
not find its way iuto the ground for the use of the roots and soil
organisms and the carbon dioxide, which is formed in the soil
in Jurge quantities, cannot escape into the atmosphere.  The result
is that crop production is limited—directly by the want of air and
indirectly by the inhibiting effect of the accumulation of earbon
dioxide. Besides these effects, wuter-logging, if continued for some
time, leads to the destruction ot available nitrogen in the soil.?  In
the Bihar alluvium, these substances are produced in abundance at
the beginning of the monsoon, particularly if the land has been
cultivated during the hot season and, in the ubsence of frequent
water-logging and weeds, are always available for the succeeding rabi
crops.  Water-logging, however, destroys the available nitrogen
as will be clear from an experiment made at Pusa in 1910. In that
yeur, o plot was purposely water-logged during the month of Septem-
ber in order to compare its behaviour with normally manuged land.
Acvoss the middle of the plots, a strip was manured with nitrate of
soda just before sowing with wheat, the total amount added being
four ewt. to the acre. At first, ihe water-logged area did best due to
the ‘nbundunt moisture but, after the tillering period, it rapidly fell
])Plllp(] the areas on either side. The nitrated strip, in the water-
logging areu, soon became well marked bhut was hardly distinguish-
able on the control plots on either side. The yields are given in the
following plan, from which it will be seen that the effect of o month’s

water-logging was to reduce the yield of wheat by about 16 bushels
to the acre.

’fI‘he subject of soil ventilation in India has been dealt with in dotail in
Bullstm No. 52, published during the present venr.

It must not be forgotten that the soils of India are most frequently water-
logged during the monsaon when the temperature ix high, whon the soil or-
ganisms are active and need large quantities of oxygen.  Anv interference with
the air-supply of the soil at this period will naturally produce the maximum
amount of harin,
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The result of water-logging wheat land at Pusa in 1910.

Nornial cultivation. Whater-logged during September. . Normal cultivation.

34-45 15-55 29-14

/

34.45 15-55 29-14

The numbers in the plan are bushels per :.cre,

Examples of water-logging are numerous, not only on the soils of
the great plains but also on those of Peninsular India. On the
black cotton soils, certain varieties of cotton suffer from wilt during
the monsoon and, in the succeeding rabi, the wheat crop often shows
by its foliage and weak growth the result of previous water-logging.
These effects are probably associated more with the nitrogen supply
than with aeration of the roots, for, on these soils, extensive crack-
ing takes place during the cold weather which must lead to very
copious soil ventilation. The contrast between the poor vegetative
appearance of the wheat crop, in parts of the Central Provinces, and
that on well-drained lands in Bihar and other parts of the plains
is extraordinary, and all the symptoms indicate that denitrification,
during the monsoon phase, has taken place in the former case.

The clearest examples of water-logging are to be seen, however,
in the Gangetic alluvium, both in the United Provinces and also
in Bihar. In both these tracts, local unevennesses in the crops are
very common. Any partial holding up of the surface drainage and
any slight concavity of the fields, due to depressions or to the misuse
of iron ploughs, lead to local water-logging, +to loss of available
nitrogen and to the destruction of the porosity of the subsoil. In the
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succeeding wheat crop, these areas give rise to a weak growth with
yellow foliage and poor yielding power.!

In Bihar, the evil effects of water-logging are perhaps more
abundant than in any other part of India.  The silt-laden sheet
of water which, during periods of leavy rain, frequently creeps
over the surface from the high to the low-lying areas, does far more
harm by destroying the poresity of the soil and by producing deni-
trification than uny benefits conferred by the newly deposited soil.
This was very evident some years ago at Pusa and also on the Dholi
estate.  As soon, however, as the low-lying areas were protected
from surface wash, a marvellous improvement began which has
continued steadily since.  Unfortunately, the whole of the low-
lying lands in North Bihar cannot at present be protected by surface
drainage. In years of flood, large areus of the country are inun-
dated und the water does not subside for many days. The monsoon
crops of the fooded ureas ure partly destroyed outright, while the
damage done to the next rabi crop is enormous.  Any method, by
which the general drainage of North Bihur can be improved, would
confer almost as much benefit on this tract as the most successful
irrigation project has given to areas which were formerly desert.

Some of the irrigation schemes carried out in India have, unfor-
tunately, resulted in u certain amount of dumage by water-logging,
particularly in the immediate neighbourhvod of the main canals.
In tracts like Amritsar und Sabaranpur, percolation has raised the
level of the subsoil water so near to the surfuce that crops can be
grown either barani or at a small expense by lift irrigation from the
wells. In some of the canals in the Western Districts of the United
Provinces, the soil is so permeable und the loss of water so great
that masoury linings of the main channels have become a matter
worth consideration. In these Districts, the soils are somewhat sandy
and flood irrigation does less damage to the porosity of the land than
in soils like those of the Chenab Colony. This very circumstance,
fortunate as it is to the cultivators, leads, however, to great loss
of water by percolation through the main canals and to a good deal

'In somo casos in India, both manurial and varietal oxperiments are in.
fluenced by the effects of water-logging. This is cnused by unevenness in levels,
due to tho misuse of iron ploughs; by raised grass borders between the -plots and
by the want of facilities for surface drainage. FExperiments carried out under
such conditions give very variable rosults, the figures of ono year contradicting
those of the last. An inspection of tho actual experiments during the vegetative
period shows that a water-logging factor, which naturally varies with the season,
is cutting across the whole scheme and is introducing an unknown quantity,
obviously greater than any possible differonces due to the varieties or to the
manures.
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of local water-logging. In all new canals in such soils, it would
Rrobably pay to increase the initial cost of the project by permanent
linings and to recover the extra interest in the form of water saved
and in the protection of the country on both sides of the canals from
water-logging.

The system of irrigation, in some of the river deltas of Madras,
by the construction of anicuts across the stream, leads, in some cases,
to water-logging. In the Godavari delta, the rise of the water level
and the flooding of the surface has led to soil conditions favourable
to disease in the sugarcane crop and the old varieties have had to
be replaced by more resistant kinds. Besides affecting the well-being
of the crops, this irrigation has given rise to a general insanitary
condition of the villages of this area, a matter which was referred
to at the Third All-India Sanitary Conference held at Lucknow in
1914.*

Some remarkable results in Bengal, which can probably be ex-
plained by water-logging, have been published recently by Dr.
Bentley.?2 This investigator states that—

‘““In the deltaic areas of Bengal, still subject to inundation by
silt bearing river water, malaria exists to so slight an extent as to be
almost negligible and deltaic areas, which have been deprived of
natural fertilizing inundations, have become malarious and un-
healthy.”’

» * ™ * *

“ T.he areas of il}tense malaria correspond, in a remarkable man-
ner, with the' deltaic portions of the country which have been de-
prived of their yearly inundations of silt bearing water, either be-

cause of natural changes or as the result of an artificial embanking
of the rivers.”

* * *» * ™

‘“ Turning once more to Central and West Bengal, we may note
that the greater portion of Nadia, Murshidabad, Hooghly and
Burdwan have been deprived of the natural inundations to which
they were once subject, by the construction of river embankments
In the old days, 50 or 60 years ago, these embankments were kep.t

! M. Ramchandra Rao, Drainage and Sanitation in Rural areas i
Presi é ! as in the Madrag
léiil,dgl.ni%,&;gupplement to the Indian Journal of Medical Research, vol. II‘,

? Bentl L i ) .
1014, pf“;'l.ey’ Supplemont to the Indian Journal of Medical Research, vol. T,
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in such bad repair that they did not prevent flooding of the country,
and their harmful effect was not apparent.  But shortly after they
were made really efficient barriers to the inundation, the protected
areas began to suffer in various ways.  The fertility of the soil has
been diminished, population hax declined, and malaria has increased
to an appalling extent.

A study of the conditions appears to show that the only effective
way of combating malaria in these areas is to encourage agriculture,
and bring once more under regular cultivation the aveas of waste
and fallow which are no longer cropped.  But to bring this about
it is essential that the fertility of the soil should be restored and this
can only be done cither by the use of manures or the utilization of
river silt.

That some such mensure as flood or basin irrigation would achieve
this result, appears likely judging by the effect of the recent floods
in the Burdwan District—where many areas have benefited by in-
creased crops and lessened fever.”

Dr. Bentley is no doubt correct in his muin contention that the
incidence of malaria in lower Bengal depends on the well-being of
the people and is closely connected with the extent to which the
rice lands are inundated with fresh river water. The silt, however,
probably plays a subordinate purt, and, as pointed out above
(p- 2), the real value of the inundation is in aerating the roots
of the rice crop. Where this inundation has been prevented by
embankments, as in parts of the Burdwan District, there is no means
of changing the water round the roots of the rice sufficiently. The
crops behave like those in stagnant water; production fulls off and
with it the resistance of the people to the inroads of malaria, The
interference with the well-being of the rice plant in all probability
placed the unfortunate ryot in u vicious circle, the result of which
has been, according to Dr. Bentley, purtinl rural depopulation.
It will no doubt be possible in these fever-stricken areas to mitigate
malaria by regulating the extent of inundation and so giving in-
directly the roots of the rice crop the necessary supply of oxygen.
The results of embankment in lower Bengal show how necessary
it is to make no ulteration in the natural drainage of the country
without first of all considering the needs of the crops. If the wants
of the crops are provided for, no damage is likely to result. If, how-
ever, as in some of the dry areas, where water-logging is produced
by canals, and in the deltas, where in coustructing embankments
to check floods, the needs of the rice plant are forgotten, serious
damage to the country is bound to result in the long ruu,
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Up to this point in the present paper, an attempt has been made
to indicate the damage to India which is taking place by unrestricted
erosion of the soil by rain-wash. In the first place, large quantities
of the real agricultural capital of the country, the soil, are yearly
being removed and to a great extent lost. In the second place, this
erosion leads to water-logging which in turn, by destroying the
porosity of the soil and causing denitrification, leads to further dam-
age. Water-logging is also caused by canal irrigation, particularly
in areas where the main distributaries have to be carried across
permeable soils and also in the anicut method of irrigation in the
Madras deltas. Lastly, the protective river embankments in
deltaic Bengal, which are said to be associated with the pre-
valence of malaria, appear to interfere with the aeration of the
roots of the rice, with the yield of this crop and, in consequence,
with the well-being of the people. Having indicated the nature of
the general problem of erosion as it affects Indian agriculture as a
whole, it now remains to deal with the remedies which are within
the means both of the people and of Government.

III. Methods of Prew;enting Erosion and Water-Logging.

The evils which result in India from the erosion of the soil and
from water-logging can very largely be prevented. Both erosion
and water-logging take place because the run-off is not checked and
because it is permitted to gather strength and velocity on its way
to the drainage lines. Obviously, the principle to follow is to put
the monsoon into harness and to deal with it on the principle of
divide and rule. In this task, it will be an advantage if the mon-
soon 1s received on a well and deeply-cultivated surface, so that the
maximum proportion of the early rains are absorbed into the thirsty
soil. Many of the soils of the Peninsula crack to such an extent
in the hot weather that an ideal absorbing surface is natarally pro-
duced. In the Indo-Gangetic alluvium, however, this is not the
case and here it is essential to cultivate all vacant lands deeply and

- well during the preceding hot season. The absorbing power of such

a surface is very great, and, during the early rains, there is no run-
oft and consequently no erosion and no water-logging.

Two inexpensive methods of harnessing the monsoon are dealt
with in this section—embankments' and surface drainage.

! The principles of the methods indicated in this section are very similar to
those in use in Italy at the present time in the operations known as colmate ¢;
monte. An interesting account of the Italian work is fo be found in the papers
of Sir Edward Buck and of Messrs. Hutton and Clayton in vol. IT of the Supnle.
ment to the Indian Journal of Medical Research, 1914, e



14 SOIL. EROSION AND SURFACE DRAINAGE

Embankments,

The successful utilization of embankments for the prevention of
erosion depends partly on the nature of the soil as well as on the
slope of the surface. Keeping the land under water for a long
period naturally forces most of the air out of the soil. Unless the
subsoil can afterwards be aerated sufficiently for a rabi evop, it is
obvious that the plants will not get enough air for their roots and
therefore will not thrive, Embankment therefore will have little
chance of success for succeeding rabi crops unless the subsoil ean
be nerated afterwards.  As is well known, many of the soils of Penin-
sular Indin contract rapidly on drying and erack in all directions
and to great depths.  This cracking means copious aeration and this
occurrence renders possible the method of embanking on many of the
soils south of the Ganges and Jumna. The alluvial soils of the
Gangetic plain, on the other hand, do not crack to any great extent
after being submerged and these soils dry very slowly. There is
little or no natural aeration under such circumstances, and this fact
probubly explains why embanking for rabi crops on the Central
India method is not practised to any extent on the alluvium,

The liternture on embankments in Peninsular Tndia is consider-
able. The subject has been ably dealt with by Mv, Marsh (see Appen-
dix, p. 26) aud the extent of the practice in the various Districts
is dealt with in the Agricultural Ledger (No. 2, 1897) and also in
the Report of the Indian Irrigation Commission, 1901-03. Several
writers have dealt with the close conmection which exists between
embankments and the supply of water in the wells between two
mounsoons. There seems no doubt that, in sloping country, if the
surplus rain flows off unchecked, the water has insufficient time to
percolate into the subsoil and to reinforce the ground water. Un-
checked erosion in such localities leads therefore to another source
of loss, namely, to all the disadvantages which follow from a low
and precarious water level in the wells. Not only is the supply of
the drinking water affected but the labour of lifting water for irriga-
tion purposes is inerensed.

There are two weak points in the svstem of field embankments
in Peninsular Tndia which are of some importance. Although in
many places where the soil is deep, where the slope of the ground
is comparatively small and where people are energetic, embanking
is a common practice and much good results, nevertheless there is
hardly any provision’ for the discharge of the surplus water. The
whole of the rain is often held up and the fields hecome shallow
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ponds. This is a disadvantage in two ways. In the first place, to
hold a large volume of water for a long time, even where the sl’ope
is small, the bunds have to be made very strong and one or- two
breaches in a series might easily lead to very general damage to the
whole and to the escape of a large volume of water, which would
take with it much valuable soil. 'Where the slope is considerable,
these difficulties increase and sudden leavy falls would be almost
certain to break a whole series of embankments. The second dis-
advantage of the existing system is the practical certainty that the
flooding of the land for long periods must lead to denitrification and
consequently to diminished 7abi crops. The wheat crop in many
parts of the Central Provinces certainly looks as if it is suffering
from a lack of available nitrogen and the whole subject.seems wel)
worth investigation from this point of view.

The disadvantages of embanking do not appear to be insurmount- \

able. If the bunds could be combined with a suitable drainage
system, by which the clear surplus water is run off, all the advan-
tages connected with the prevention of erosion and with abundant
percolation into the subsoil would be obtained while denitri-
fication would be checked. Such a drainage system would only
be possible, on sloping ground, by the provision of permanent
stone falls or concrete pipes such as are in use in Italy. The people
are unlikely to devise such a system themselves and would, in the
first instance, at any rate, need the help of an engineer. Indeed
the whole problem of raising the present method of field embank-
ments in Central India from its present primitive condition to the
dignity of a dl.'aina,'ge system, comparable with Italian practice, is
largely an engineering matter, and moreover is one which will cali
for considerable experience of local conditions as well as technical
knowledge. Amateur efforts would, in many cases, only end in failure
and disappointment which in turn would probabl\; prejudice the
consideration of well-thought-out projects in the future. One point
would have to be allowed for, namely, the occasional use of flooding
in the eradication of kans grass. This, however, would easﬂy be
possible by the simple process of stopping drainage in any particular
unit of a series of fields. ’

Besides the question of construction, the combination of embank-
ments with drainage presents other difficulties. These relate to
land tenure, to maintenance and to supervision. Tt will at once
be obiected that methods which are vpossible on large estates in
Z'l'taly do not apply to a country of small cultivators and zemindars
impressed with the importance of their own rights. The answer t;.
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these objections would appear to be somewhat as follows. The small
cultivator is after all a person of u somewhat limited point of view
who is not likely to appreciate the value of uny change except by
actual demonstration, T it can be shown, by a few well-chosen
and well-executed examples, that the present system of embankments
can be improved and that the enhaneed production more than pays
the cost, a drainage project will stand on a somewhat similar footing
to that of a canal or tank. It is more than likely that o demand
would arise for small drainage projects and that they would be
appreciated as much as a supply of irvigution water. That there
exists in Peninsular Indin a vast field for experiment and for the

application of engineering knowledge to agriculture seems un-
doubted, '

The Pusa system of surface drainage.
Y )

A drainage system, suitable for the Gangetie alluvium, which
at the same time prevents soil erosion, has been worked out during
the last few vears at Pusa’ and is now being adopted ou the indigo
estates in Bihar. The small differences in level which occur in
this tract make masonry falls for currying off drainage water
unnecesary, except in very rave cases and turfed channels are ull
that is necessary in this system. The method congists in dividing

up the country into areas of from five to ten acres and surrounding
and sides of which are turfed to

these with trenches, the borders
prevent cutting. The field . trenches communicate with larger
channels which carry the run-off either to low-lving rice areas
or to streams and rivers. The size of the field trenches will vary
according to the amount and distribution of the rainfall. In
Bihar, it has been found that channels, four feet broud at the top,
two at the bottom and eighteen inchos deep, suffice in most cases.
A grass strip, about a foot wide, should be left on the field on
each edge of the trench to prevent breaching by the run-off and
it is an advantage to let the grass grow on the sloping sides as
well. . The roots consolidate the soil and, after the first vear, there
is little trouble from breaches. A good deal of attention is
necessary during the first monsoon in repairing the edges and in
checking cutting. Tt is best to dig the trenches in the hot weather
and to plant the sides and edges with dub grass on the early rains,
During the monsoon, the trenches silt up to some extent and it is
necessary to clean them out every hot weather, the soil being
' See dgr. Jour, of {ndia. vol, IX, p. 197, 1914 Supplement to the Indian

Journal of Medical Reaearch, vol. I, 1914, p- 36; Puca Rulletin 33, 1913, and
Quarterly Journal of the Indian Teq Association, p. 24, 1914,
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These dr.inage maps have been in use for some time in the Irriga-
tion Department of the United Irovinces and are suid to be more
useful in laying out canal distributaries than any professional
level maps.

The Pusa method of drainnge has been found of the greatest
use in the Botanical Area at Pusa in connection with the plant-
breeding and other work. The disturbing influence, which water-
logging introduces into so many of the varietal trials in India, has
been removed and it has been found possible to take up such studies
a8 the inheritance of quantitative characters in a sensitive crop
like tobacco. The system is now being rapidly taken up on the
indigo estates in Biliar with most promising results. Two years
ago, a beginning was made on the Dholi estate and, in 1914, the
system was greatly extended. The Manager of the estate (Mr. E.
C. Danby), in a letter, dated 16th November 1914, reports on the
results as follows : —

‘T have now some 600 bighnx at Dholi and my outwork, Birowlie,
drained by surface drains on the Pusa system,

The improvement on all the lands is very marked, especially at
Dholi where most of the lands ure on a slope and the high lands
suffered from loss of soil from rain-wash und the lower lands used
to be water-logged at the time when they should be cultivated for
rabi and indigo crops.

The advantage derived from the drainuge is most marked in the
low-lying lands which were formerly my poorest lands and these
lnst year gave me as good or hettor returns of wheat and indigo than
the high lands; and T am cortuin will still further improve. These
lands T am now able to keep cultivated through the rains and to
sow them at the rame time ns the higher landa.”

Many other indigo estates are now taking up surface drainage
and it is anticipated that it will soon he a feature of all the well-
conducted indigo estates in Bihar. One of the most satisfactory
results of the system has heen the immediate recognition on the
part of the ryots of the incrensed cropping power of drained lands.
On the Dholi estate, severa] areas which previously could not be
let to tenants at all and which had to be put under cheap crops
like onts were, after drainage, immediately let out at high rents
to tenants for the growth of chillies and tobaceo.! The tenants
have not regretted their bargnin and these drained fields, which
previously were either water.logged or eroded by rain-wash, are
now giving splendid crops. Similar experiences have been reported

.In 1914 one of these drained areas under chillies was let for ininety rupc;e.s
8 bigha, another under tobacco for one hundred and forty rupees a bigha),
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i indi tates such as Dowlutpore. The peqp!e are
ﬁl"(:amar(;gli ;:ggggr:;ned lands at higher. rents, a fact “fhmh‘llim-
ﬁxislés well for the development of drainage schemes in lZB1H=31.r.
Round the Jeetwarpore estate near Samastipur, Mr. Dalrymple Hay
reports, in a letter, dated February 4th, .1915:— e
T have been going in for your ('lralnage scheme and. nd 1
very paying and to give proof that 11.: is sound, some of I}atlves }{:::»,
doing it on their own lands, after seeing the good results from w

I have done.” .
Advantages of surface drainage.

The systematic drainage of indigo estates has been f]c;und .tlo
confer many advantages. Soil erosion 1s checked qnfl.t e fe:il 8
hich result from water-logging are avoided. The <.11v1smn o be
?:,md into five acre blocks, surrounded by trenches, is founf(il 113) e
very convenient in practice.’ The area of the.numbere('l e Astls
known with accuracy, the records conneete'd with croppm}ff, TO a:-
{.ir:)n and manuring are easily kept, the renting f’f la}nd. to}C t e ;Z: e:
;s facilitated, the trenches can be used for carrying 1rr1ga ion e
about the estate in the cold weather and the grass borders serve

paths. f
In the work connected with the management of monsoon

acco and rabi crops, drainage has been found to be
fi;noxz:.tf?;stiztance, particularlypwhen coml.)ined with hot .weather
. lf’ vation. One of the great difficulties in su}ch work, in years
p lormal rainfall, is to keep the lands clean without 1300 great an
of l;nditure of bullock power and to get the cultivation done.m
e;{p breaks of the rains. By controlling the run-off an(.l allow1.ng
tleh field to deal with its own rainfall only, it is found in practice
:;Zt .cultivation can be carried out by means of the five tine spring-
tooth cultivator at a very rapid rate and that weeds can be kept
der even in very wet years. Advantage can b? taken even of
unh t break to get over all the area, whereas without drainage,
‘[: sd(l)r sny of the land can be touched. Equal ?.dvantage.s are
olf::aiged at sowing time, particularly after the hathia, when tl.me,ly
sowings are most important. The high lands dry very qum:kly
d the low lands can be sown before the end of October. Besides
::ntrolling the rainfall, drainage enables an estate mana%er to bei
largely independent of the season. In addition to.years of norma

in moving reapers and carts over the trenches can be got

i d under the

latform, on a pair of small wheels {placed r ¢
ove:r;))y I\?ﬁ?&s 2:118 geoogft:‘!wg a'about by & pair of cattles When plllt 1!11 p'%;;ti(}):;
g‘;l;r a’drain', the wheels hang in the air and the platform remains <_ave wi  the

ground on either side,

' The difficulty



20 SOIL, EROSION AND SURFACE DRAINAGE

rainfall, when the run-off has to be got rid of, Bihar sometimes
suffers from a shortage of rain. The Pusa system of drainage is
found to be of great wse in such vears. When the land is well
broken up during the hot weather, all the early showers are
absorbed and, if a shortage of rainfall is feared, the lower edges
of the fields can be raised by throwing up a few plough furrows
and all the water can be absorbed. There will be no run-off
at all and the moisture can be preserved by a surface muleh pro-
duced by the spring-tine cultivator or with the lever-harrow.
The best orops of wheat yet produced at Pusa have been grown by
following this method in years when famine conditions had been
declared in the country round.

In indigo cultivation, drainage is also proving of great assist-
ance, Tt has been found that the well-heing of the indigo crop
depends to a large extent on the aeration of the root-nodules and
on the air-supply in the soil. Tf the porosity of the soil is destroyed
and the air spaces are filled with water, wilt' occurs and the
plants die. It is found that the yield of indigo on low-lying land
is increased by drainage, a result which is to be expected if the
manufacture of the indican depends on the well-heing of the root-
nodules. Tu the extension of sugar-cane cultivation in Bihar, drain-
age will also prove of use and should certainly not he neglected.

Drainage, by increasing the depth of aeration in the soil,
enables an estate to improve its rotation and to substitute valuable
for cheap crops.  To u great extent the value of the crops in Bihar
depends on soil aeration, Deep rooting plants and these which
need a good deal of air in the soil are, for the most part, valuable
crops, while surface rooting plants like barlev are cheap crops.
Drainage enables rather low-lying lands to be put into such crops
as wheat, rahar, Java indigo and even tobacco. A proper drainage
system in Bihar will probably lead to a deereased production of
surface rooted crops like harlev and to an increase in the area
under wheat, The present distribution of crops depends on soil
aerntion and the most valuable ones are always to he seen on the
high lands, not because these lands are intrinsically the best, but
because it is only on such arens that their roots ean get a proper
supply of air. The present distribution of rahar and tobacco
illustrates this point very well.  When the lower lands are properly
drained and cultivated, it is quite likely that they will produce
very heavy erops of tobacco, and so add greatly to the producing
power of the country.

1 Sca :Clecﬁnd Report on tﬂe Tmprovement of Indigo in Biimr, Agr. Jour. of
India, vol. X, part 2, 1914.

SOIL EROSION AND SURFACE DRAINAGE 21

The development of drainage in Bihar.

The importance of drainage in the economic development of
North Bibar is very great and there is no doubt that the produc-
tion of the whole country could be almost doubled by this means.
Drainage is a fundamental matter in agriculture as on it dependf
both the aeration of the roots of crops and the activity of many
usetul soil bacteria. It is of no use applying manure to water-
jogged land or to attempt to spread improved varieties ‘of crops
under such conditions. At present, it is clear that a very
large part of North Bihar is water-logged during the monsoon and
that the land is partly ruined thereby for the succeeding rabi
crops. Too much emphasis cannot be laid on this basic fact. The
juture of Bihar agriculture depends perhaps more on soil aeration
thau on anything else.

Many circumstances are favourable for the extension of a
large drainage project, on scientific principles, in this area.
The difterences in levels are small so that much of the water
can be carried in earth channels and very little masonry work
will be required. Labour is cheap and abundant and most
of the work can be done by the people themselves. ‘It is important,
however, to have, first of all, a working-plan of the whole area
<o that the surplus water can be disposed of to the best advantage.
In years of short rainfall, all the run-off will be required for rice.
In years of average and heavy rain, there will be too much for this
purpose and a good deal will have to be got rid of direct into the
rivers and streams. If a large number of independent and uncon-
trolled drainage schemes spring up, it will be very difficult later
on to contrel them, whereas if proper working-plans are laid down
in the first instance, it will be easy to get people to fit local
schemes into the main project. There is, after all, only a small
number of rivers of limited carrying power in this area.
In a proper drainage project for this tract of country, all the drain-
age lines would have to share in the work and no one of them
should be overloaded with water as might easily happen if drain-
age is carried out indiscriminately. The well-being of the rice

crop is anothey argument for a complete drainage project.
As stated above (p. 2), one of the first conditions for a good
paddy crop is the provision of a proper supply of aerating water
for the roots of this plant. Rice will not thrive well in stagnant
water or in water in rapid motion. It lovgs very slow moving
water. It would be an advantage therefore if much of the water
now sent direct into the rivers could be passed slowly through.rice
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ch.aurs and the surplus finally discharged into rivers lower down. It
might even be possible to connect up a whole series of chaurs and
to pass much of the drainage water from the Nepal hills slowly
through these rice areas to a point lower down and so relieve the
rivers. The rice would benefit und besides a valuable weapon in
flood prevention would be obtained.

The construction of a detailed drainage wap of the uren is the
first step to be tuken before the drainage of North Bihar can be
vonsidered as u whole in u scientific way. The rivers would have
to be studied in detail und the possibility considered of increasing
the drainage of the country by opening up some of the old river
beds and converting them into additional drains. The drainage
map would enable a complete project to be framed which would be
of the greatest usc both to the people, to the zamindars and to the
indigo industry. To the uadministration, such u working-plan
would be of the greatest value in many ways.

Auother aspect of drainuge in this tract hus not been dealt
with, namely, the use of power in water lifting. So far, the
system has only been tried on rather high-lying lnnds where the
run-off can be got rid of by gravitational flow. 'There is, however,
a lurge urea of the country under rice, the yield of which depends
on the rainfull. The paddy crops are almost everywhere precarious
und depend on the distribution of the ruin. In years of flood,
they are often destroyed altogether. When the hathia fails, the
yield is poor and it is somewhut rare to have a really good rice
crop over the whole of North Bihar. This is reflected in the low
rents obtained for rice fields compared with the high rates which
are readily puid for high-lying land. If some of the higher rice
areas could be drained, they would go up at least twice in value
and would produce very fine crops of wheat as is shown by the
behaviour of the continuous wheat plot at Pusa. There seems to
be an opening for large drainage schemes! in this part of India
by which the surplus rainfall on these rice areas could be lifted to
the drainage lines by powerful pumps of the Roturbo type, which
are adapted to deal with muddy water. The amount of water
that would have to be raised is not very great and the height to
whi.ch it would have to be lifted is only n few feet. The
drained regions would of course have to be cut off from higher lands
by catchment canals and the lower ends of the area, near the
pumps, would have to be excavated to form collecting tanks in

! Some years ago, some successful work in power- Vdminago \;';s carried out
:n ggpfi%l&)Chapman's estate in the Partabgarh District (4gricultural Ledger,
0. 186, .
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which rice could be grown. In calculating the surface water to
be got rid of, some measurements of the amount of standing water
left after rain on cultivated rice land would have to be made.

A successful drainage scheme in North Bihar would lead to the
extension of the work to other parts of the plains such as i‘:he
Punjab, the United Provinces and parts of Bengal. These drain-
properly planned, would do at least as much for these

age schemes, {
: 1 irrigation has done in the desert areas of the Punjab..

areas as caha

IV. Drainage Maps and Working-Plans.

The amount of work required to check soil .erosion. over a
country the size of India and to combine this with drainage 1is
enormous. It is evident that such a work cannot be undertaken
by the State and, it is equally clear, that the people could not do
it unaided. Much, however, could be done by the State and
the people working together. If the state. could.employ a f?w
first class engineers to study the question in detail, to.superwse
the construction of drainage maps and to draw up working-plans,
the way would be prepared and the energies of the people could
then be directed into profitable channels.

Drainage maps. It would seem to be difficult to improve on
Qir Edward Buck’s method of constructing drainage maps and it
is fortunate that this economical system is available. Where-
ever the country has been surveyed, the ru:n-oﬁ could be marked
on the map and the drainage lines determined.

The utility of such maps in India at the present tiple floes not
end with drainage schemes. They would prove of service in many
other aspects of the economic development of the country. They
could be made use of in laying out new rf)ads and new railways.
These projects must naturally conform with the general contour
of the country, not only on account of the cosf, of constructn?n and
of damage by floods, but also on account of 1.ntc?rf§erence with .the
natural drainage. As is well known, when this is interfered with,
reh often accumulates and the agricultural value of the affected
land falls in consequence. Similarly, these drainage maps W'ould
be useful in irrigation works and indeed in the United Provinces
they have been employed successfully .for many years. cher» uses
suggest themselves, such as town-planm.ng §chemes, malarial studies
and projects connected with rural sanitation. In the general ad-
ministration of the country, good drainage maps, on a suitable scale,
would be most valuable. - All kinds of questions.arise from time to
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time which have to be settled by District officers and which involve
the rights of others and the well-being of the country. Drainage
maps in many cases would be of great help in deciding many prob-

lems relating to land, to water, to communications and to town-
planning.

Working-plans.  The services of competent engineers would
naturally not stop at the counstruction of drainage maps. It is
only a step from these to the drawing up of well thought out drain-
age projects for lurge areas of country, These could be split up
into sections corresponding with the District or Sub-division and
would thus be available for all drainage works undertaken in that
administrative aren,  Many enterprising zamindars and co-operative
societies might make use of these schemes, the execution of which
would thus obtain all the official support possible. The working-
plans would be invaluable in all famine relief work and in schemes
reluting to the improvement of rural samitation. ¥or the Agri-
cultural Department, whose sole concern is the improvement of
the production of the soil of India and whose district orguniza-
tion is bound to come more and more in contact with the people,
hoth the detailed maps and the drainage working-plans would be
invaluable.  There would obviously be no point in opening new
farms or conducting operations in water-logged tracts uuntil the
drainage of these areas had heen tuken in hand.  The existence of
maps and the working-plans would often enable a good Deputy
Director of Agriculture to initiate many a minor drainage project
and so pave the way for other agricultural improvements.

Pusa,
February 6th, 1915,
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APPENDIX.

PROTECTIVE WORKS IN CENTRAL INDIA!

BY

H. Marsu, C.1.E,,

Consulting Engineer for Protective Irrigation Works, Central India.

“I am disposed to think that the most productive parts of
the surface of Bundelkhand, like that of some of the districts of
‘the Nerbudda territories, which repose upon the back of the
sandstone of the Vindhya chain, is (sic.) fast flowing off to the sea
through the great rivers which seem by degrees to extend the
channels of their tributary stream into every man’s field, to drain
away its substance by degrees, for the benefit of those who may
in some future age occupy the islands of their delta. I have
often seen a valuable estate reduced in value to almost nothing in
a few years by some new antennee, if I may so call them, thrown
out frem the tributary streams of great rivers into their richest
and deepest soils. Declivities are formed, the soil gets nothing
from the cultivator but the mechanical aid of the plough, and the
more its surface is ploughed and cross-ploughed, the more of its
substance is washed away towards the Bay of Bengal in the Ganges,
or the Gulf of Cambay in the Nerbudda. In the districts of the
Nerbudda, we often see these black hornblende mortars, in which
sugarcanes were once pressed by a happy peasantry, now standing
upon a bare and barren surface of sandstone rock, twenty feet
above the present surface of the culturable lands of the country.’

Thus wrote Sleeman some seventy years ago about Bundel-
khand. His remarks are still true, except where enlightened
administrators have encouraged and assisted the people to check
the denudation by the construction of embankments. Nothing
strikes the observing traveller in Central India more than the
depths of the great river channels, their tributaries and even the
small rivulets that feed them. This physical character leads to
disastrous effects in a country, specially prone to famine, which
is gradually being depopulated. Not ¢nly do the deep rivers and

* Reprinted from the Agricultural Journal of India, vol. I, 1906.
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their afluents carry oft the good soil, as described by Sleeman, but
they also lower the subsoil water level, so that wells dry up, and
cause serious privations to man and beast. Yet the position is
not at all irremediable, and in this article 1 propose to state some
of the measures likely to effect practical tmprovements.

The peasants are quite aware of the value of arresting the rapid
drainage from their fields, not only for the purpose of conserving
moisture for sowing and maturing the spring crops, but also as
an infullible method of improving the fertility of the soil itself.
Here lies, therefore, n prime opportunity for the various rulers of
Central India to encourage this industry by every means in their
power. In some States, I believe, considerable progress is reported
where rulers have guaranteed proprietary rights in land protected
by embankments, and in others useful State loans have been made
with the same object. In British Bundelkhand and the Central
Provinces, uctive measures have been taken for the coustruction of
scientific field embankments to immerse ureas of about 20 or 30
acres, and these sfforts are sure to meet with success, if not neglect-
ed. But such action cannot have the same great effeet, as would
be obtained if the majority of cultivators could be induced to pro-
tect their own fields.

Where an embankment is made which affects the interests of
soveral individuals, but is too small for State management,
difficulties are sure to urise about its maintenance.  One man wants
to cut the bank of his immersed field so as to commence ploughing
for the spring crop, whereas another wants to retain the water for
his rice plants. Then, again, there is often trouble about the
injury to standing crops from the escaping water, whilst the
necessary annual repair causes ditficulty unless there is a strong
village headman to arrange about these matters. Thus, although
large embankments are of immense value and particularly so where
there is an enterprising village headman, yet they do not have the
same permanence s small banks made by u cultivator round his
own field. The truth of this statement is rendered patent by the
many neglected embankments found in Central Indin. As an
example, I may quote a few lines from my own notes in 1905,
regarding Makhoni village in  Datia State : —*“ About 1893 a
Soukar called Sibhu made u lot of bunds in Makhoni, and then
died. The heavy rain of 1894 burst them, and they have never
been repaired. I think they could be put right for very little.
At present, however, the village is without an enterprising man
like Sibhu, and apparently nothing will be done until he turns up.
The eastern half of Kheri has got into the hands of a strong
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So.ukar, and there the bunds are in good order, and the wells are
being worked with great effect.”’

Again, the following extracts from Mr. Impey’

Report of the Jhansi District for 1893, show th(le) {nfmfzzzle::lazz
of small embankments:—‘‘ Though not exactly a source of irri-
gation, but rather a means of conserving the benefits derivable
from rainfall, the system of field to field embankments, found
especially in Moth and the north of Jhansi, may here be men-
tioned. It can scarcely be said ever to have received the atten-
tion it deserves, for it is unquestionably of extreme value in protect-
ing land against both erosion and kans, it recommends itself to
the people themselves more than any other ambitious schemes, and
it has a direct fertilizing effect.”

] L ] L L ] *

““Field embanking is the simplest of all matters. A small
earthen ‘bundh,” from 2 to 6 feet high, is thrown up along that
side of a field, which is crossed by the drainage from the field.
Flanks are added, if necessary; or if the slope be very inconsider-
able, the field may be enclosed by bunds on all four sides. One or
two feet of water can in this way be kept up until after the end
of the rains, and the land is thoroughly soaked before the winter
sowings. In some parts of Moth and the north of Jhansi, series
of these small bunds are found all down prolonged drainage slopes
and the land over which they have effect increases in darkness an(i
in fertility every year.” ‘

» * » * *

*“The advantages of the system are numerous. The people
are willing to throw up the embankments, and to take takavi for
them. The rain water is retained for the ground on which it
falls, instead of seouring into nallahs; and as the nallahs are de-
prived of their supplies, they lose their velocity and power of cut-
ting back into the good land above them. The productive power
of tlze land is increased, and kans,* where it exists, is drowned
out.’

I bave consulted many skilled officers on the subject of this
form of protection, who all agree that it is of the utmost value in
tracts of good soil, but that the cost would not be recouped in
areas of poor gravelly formations. Every ope seems to think that

* Saccharum spontancum.
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field embankments will repuy the outluy on fairly good soils (locally
known as mar, kabur, parwa, and the yellow rakar), but not in
the case of such poor soil us red * rakar’ which is cousidered too
porous. Still it seems n pity thut the last named formution should
be ullowed to be denuded and 1 recommend the employment of
State labour on such work in times of scarcity or famine. A great
gain must be effected, if the water is compelled to enter the sub-
torrunenn reservoirs instead of rushing along the surfuce, increus-
ing storm discharges in the nalluhs und carrying off wmore good
land. On this matter, Mr. W. H. Moreland, Director of Agricul-
ture, United Provinces, writes to me as follows: —" Turning now
to the tructs where the svil consists of disintegrated rock more or
less in situ, or South Bundelkhand as spoken of by your vorre-
spondents, 1 think myself they are inclined to underestimate the.
cumulative effect of retaining the finer soil particles, instead of
letting them wush off. The soils being too course in texture to
hold water to the best advantage, it is obvious that reteuuun.of
the finest particles meuns gradual amelioration, as disintegrution
progresses; while to let them wash out, means no ameliorution and
possibly deterioration. But there is unother consideration uffect-
ing the water supply in wells both for irrigution and for domestic
purposes.”” Mr. Molony hus gone closely into this point in his
book on wells. 1 extruct the following from his wunuscript (now
on its way to the printers): —** In the rock well tract, 7.c., parts
of South Bundelkhand, Mirzapur, etc., the underlying rock has
not the same capacity for storing water us the sundy subsoils of
the Duab. Consequently, when a severe fuilure of the rain ocours,
the evils of fumine ure often very much aggravated by a water-
faumine. The ouly thing thut can be done is either to prevent the
rain running oft into the rivers by holding it on the land where it
falls, or by taking the water out of the strenms and pouring it on
to the lund lower down by means of canals.”

L) ® » . .

*“ Another method is to make a number of small embankments
or field embankments, each of which will hold up a little water.
Even if such embankments hold up the water for a few days or
hours only, they may be the meaus of saving quite a considerable
portion of the rainfall.”

Enough evidence has now been brought forward, to show what
solid improvements can be effected, even in the small States where
expert engiueering ussistance is seldom availuble. The Irrigation
Commission were quite alive to the value of such work, and have
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rema,rkedz——“'l‘he practice of embanking fields has received con-
siderable impetus dur.ing the recent years of drought; and we
have no doubt that if immediate advantage be taken of the present
teeling in its favour, a great deal of valuable protection can be
afforded to the province at a small cost.”

. » L 2 » *

«More than one of our wilnesses has stated that, on an

AveTage, embanking doubles the outturn.”

¢« Again, two large embankments made in 1897, by Seth Nathu
Ram, & Malguzar in the Saugor District, protected his village
so effectively, that he not only kept his tenants on the land, but
Laid all his revenue in the year 1900, when his neighbours both

Jost many of their tenants, and failed to pay their assessment.”

Turning now to a consideration of another form of protective
k, I think that there is very fair scope for developing perennial

wor ' . .
jrrigation 1 Central India by the construction of canals of moder-
e size. The Ken, Dassdan, Betwa and Sindh rivers are all fed

from extensive basins, covering several thousand square miles.
Fven in the driest years, these rivers pass off immense volumes of
water, far more than would be necessary for. all required irriga-
tjon, if there were.only reservoirs to hold it. Then again the
p]lei"""l conformation of these drainage arteries is peculiarly
ﬁtt‘ed to the comstruction of magniﬁcent storage sites. For cen-
puries huge floods have .been broadening and deepening the beds,
with the apparent object of eventually breaking the rocky
over which the water has to leap at intervals. We have,
gherefore, numberlessj reservoirs already roughly fashioned out by
,;aturer and the engineers have been left with the simple task of
equip}’i“g the rocks with the necessary masonry and gates.

»
parriers

The experience of t_he Betwa canal has taught the Irrigation
D epnrtment that no reliance .shoul‘d be placed on the cold weather
‘d,’schﬂrges of a Centra} Indian river. Advantage must be taken
of the absolutely certain monsoon floods with their numerous op-
- rtunities of storing vyater, until the necessary volume is secured.
With this object in view, th? reservoir at Paricha was increased
by 50 per cent. in 1901, and in '1907 the capacity will be doubled
by the construction of a new weir, already weéll advanced.

When this security has been reached, there is no doubt that the
eople will undertake the cultivation of sugarcane, early cotton
ond other valuable cTops, and gradually approach the stage of
comfort and affluence attained by the cultivators along the Jumna
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and Ganges canals. Tt is easy to show that Government will also
gain by its activity in the matter. The Betwa caunl was opened
in 1884, but though of great use as a protective work against
famine, its revenue was less than its cost of maintenance until
1903, when the results of the extra storage began to be felt.
During the twelve preceding years the average annual area
equalled 37,000 acres, but it has steadily increased to 64,000 acres
in 1902-03, 78,000 in 190:3-04, 118,000 in 1904-05, and 162,000
neres in 1905-06,

These facts indicate the truth of a well known remark of Sir
Thomas Higham, K.C.L.E., late Inspector-General of Irrigation,
when he stated that to make a canul successful, money must be
poured in as well as water. I am in great hopes, therefore,
that surveys now in progress will prove that invaluable protective
works are possible from the Sindh river, from the Upper Dassdn
and from the Upper Ken. When these projects are advanced,
a move can be made to examine the remaining great rivers of
Central India.

As regards lukes and isolated storage sites, there is no doubt
a wide field for enterprise and unlimited work, but progress is
bound to be slow, for a large estublishment is required for obser-
vation and survey. But while the preparation of new schemes is
in hand, much may be doue in restoring old works, which are
studded throughout the country. The causes of their failure are
often due to mere neglect, but in many cases it is feared that the
banks were cut with the expressed object of cultivating the rich
soil in the beds of the tanks. This is a penny-wise and pound-
foolish policy, as every drop of water should be conserved in
Central India for the purposes of () strengthening the uunder-
ground reservoirs; (b) creating dew, and reducing the aridity of
the climate; and (c) increasing the comfort of man and beast.
Moreover, the aren gained by draining a tank is not so large as
that which would be protected along the fringe of the water and
below the embankment.

In the case of very old tanks, Mr. Sturt, late Assistant
Commissioner of Jhansi, has noted that he considers their ruin
to be due to the increase of flood water which now rushes down
the nallahs. 'This increase he attributes to the denudation of the
country, and he was of opinion that the same volumes did not
exist in the Chaudal period, when water was jealously held up in
every available spot and not allowed to accumulate into over-
whelming floods,
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Well irrigation is a.splendid industry in Central India, but
in a year of drought it is sad to see these sources of supply fail,
when the crops are suffering, forcing the cultivators and their oxen
to be idle. The fact is that well irrigation is not antagonistic, but
is ultimately dependent on the forms of protection already dealt
with, 7.e., field embankments, lakes, and tanks, riverweirs and
canals. These three systems all tend to retain the water in the
country and raise the spring level, which will no doubt bring
back into use many an old well.

Regarding the effect of arresting the flow of rain water by
the construction of lakes, it will interest readers to quote the
exact words of Mr. Sturt, which were written more than thirty
years ngo:— There is no questioning the fact that Bundelkhand
was once a most flourishing province, supporting on its own pro-
ductions a vast population, the extent of which it is now difficult
to realise. There are numerous signs to prove beyond any doubt
that extensive crops of sugarcane and other most valuable produce
were raised in every part of the district with the help of well
irrigation. Numerous old lakes, tanks, wells, and stone sugar-
mills, which are found scattered about all over the district, testify
to the fact, and are the monuments of the industry and science of
the past ages. None but an immense community, such as we
imagine the population to have been some ten centuries ago, could
have undertnken the colossal works of that period, some of which
still exist and defy decay. To the population and nature and
extent of cultivation of that time, the existing condition of the
district, and indeed the whole of Bundelkhand, can hold no com-
parison, and the difference is hardly credible. Taking Jhansi as
a fair sample of the best of Bundelkhand, we find the proportion of
the cultivated area to the area of the whole district 47-33 per cent.
producing indifferent crops of all kinds and grain in quantities
which are barely sufficient even for the support of the present
scanty population, the average of which before the famine of 1868
was 203 souls per square mile. The kharif crops are extending,
while the rabs which are more valuable, are proportionately dimi-
nishing (a certain sign of the poverty of the people) not so much
from any paucity of plough cattle and cultivators, as from the
loss of fertility of the soil, and loss of the means of irrigation. The
former is attributable to the effect of surface drainage, and the
latter to the fall of the spring-levels of the country. This fact is
most apparent to everyone who has lived in these parts and studied
the subject.  According to my idea the evils described above may
be considered as the principal causes which have led to: the present
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reduced state of cultivation and poverty of the cultivating classes.
And, as said before, these evils are the common result of the rapid
flow und the scouring nction of the surface drainage which, un-
checked hy artificinl means, has worked its full destruction on the
soil.””  On this point Colonel Corbett, after giving the proportion
9f the mineral particles contained in the rain water states regard-
ing the deterioration of the soil :—** Hence the benefit of allowing
rain to penetrate instead of allowing it to run off the surface, as in
the latter case these mineral matters are lost to the soil, and not
only are these lost, but also organie matters of all descriptions
!lmre may be on the surface; the minuter particles of the soil, for
instance elay and lime, are wanshed out from between the coarser
particles, which are mostly silicious sand. Thus the high land
remains mere sandy so0il.””  Colonel Carbett's experience, however,
was that of the level countries of Rohilkhand and Oudh. If then,
we find the wasting process of surface drainage so great in those
parts, what must be its effects on undulating country like that
of Bundelkhand? Many instances exist in which the land, which
at the settlement had been recorded as mar and good class of parwa
has now turned into rakar and patro vespectively, and the cause
of this is clearly traceable to the influence of *“nallahs”’ and
ravines subsequently formed, or incrensed in dimension since the
settlement. Instances of the converse conditions also are present,
in which the land has improved and changed from the inferior
to the superior deseription, by dumming up of streams and building
up embankments round fields.  Old temples, mosques, graves,
wells and the like, built out in the open, show in a marked way
the oxtent of wastage which has taken place on the surface of
the ground; the very foundations of the old huildings are now
m.(po‘sed. The formations of the ravines ure in themselves a con-
vineing proof of this phenomenon, and if further facts are re-
quired, the field survey of 1835 may be compared with the lately
made maps, and it will be seen that the most startling changes
have oceurred in the loss of culturable land and extension of barren
plains and ravines. The culturable aren decreases as the ravines
and rivulets extend, which they are constantly doing, towards the
watershed of the country, converting the fertile soil into sandy
waste or gravelly barren land—the residue of the overrich soil,
after having had all its fertilizing particles washed out of it by the
action of surface drainage.

" The loss thus incurred in the cultivated area is more serious
than any damage caused by saline eflorescence in the Duab, as
the latter is temporary and remedinble in course of tjme, hut the
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mer is almost irrecoverable and permanent after it has once
a certain stage. Under the circumstances the matter
he most grave and serious consideration of Government
bject of introducing measures for the prevention of
if not for the restoration of part of the land destroyed

described.

for
1'euched
deserves t
with the o
further loss,
by the causes

With the results of surface drainage above described before us, it

-2 not surprising that the felztility of the Bundelkhand soil has
:1 teriorated, and that the spring levels have fallen to a depth at
w(ilich jrrigation is rendered almost impossible.

In regard to lake irrigatio@, it_sefams'that none of the old lakes
Are pl‘o\'id“d with any extensw(? 1.rr1gat10n works, and it appears
‘thut irrigation from lakes was l}m1ted to the marginal land which
was offected by the system'of lifts or dal, and 'to the land lying
below the luke, supplied with water by percolation. It is, there-
fore, clear that the.lakf*s were not constructed for the primary pur-

oses of direct irrigation, but .that the constrgctors 'had in view
the more important .ob]ect, vf’h.mh now-a-dz}ys 1s desxgn.ated ‘“in-
divect penefit,”’ that is, the raising and.keepmg up of spring levels,

aalizing the temperature by supplying humidity to the atmos-
eq vaiding pasture for cattle, etc., and no doubt these

Jhere, and £ .
are the principal objects for which lakes should be constructed.
Irrigation from wells was ce‘rtainly the .pr.incipal mode of irriga-
tion l,mctised in the ancient tl.mes, and it is my i:Irm belief that
it is even nOW the only practicable system, and by the general
;ntroduction of which the country would derive a permanent bene-
at. That this loss of the means of irrigation throughout the
ountry is due to the fall of spring levels is unquestionable. The
c tence of stone-mills, wells and other irrigation works proves
rrigation at the places where they stand, but now in
these places the spring level hag gone (.lowu to 100 feet below the
gurface, and thus land has deteriorated into an unculturable waste.
There must of course be many theoyles to account for this; and:
Jifferent ones must be sulta.ble to different parts of the country.
For this Bundelkhand province, I not only agree in considering
the rapid drainage of rain water from the surface of the ground,
as One of the causes Wthl.l have aﬁe_cted the spring levels of the
country, but from observations made in the course of twenty years’
experience in these parts, I am quite convinced that it is the
rincipal, if not the sole, cause of the phenomenon in question.
The reverse conditions are also. to be, founnd wherever water is
stored or by the nature of the soil allowed to be absorbed into the

exis .
the use of i
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ground ; there the spring levels are found to lie close to the surface.
The spring levels in the wells at Magarpur, Jawan Sakrar, and
many other neighbouring villages, are kept up close to the surface
by the percolating influence of the Arjar lake. Fruit and timber
trees of all kinds thrive and grow to an immense size along its
course, and ploughing is rendered casier there. The same may be
said of all villages situated in the vicinity of other lakes. The
construction of the Pachwara lake has had the effect of raising the
spring level of wells all round it for several miles, us shown by the
registers kept up by the Irrigation Department. All these facts,
[ trust, go to prove that I have not based my convictions on mere
hypothesis.

There is one more method of improving the conditions of
Central Tndia which T should like to mention before closing this
article, and that is the improvement of communications. A good
deal has heen done already in opening railways and main roads,
but the feeder lines of communications are very difficult, which
prevent people from getting their produce to market and moving
about the country. There is no possibility of finding funds to
make these minor ronds anything better than fair wenther lines,
but communications would be greatly improved if the available
money was steadily spent at the difficult points, /.., in easing the
descents into nallahs and ascents over passes. Over the rest of the
roads nothing is required except the removal of rocks or obstruc-
tions, and no money should be ever lnid out in raising tracks unless
there is every promise of metalling them in the near future.
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Second Report on the Improvement of

I. Introduction.

Tug results obtained, up to the end of 1913, on the improve-
went of indigo in Bihar were published by the Bihar Planters’
Association in January of last year and copies were then distri-
buted to the members. It is not proposed to recapitulate here the
contents of the first report but to deal with the progress which has
been made during the year 1914.

There are five main directions in which the indigo industry
can be developed by scientific methods. These are as follows:—

(a) The production of an ample supply of good, well-grown
seed at the lowest possible cost and with the least
trouble to the planter.

(b) The production of the maximum yield of indigo and of
seeth from the plant now grown.

(c) The improvement of the plant by selection so that the
yield of indigo and of seeth can be still further increased.
The selection work, both on Java and on Sumatrana
indigo, is in progress at Pusa and the results will be
published next year. ' '

(d) The preparation of finished indigo, in a standard form
of high purity, suitable for the Home dyers.

(e) Indirect improvements, such as the production of more
valuable cover-crops for Java indigo and the discovery
of methods of increasing the efficiency of seeth as a
manure, : o

The present paper deals with the progress made in establishing
the seed supply, in improving the yield of indigo and also in find-
ing a more valuable cover-crop for the Java plant. Nothing has been
attempted in the direction of studying the manufacturing process
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with the view of discovering the best way of producing pure indigo-
tin direct from the plant. This ix not necessary for the local trade
but it will have to be taken up if natural indigo is to make any
progress in the Furopean market. One of the great advantages
of the syuthetic product is that it is easily manipulated in the
vats, whereas natural indigo varies greatly in composition and
dyeing power and therefore requires expert supervision. Under
maodern conditions of production, this is a great disadvantage.

II. The Manufacture of Indican.

From the standpoint of the plunter, the indigo plant is grown
mainly for the sake of the indican in the leaves. There is a bye-
product called secth, which consists of the plant residues after
extraction and which is a very valuable manure, In the manu-
facturing process, the green plunt is steeped in water, the indigo
is precipitated, collected into cakes, dried and sold as a dye. Ttis
usual to apply the term manufacture to the process of converting
the indican in the cut plant into indigo cakes in the factory. This,
however, is not the whole matter uas the indican itself has to be
manufactured first of oll by the growing plant. The present sec-
tion deals with the manufacture of indicun by the plant and with
the conditions under which this process goes on. It will be clenr
that this is the centre of the whole subject and that the future of
the indigo industry in Bihar awill depend, first and foremost, on
the capacity of the planting community to apply the principles set
forth below and make the plant produce the marimum amount of
indican,

Indigo is a leguminous plant and, like all members of this
order, is characterized by a high percentage of nitrogen in the seeds.
This nitrogen oceurs in the form of proteids and is placed there
hy the plant for the sole purpose of nourishing the seedling in
the first stnges of existence and supplying the protoplasm of its
growing cells with nitrogenous food until it can lead an indepen-
dent life.

When sown, the indigo seeds at first make no growth above
ground beyond the two small seed-leaves. All the development
is subterranean in the form of roots, and, at a very early stage, and
before the first real leaves are produced, swellings, known as no-
dules, begin to appear on the roots. Soon afterwards, indican can
Ye detected in the first real leaves but thia substunce has not yet
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been found in the seed. These root-nodules are of the first import-
ance in indigo (as in all leguminous crops) and, as will be seen later,
everything in indigo cultivation and also in the separation of the
indigo from the green plant in the factory, depends on the successful
working of these root-nodules' and of the roots.

The essential points about these nodules are two. In the first
place, they contain bacteria (Rhizobium) which have the power
of assimilating the free nitrogen gas of the atmosphere and working
this up into materials from which the indigo plant makes the pro-
teids it requires and also the indican in its leaves., In a sense, the
first stage in the production of indican is the module of the indigo
root and the source of this indican is the nitrogen of the air. In
the second place, the food of the bacteria in the nodules is supplied
by the plant and, for this purpose, substances of the nature of sugar
are passed down from the leaves into the nodule to feed the bacteria.
The arrangement is a true partnership between the bacteria and
the indigo plant. The bacteria produce from the air the materials
for making proteids and indican, in return the plant feeds the
bacterin with sugars formed in the leaves. Leguminous plants,
however, if grown in soil rich in nitrates, do not form nodules but
absorb the nitrates direct in the same manner as other plants do.
These essential facts of the work of the nodule, ix the plant eco-
nomy, must be clearly grasped at the cutset as on this depends the
understanding of this paper and the perception of the principles
on which the improvement of indigo depends. It must also be
remembered that those parts of the indigo ropt which absotb water
and miveruls also requiré air and will not work in the absence of
oxygen gas.

The development and nqtivity of the root-nodales of indigo
tuke place best when the plant is grown on somewhat poor land.
On such land, the soil contains little nitrate, and, accordingly, the
nodule-factories are working at high pressure to supply the proteids
required. Large amounts of the nitrogen and oxygen of the air
are used up and thé leaves of the indigo become rich in indican.
Every planter knows that indigo grown on rather poor land (zilla
indigo) gives the best yield of finished indigo and often the best
colour. Poverty of soil in nitrates 1s one of the conditions for the

! The well-being of all leguminous crops in India depends on the aeration
of the root nodules. It is true that the place of leguminous crops in agriculture
has long been understood and the réle of the nodule is now recognized, The
‘*\Kriltf:ulturist, however, does not always apptaciaté the needs of  the nodule
itself. . - . S
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production of numerous nodules on the roots and incidentally of
high indicun storage in the leaf.

When indigo is sown on rich land, containing a high proportion
of organic matter such as seeth, the number of nodules formed on
the root is small and the bacteria in them do not work at any
great pressure. 1n such soil, nitrates are formed in abundance and
the indigo plant then behaves like tobacco und tukes up its nitrogen
by way of the 100t-hairs, in the form of nitrates dissolved in the
soil water. Under such circumstances, the growth is rapid but
little indican is accumulated and, if such plant is steeped, it gives a
small proportion of indigo and moreover of poor quality indigo.
This fact is also well known to planters and the inferiority of the
crop from highly maunured land, compared with zille indigo, is
understood by all.

The activity of the root-nodules reaches its muximum about
the time the plant is rendy to ower. At this period, the leaves are
ulso rich in indican. At this time, however, the indican in the
leaves begins to be called upon by the plant and to be utilized by
the flowers and developing seeds. It is said that if the indigo
crop bursts into flower, the yield of finished indigo will fall off
and the colour will suffer,

The activity of the nodules depends on two main factors—a full,
continuows supply of air from the atmosphere and a supply of food
from the leaves for the nodule bacterin. 1f either of these two
things is interfered with, the nodule-factory does not work. As
regards the supply of air to the soil round the nodule, this is at first
an easy matter in Bihar provided the surface-soil is well and deeply
cultivated und if crusts, formed by rain, are broken up whenever
they occur. When the monsovon sets in however, difficulties in
the air-supply of the nodules begin. 1f the monsoon is short and
there are no large falls, the nodules get enough air and, if there is
a succession of such years, the air-supply in the soil is abundunt and
Java indigo reuches its maximum development. 1f, however, there
is a heavy ruinfall so that the soil is pucked by rain and the
nir spaces destroyed and filled with water for long periods at a
time, then the supply of the essential air to the nodules and to the
roots generally is cut off and the activity of the whole root-system,
including the nodules, is stopped. At the same time, no further
indican can be produced. When this happens, the whole economy
of the plant is upset and it cannot manufacture any more food.
A starvation period sets in and the reserves are called up. As at
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flowering time, there is an immediate run on the reserve indican
and this is consumed. If the plant in this starving condition is
cut, it will give a low yield of indigo of poor colour just as flowering
indigo does. As the starvation process proceeds, the plant begins
to look unhealthy, the leaves fall and alter in colour and at la§t the
stuge, known as the wilt disease, appears. This is not a @sease
but the last phase in starvation, resulting from the destruction of
the nodule-factories and of the absorbing portion of the roots, the
activities of which have come to an end. This has been brought
about by the cutting off of the air-supply by the heavy rains con-
solidating the soil and filling its pore-spaces with water. This
cutting off of the air-supply is not due altogether to the rain which
falls direct but is partly produced by the surplus water which runs
off higher lands towards the low places. If this run-off from other
areas could be prevented, the damage could be lessened and it is
here that the Pusa method of drainage comes in to assist the indigo
plant and the indigo industry. We should expect if the above is
true, that indigo grown on land heavily manured with organic
matter would show wilt sooner than indigo grown on poor land.
The former has very little stored indican in its leaves and is not in
o proper condition to withstand a famine. Experience shows that
this is so, and that these heavily-manured plants are very prone to
wilt and even die off completely before the plants on poor land have
used up all their stores and begun to show signs of the trouble.
' Besides cutting off the air-supply, the activity of the nodules
can be interfered with if the bacteria in them are not fed by the
plant. When young Java indigo, sown in August for seed, is cut
down to the ground in October when about a foot high, practically
all the plants die and very few shoot again. At this stage, little
or no reserve food has been deposited in the roots and the nodules
die of starvation. A few plants, however, just manage to survive
and here again the new growth is wilted. At this stage, there is
no reserve laid down and the whole plant rapidly dies of starvation.
The importance to the indigo crop of the nodules and of the
absorbing roots is manifestly very great. Any interference with
the partnership between the plant and the bacteria means a loss of
indican and any serious trouble means the death of the plant, a
condition which is reached through a wilting phase. The success-
ful management of the indigo crop now becomes plain and simple
and consists in running the nodule-factory to its.highest pitch._ Not
only is the yield of indigo thus increased, but the condition of the
finished product is improved and good colour results.
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Ill. The Improvement of the Yield of Indigo.

It will be clear from the preceding section of this report that
the improvement of the yield of indigo depends on the supply of
air to the roots of the plunt and to the muaintenance of the aeration
of the soil. It will be equally clear that the present practices in
Bibar in growing Java indigo are about the worst that could
be devised und that, in the past, the indigo plant has never had a
proper chance. There has been no attempt at proper cultivation
and nothing has been done to increase the air-supply by means of
surface drainage.  The crops obtained have been the result of
chance; sometimes the colour has been good but most frequently it
has been poor and only a low price has been realized.

The improved methods of cultivation that should be adopted
with both Java and Sumatrana indigo are indicated in this section.

Cultivation of Java indigo. This plant is usuully sown in
October under a rabr cover-crop. As soon as the cover-crop is
removed, the surface should be broken up as deeply as possible by
means of lever-harrows. In this way, the soil is werated and a
full supply of air finds its way to the roots. The indigo at once
responds and new, healthy growth takes place.  This harrowing
must be done as soon as the cover-crop is tuken off and before the
land bakes and gets foul with weeds. It must be thoroughly done
and two to three inches of fine soil must be left on the surface.
Weeds are also removed by the harrowing und the moisture is con-
served. The main object, however, is to supply the nodules with
air so that they can make new growth and store up indican. Any

crust which forms by rain must be broken up by the harrows, other-
wise the air-supply is cut off.

When the plants are large enough towards. the end of April or
early in May, the indigo should be cross-cultivated, as deeply as
possible, with the five tine spring-tooth cultivator.? A few plants
may be uprooted but this does not matter as the indigo must start
the monsoon with as much air in the soil as possible.

' The best type of lever-harrow to use is the two-scction harrow made by
the Massey Harris Company, Toronto, Canada, price 1290 dollars, f. 0. b., New
York. The orders for these harrows should be pooled by the Planters' Associa.
tion and the makers should be instructed to erate the wooden bars. otherwise
these will disappear at Calcutta during the unloading process at the doeks.
One pair of Bihar cattle will draw these harrows casily.

? An agency for the supply of these cultivators has been ostablished in
Muzaffarpur. If the lochl supply is inadequate, orders should be sent to
Messrs. Volkart Brothers, Lyallpur, Punjab.
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The land on which indigo is grown should be drained by the
Pusa system so that each field has to deal V\Tith. its own ramfall' only.
This method was referred to in the last indigo repf)rt and it has
been carried out, with great success, on the .Dhoh estate. Any

lanter can now see for himself this method in use on the large
scale. This drainage system controls the rainfall and. prevents
waterlogging to a great extent. Consequently, under this 1.netl.10d.,
the air-supply in the oil lasts longer and the danger of WIHE is dimi-
nished. -Further, by keeping the nod}lles: worlflng by the increased
air-supply, the colour of the ﬁnishe.d indigo will be. 1mproved..

The adoption of these methods in most cases will result in two
good cuts of indigo. After this, the s.tul.nps should be dug up and
the land put into rabi crops. If t.hls is not done, the lanfl gets
foul with weeds. None of this indigo should, under any circum-

e kept for seed. - S o
StmlC(':z;;i:atim}: of Sumatrana indigo. This plant‘ is sown a.tb the
beginning of the hot weather, and, in.ord:er to bring the moisture
near enough to the surface for germination, the land has to be
compacted to a great extent. By this means the gferatlon of the‘
soil is partly destroyed and the young roots are liable to suffer
from want of air. As soon as the plants are l.arge enough, th?y
must be cultivated with lever-harrows and this mugt go on till
about three inches of loosé soil have been worked up. The root
system of this plant is not as strong as tl?at. of Java indigo, so the
spring-tine cultivator should be used with care. After the first
cut, the land should be 'vs}rlorke((lrup an(} gel;a_t_ed by means of the

i i i “or the ordinar ough.
Sprl‘l?l‘;g‘l;:e?eso:llllnt‘::t::;oist‘, low-lying }lralll)ds, 'gt'he ‘so01l should be well
cultivated beforehand so that there is a good supply .qf air. Apy
loss of moisture will make little or no dlﬁerence as it is air—not
water—which is important in such cases. o

Pruning indigo at the first cut. It will be clear, from the point
of view of the plant, that the whole economy will be upset ~wl}en
it is cut down completely at the first cutt.mg. The transplrat.lon
current will be stopped and the stumps v'nll blfsed. The n‘ourlsh-
ment of the bacteria in the root-nodules will be 1.nterfered with and
a great deal of the reserve food of the plant will b.e t?kep away.

A few leaves should be left to carry on the transpiration c.url:ent
and also the naked branches at the base of the plant. This is a
great advantage in wet years like 1918, when at Pus?. the total yrel.d
of ‘leaf was increased by about 30 per 'cent.;by this means. This
method of taking the first cut-involves no extra expense and only
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w little trouble in teaching the coolies. It is no advantage to take
the old wood to the steeping vats, indeed it is a positive disadvan-
tage, as the cost of transport is increased and the concentration of
the liquor is lowered. The seeth is also of less value. To the indigo
plant, struggling to make new growth in semi-waterlogged condi-
tions, the maintenance of the transpiration current by the few leaves
left and the reserve food in the old wood make all the difference
between life and death and besides accelerate the new growth.

The methods of cultivation advocated in this section were
partially put in force on the Dholi estate for the 1914 crop. The
result was a record yield of 235 seers of indigo and of 170 maunds
of green plant per bigha. This is only a beginning and still better
results are easily possible.

IV. The Seed-Supply of Java Indigo.

An ample supply of well-grown seed of Java indigo is the first
condition of progress in rehabilitating the Bihar industry. As
pointed ont in the first report, the area under this crop fell from
70,000 bighas in 1910 to 15,000 bighas in 1913 largely on account
of the difficulty in growing the seed.

In connection with the seed-supply, it must be remembered that
Java indigo is a leguminous crop and, in common with other mem-
bers of this group, the seed contains a high percentage of proteids.
Leguminous plants assimilate atmospherie nitrogen in their root-no-
dules and by this means manufacture substances which can be work-
ed up into new proteids in the leaf. Until the nodules are formed
on the young roots, they are dependent on the reserve proteid
stored in the seed. On this account, it is essential that when legu-
minous seeds are sown they should be well ripened and of good
quality. Hence, too much attention cannot be paid to the seed-
supply in indigo. - With 'poorly-matured seed, the seedlings have
no proper chance of establishing themselves and an uneven crop,
full of weeds, is bound to result. During the last few years, the
quality of the seed sown has been very poor and this is one of the
reasons why the crop has degenerated so markedly.

In the first report, the following 1ecommendahon was made on
the sub]ect of growing seed : —

““The Pusa experiments on the growth of Java indigo for seed
point to very definite conclusions. In wet years, like the present,
a_crop of really good, seed is, as a rule, impossible after cutting
the indigo for leaf. In future, leaf-growing and seed-growxng
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should be regarded as separate things. For seed, Java indigo should
be sown about the middle of August on high-lying, well-drained
lands. The seed should be sown in lines, about two feet apart, so
as to promote branching and ensure abundant pollination. At
first, cultivation and crust-breaking should be carried out with the
lever-harrow but when the plants increase in size, interculture and
weeding should be done by means of the Planet Junior hand-hoe.
Grown in this way, indigo escapes the so-called disease and large
crops of good, well-grown seed can be obtained.”

This method gave good results on the Dholi este and a fine
crop of seed was obtamed in February 1914. The plants, however,
were rather too thick, but during the present crop they have been
thinned considerably and stand about nine inches apart. The
result is shown in Plate I, and it will be seen that an exceptionally
fine crop has been obtained. The weight of seed will be determined
and the figures published in the next report. As far as can be
judged at the time of writing (December 16th), the yield of seed
will not fall far short of ten maunds to the acre. Similar results
have been obtained at Pusa this year and, as far as this method of
seed-gmmng is concerned, the experiments carried out at Pusa and
at Dholi in 1913 and 1914 have been unlformly successful. There
is no doubt that this method of growing seed is very satisfactory and
that it should be adopted on all indigo estates.

The production of seed now offers no difficulty and y1elds of
8 to 10 maunds per acre can be obtained. High-lying lands, in a
clean condition, must be selected for the crop, and it will be a dis-
tinet advantage if the field is drained on the Pusa system. Sowing
must be done during the first half of August and the ordmary m(hgo
drill, in which alternate shares have been removed, can be used.
As soon as the plants are well established, the surface crusts should
be kept broken with the lever-harrows. This is essential if the best
results are to be obtained as indigo requires air for the root-nodules
and these nitrogen factories will not work properly if there is a
crust (papri). About the middle of October after the hathia, the
plants should be thinned by hand and they should stand about nine
inches apart. The crop should nmow be cultivated as deeply as
po:sﬂ)le both ways with the five tine spring-tooth cultivator, so
that the upper four inches of soil are worked up into a fine mulch.
On no account should thls cultivation be omitted. Weeds are
killed and the roots are given a full supply of air. The Toot-hairs
cannot work without oxygen while both oxygen and hitrogen are
-essential raw material for the nodulds. Tt has been stated above
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that indigo seeds are very rich in nitrogenous reserve materials
(proteids). This material is made by the plant from atmospheric
nitrogen and the first stage in the process takes place in the nodules
of the root. Air must therefore reach the nodule in abundance,
and, for this reason, the deep cultivation for seed in early October
Is essential. If thiy is not done and the indigo plants are left in the
hard, unbroken soil,, it is observed that they set very few seeds and
also begin to look unhealthy. The nodule-factory cannot work for
want of raw material and, in consequence, the supply of materials
for the seeds is not available. The seeds are therefore not formed.
A full supply of air to the roots is necessary for the production of
a good crop of indigo seed.

As pointed out in the first report, the proper spacing of the
seed plants is an important matter. The flower of Java indigo is
o bee flower and the visits of these insects are necessary to bring
about pollination. If the plants are too close together, they gene-
rally flower at the tips of the branches only and, even if flowers are
formed in the dense shade, the bees do mot visit them. Air and
light are necessary for the production of side-branches, for the for-
mation of flowers and for ensuring the visits of bees.

V. Indirect Methods of Improving the Indigo Industry.

There are two ‘11'1d1rect methods of improving the indigo industry,
namely, the provision of a more valuable cover-crop for

. Java indigo
and the better utilization of seet/

Cover-crops.  As regards a hetter cover-crop for Java indigo,
a new variety of wheat, Pusa 4, has been introduced which can be
grown with indigo on high lands. This wheat is a rapid grower,
does not tiller much, has a very strong straw and is provided with
few leaves. On this account, the young indigo plants get a full
supply of light and air and the two crops do very well together.
To give the indigo roots enough air, the mixed crop should be well
cultivated in November with the lever-harrow, the tines of which
should slope backwards so that none of the wheat is pulled out,
This wheat has been grown with indigo on the Dholi and Hat-
howri estates for some years and has done uniformly well. A gene-
ral average of twenty maunds of grain to the acre can easily be
obtained. The wheat stands up well and is easily cut by a reaper,
while in threshing there is no trouble. The grain separates out
easily in the machine and the sample is a very fine one. It is much
liked by the people and round Bunmhar and Hathowri the ryots
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are taking it up. A large supply of this wtheat. is _available for
seed on the Dholi estate this year. This variety is likely to fetch
a premium at the Calcutta mills, so an effort should be mad.e by. the-
Indigo Planters’ Association to establish a graQe of. Pusa 4 in Bllgar-
for the Calcutta market. Later, when the cultivation spreads, ship-
ments to England can be made. '

The efficiency of seeth. Asis well known, seeth is a very g09&
manure for tobacco, but its value depends to a great extent on its-
power of aerating the soil and of giving the tobacco ro'ots an am.ple
supply of air. Experiments are in progress at Pusa with the ul{]ect.
of getting a better return from seeti.t. Ev1denf3e has bgen ob?:amed
that if the tobacco lands are mixed with small pieces of tile (thikara),
the amount of organic matter for th_e crop can be reduced. Tl_le»
cost is not very great and a plot w!:uch was uflproved at Pusa in
this way nine years ago still shows its superiority. If the present
supply of seeth can be made to Produ.ce the same.results on two or
three times the area, the factones.w1‘ll be materially assisted and
the indigo industry will receive an indirect benefit. The large scale-
experiments on this subject will bfe completed by the end 0'.1’ the

resent year and, if the final result is successful, the method will be
brought to the notice of the planters. .

On February 10th, 1915, a large n?mjbgr of. t.he lea_dmg 1.nember§
of the Bihar Indigo Planters’ Assoc.latmn visited Dhohcm.or(.ier-
to see the improvements, referred to in the above report, in indigo-
cultivation and in drainage, carried out on an estate scale.

The Pusa system of surface-drainage was explained in detail and.
arens of the estate were shown which have been transformed by
surface-drainage in a single year. In ome case, a l.ar'ge area which

reviously gave little or no return, was seen in chillies, the rental
of which is now ninety rupees per bigha. In another.case,.some
of the land, which had previously been Tendered very infertile by
scour, was seen under tobacco under a rental of one hundred and
forty rupees a bigha. . .

There was a large area under Java indigo bear}ng. a fine crop
of seed and also mixed crops of Pusa 4 wheat and indigo. Levex.--
harrows and spring-tine cultivators were s';hown at work. This
visit was a great success and the demonstrations were f0119wed and
discussed with the closest interest. Tt is hoped that. meetings such
as this will take place every cold weather and that it will be found
possible to combine visits to Dholi and to Pusa.

2 k]
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The Manufacture of Jaggery in South India.

URING the last three years, first in the Madras P.residency. andtsub'sf:el:
quently in the Mysore State, I have been eond.u'ctmg expe.nmﬁf) ]: ;;1
power-driven sugarcane mills to ascertain the conditions under w ;cu de:y
can be usefully employed. A number of sucl‘1 plants had been.ms a ed 1tn
various parts of India but apparently with little suceess and it seetn.xe tho
me urgently necessary to discover why such an obvious improvemen 1111 te
methods of dealing with the sugarcane crop had not proved acceptable to
TOWers.
the I:lliga:;x:teg by every one that the ordinary country meth?ds of csrusixl-]
ing cane are primitive and inefficient. Numerous tests n.la.de in the 001111)
of India show that the average country mill can deal Wlf:h about 490 1bs.
of cane per hour and that it is a good day’s work for a pair of bulloc.zks to
crush a ton of cane. An average sugarcane crop in the Madx:as Pl:eSulency
will yield about 20 tons of cane, and allowing for off-days, '1t will take a
raiyc;t with a single pair of bullocks about a month to crush it. .The work
is very hard on the cattle and causes them to deteriorate very rapidly.
For no agricultural operation is the employment of power so easy a:nd
at the same time so necessary ; yet, the use of power-driven sugarcane mills
so far has made no head-way. A power mill may be of almost any ¢apa-

city, but for practical purposes the smallest size will crush about 800 lbs,

of cane per hour and has an output equal to that of two country n}ills.
Driven. by a small oil-engine the mill, however, can be run da.y.and mg?:t,
or say four times as long as a pair of bullocks can work, so that its capacity
is equal to that of two country mills each worked on shiﬂ';s of ab?ut 4 or
& hours each with four pairs of bullocks. Such. a mill will dea.l'vnth about
8 tons of cane in 24 hours or an acre of cane in 2} days. In most parts
of the country it is possible to arrange for a cutting season of. 100 days,
go that a small mill of this kind will crush 800 tons of cane in a year ;

equal to the produce of about 40 acres of cane cultivation. The mills used .

at the experimental installations were, however, of larger capa.wity than this,
Each mill was provided with three rollex.:s of 12 inches dxame.ter'a.nd 18
inches long and was driven by a 12 H. P. oil-engine, Tl.le capacity of such
a mill may be taken at one ton of cane per hour, but with good cane al}d
careful feeding this may easily be exceeded by 50 per cen{:,. Such a mill
can deal with about an acre of cane a day or with 100 acres in a season.
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THE MANUFACTURE OF JAGOGERY IN SOUTH INDIA

The first mill was set up at Singanallur in the Coimbatore District and
was worked in the latter months of 1912,  In1913 three similar plants
were established in the Mysore State and started work in the month of
April.  In 1914 a second plant was set up at Hospet in the Madras Presi-
dency and early this year a sixth installation has started work at Shikarpur
in the north of the Mysore State. Tn each case the plant has been set up in a
neighbourhood where sugarcane is largely grown ; and the rasyats were invited
to bring their cane to the mill to have the juice extracted and manufactured

into jaggery. It was not expected that there would be, and from the very

out-get there has becn, no trouble with the mills and the rasyats generally
credit them with extracting about 10 per cent. more juice than they them-

selves can obtain with iron mills worked by bullock power. At the end of
the first season’s work at each installation the results obtained were very
similar, It was found that the raiyafs were willing to cart their canea very
considerable distance to avoid the trouble of dealing with it themselves ; but
the rates they were willing to pay for the manufacture of jaggery involved
working the installations at a loss. This loss was obviously due to the total
unsuitability of the indigenous methods of boiling down the juice to jaggery.
The 12” x 5” roller mill erushing a ton of cane per hour suppliesin that
time sufficient juice for twe country pans, and it takes from 5 to 6 hours to
work off a pan of juice, To keep the mill going, at least 12 pans are
required. Each pan is put over a separate furnace and requircs a separate
fire-man and when these men were compelled to work off two pans a day,
there was generally trouble and not a few pans were Lurnt or otherwise
spoiled. It was impossible to secure any regularity in the firing with the
result that sometimes 3 or 4 pans would beready at the same time and
there was not a sufficient number of men to attend to them. It was only
possible for the Superintendent of the factory to get through the day’s work
with an inordinate amount of worry and trouble and by employing a large
und expensive staff of men. Night work was found to be impracticable.
Every day there was a large loss of heat due to the cooling down of the
furnaces after one or two pans of juicein each had been worked off. With
hired coolies as fire-men, it was found difficult to get them to use the megass
and large quantities of fire-wood had to be supplied. By itself, the megass
was insufficient to boil down the juice but the hired men practically refused
to use it and at the end of the season there was a large stock of megass at
each mill that had not been burnt.

In 1918, at the three installations belonging to the Mysore Government,
14,822 maunds (1 md.=25 1bs.) of jaggery were made and the expenditure on
fire-wood alone was Rs. 8,228. A review of the season’s work showed that
it was imperatively necessary to devise improved methods of boiling down

1HE MANUFACTURE OF JAGGERY IN SOUTH, INDIA . S

the jnice and that unless this was done, it was cerfain that these small
installations could not be made successful.

Action along two lines was possible. The calorific value of the megass
was known to be more than sufficient to provide all the heat necessary and
it was decided to provide a suitable megass-burning furnace arranged either

(1) to evaporate the juice in open pans placed over suitably constructed
flues ; or

(2) to generate high pressure steam in a boiler and use this steam to
evaporate the juice.

The first method of dealing With the problem was taken in hand at

! s were constructed, finally resulting in
once and a number of trial furnaces w " de;m.be' relting

the system, which it is the object of this paper :
heati{xg arrangements involv]ed a somewhat lengthy correspondence Wltf;
makers of such machinery in Europe and the order for the pl?.nt was 1n0£
placed till after the outbreak of war and up to the present time the p ’.mt
has not been received. This might have been very inconvenient, bu
fortunately the first method of dealing with the problem has PI’OVﬁd so
successful that the results of the second method, whatever they may be,
are already to some extent at a discount. The new furpaces were In use
at the three Mysore installations thronghout the whole of last year and
though in other respects the conditions under which the milling was done
were very unfavourable, 13,688 maunds of jaggery were made without any
expenditure on fuel and at all the three installations a small profit- was
realized without increasing the manufacturing charges of the previous year.
Worked to their maximum capacity, as these installations should be, during
the cane seagon, the output of jaggery from each should be about 6,000
maunds in a month, and the three installations should have turned out
60,000 maunds in the year. As 2 matter of fact, entirely through the
failure of the crops, the output was less than one-fourth this amount and
instead of being obtained in the months between January and June was
scattered over every month in the year. In the tablein the Appendix,
figures are given for the number of hours the mill was worked and the
number of maunds of jaggery manufactured at each of the Mysore in-
stallations. ' _ .
It is only proposed to deseribe the final form of the furnace in which the
megass is burnt. A single unit consists of three evaporating pans arran-
ged in series as a cancade. The dimensions of the pans may vary within
fairly wide limits. A convenient size has been found to be, for rectan-
guler pans, 6 feet by 4 feet on the bottom and 7 feet by 5 feet at the top.
The depth of the pan is 18 inches. The depth of the bottom pan may be
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6 THE MANUFACTURE OF JAGGERY IN SOUTH INDIA

The smaller installations are usually run by the owner and his servants.
If milling for other rasyafs is done they usually assist in the work. The out
of pocket expeuses for milling are therefore no greater but actually less
than with the larger mills. Many ragyafs in the South of India look after
their own oil-engines and professional drivers are not employed. These
small mills are usually installed at a pumping station and the same engine
drives hoth pump and mill.

At the present time the installations at work, both in the Mysore State
and the Madras Presidency, charge from 44 annas to 5 annas per maund of
jaggery made and as in addition, the rasyass have to bear the cost of carting
the cane from the fields, it may be taken as fairly certain that the a.tlvm:
tages of a mill are already realized and that therc is a sufficient margin
to induce the flow of capital into this method of manufacturing jaggery.

It has already been stated that the power-driven mill is credited b'y the

raiyats with an extraction at least L0 per cent. greater than that which they
can obtain with their own mills worked by cattle. At Kunigal recently, at
the request of the rasyats in the neighbourhood, a comparative test was m’a.de
between the old and the new methods of working. In each case 750 pounds
of cane were weighed out and whilst the rasyats obtained from their cane
883 lbs. of jaggery, the Superintendent of the Kunigal Mill obtained 97 1bs.
the excess of 14 lbs. being equivalent to an increased outturn of 16-8 pel,-
cent. The advantages of this new method of working may be stated in the
following way : In the indigenous system, from a certain quantity of cane
a ratyat will obtair. one maund of jaggery worth, say Rs, 1-8-0 anh the cost
of manufacture may be assumed to be 4§ annas leaving him Rs. 1-3-6. If
he takes the same quantity of cane to the mill, he will got 1% maunds of
jaggery worth Rs. 1-12-0 and as the cost of manufacture will be only 2 annas
the net amount realized will be Rs. 1-10-0 as against Rs. 1-36, or a net gni:
of 33 per cent. This may mean double or even treble the 1;et profits on
sugarcane culti\tatiqn, which will be a great inducement to the extension of
sug-a,rc‘a.ne .growmg. The principal merit, however, of this system of manu-
factur.mg Jaggery is that it enables power-driven sugarcane crushing mills
to be introduced and in future, a ratyal may safely undertake to cultivate as
n‘{uch cane as he has facilities for, without being faced with insuperable
difficnlties as to milling the cane when the crop is ripe.

There is not the least doubt that in the South of India, at any rate,
sugarcane cultivation has hitherto been restricted by the number of cattle
available during the crushing season. Doing away with the necessity for
employing cattle to crush the cane removes this restriction and opens
but a wide field for the expansion of the industty on much more profi-
table terms than has hitherto been possible.

THE MANUFACTURE OF JAGGERY IN SOUTH INDIA

APPENDIX.
Tuble showing number of hours worked and outturn of Jaggery by the Mysore
Mills ¢n 1913-14,
1918. Chiksagere. Kunigal. ‘Haravu, Total.
Hrs. | Mds. | Hrs, Mds. Hra, Mds. Hrs. Mds.

April . . . 197 | 1,767 58 407 46 151 301 2,315

May . . 232 | 2,249 88 691 56 277 | 876 3,217
June . . . .| 186 |1,669 208 1,545 155 867 544 4,071
Jaly . . . .| 18| 180| 132 904 | 169 | 1,40 | 814 | 2,224
August . . o] e 108 654 257 1,700 366 2,354
Scptember . . . 21 134 82 567 103 701
ToTAL 628 | 5,846 610 4,335 765 4,702 | 2,008 14,882

1914.

Jonuary . 6 52 6 52
February . - ves 64} 426 644 426
Mareh A TP 223 150 | 1421 1,026| 165 | 1,85
April . . . o et 108 1674 1,189 11 7 1894 | 1,365
May . . e .| 208 11,612 160 1,028 28 164 391 2.804
June . . ] 91| 876 1074 627 - 108; | 1,502
July . . . 6 42 1. 189} 928 15 80| 159:+| 1,050
August . . . . . 1249 1,621 64 414 313 | 2,035
September o . . . 214 1,342 80 503 294 1,845
October . . o 108 742 . . 108 742
November . . . 98 659 ‘eos e 98 659
December . . 8 18 vor e - 8 18
Torar .| 820 2,634 | 1,250 | 8313 | 411 | 2,736 | 1,990 | 13,683

Rs. A. 2. Rs. 4. r| Ra. a, 2 Rs. A P,

Milling charges realized
in 1918 . . .| 1,616—7—-8 1,185—12-10 1,430—3—9 4,281—7—10
Milling charges realized
in1914 . . .| 861—8—10 2,356—12—~0 707--14—9°| 3,625-14-%
Toran . [@176-11—1|  8542—8—10 2,188—2—6 7,857 —6~5
1916. Shikarpur, Kunigal,

. . . i (7] e Owing to the unfavourable charaete

Tty © 0 i 1eaj188| T86| 7587 | of the last cane-growing senson
March . . .1 147 (1,806 35 242 | there will be no milling at Harava

April . 261 2,018 | or Chiksagere.
May . In prolgress._ .
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Listimated cost of Cane Crushing Plant with an output of 5,000 lbs. of Details of estsmated cost of Furmaces and Evaporating Pans.
Jaggery per day. _
Rs, —_— 1 Per Rate Quantity Cuat
Machinery . . . . . . . . . . . 4,870 |
Set of. four Furnaces . . , . . . . . . 3,200 l Re, &4 P, Re.
Superintendent’s Office . . . . . . . . . . 1,250 |
Engine Shed . . . . . . . . . . . . 650 Raw brick in clay . . . . l C. Ft. o 0 6! hRG1' 37
|
Jaggery Store . . . . . . . . 530 Burnt brick in clay . . . . . ; ”» o 320 1,821 228
TOTAL . 10,000 Iron Girders . . . . . . RF. 01 0 536 03
Angle iron Truss 20/ centre . . . .! Each 20 0 0 9 1%
Galvenized iron sheet roofing . " Rqa- M 0 o 1 Q" v ag
Fire br (k lining 10, flues . Lu v
Details of estimated cost of Mackinery. 4 %etsof Pans .« . . . ! Do 600
Rs. . ‘
12 B. H. P, Oil-Engine . . . . . . . . . . 1,886 2 Chimneys . . . . . . { ! Do. 100
12” x 18” Sugarcane Mill . . . . . . . . . . 1282 4 Dampers ., . . . . . . ! Do, 2
Driving Pulley for engine 14” dia. x 12” . . 30
. . i i . . . o Do. 90
3 Water tanks for cooling and cirenlating water pipes . . . 328 4 C. 1. Inclined fire grating \
Gun-metal Juice Pump for Mill . . . . . . . . , 252 4 Pulleys with Brackets . . . » . Ds W
100 of 1}” piping from Mill to Tanks . ) 48 i .
45’ of Belting 4” x 4 ply . . . . . ‘30 T
2 Aluminium Juice Tanks . . . . . . . 114 otal . . . 3,048
Cement foundations and erection charges . . 400 Contingencies at § per ceat. . 152
ToTax -+ 4870 Grayp Torar . 330

N.B.—Railway freight not included.

L

Estimated cost of Cane Crushing Plant with an owépwt of 2,000 lbe, of
Jaggery per day : Building excluded.

Ra

5 B. H. P. Oil-Engine . . . . . . . . . . 98n
8" x 8" Sugarcane Mill . . . . . . . . . A
Driving Pulley for Engine, 14" dia. x 127 . . . . . . . 0
Water Tank for cocling and circulating water pipes . . . . « e
45 of belting 34" x 4 ply . . . . . . . . . )
Furnace complete, 1 series, without voofing . . . . . . 800
Cement foundations and erection charges . . . . . . %00
2373

N,B.~—Railway freight not included.
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The Detection of Added Water in Milk in
India.

The detection of added wat;r in nélltk def}fntds.;n tl}*]l:r:‘l:; u:;w.tl}ll{a
of ““solids-not-fat’’ that i um |

o thi gzrf::tizgf proteids and mineral matter. The milk is that
amoﬂn sow and the percentage of solids-not-fat apprf)aches 85 sc:
of tle :hat this is considered a standard. The Engllsh.law runs
l‘l‘ei;’l}xvere a sample of milk (not being milk sold as skimmed, or
ted, or condensed milk), contains less than 85 per cent. of
ok ¢ lids other than milk fat, it shall be presumed for the pur-
- S(;? 1the Sale of Foods and Drugs Acts, 1875 to 1899, until the
B trary | roved, that the milk is not genuine, by reason of the
:%2:::21}:2011? Eherefrom of milk solids other than milk fat, or the

addition thereto of water.’ . ’
In India the milk sold in towns consmts! not only of cows’ but
1so of buffaloes’ milk and indeed usually it is Iargel.y the latter.
The - tage of solids-not-fat in these is mnot identical, that .of
pe perc’en 1%; being generally greater.? The difference is prin-
b}lﬁaloes mzo a higher percentage of proteids in buffaloes’ milk.
ppelly due jes of milk analyses which have been published are
'l;,he kgge)s;esgz‘itt & Mann® from which the following average per-
those by

centages are deducible : —

i lids-not-fat
No. of animals | No. of samples So.x %n

o milk 4o 8 " T

Gir cows’ milk . . . .
. 4to12 12 ol

Sind cows’ , . . .
6 to 18 68 1037

Surti buffaloes’ milk . . A ‘

Th amples were the mixed milks of a number of animals in
ese samples ’
each case as shown in the statement.

f ] ations 1%1.
 Sale o Mik Regul i21 y : ) :

Mem l’)eg;t A‘g 4. 1n Iﬂd&l, (’}'hem. Ser . vol. II,‘![O!. 1 and 4,
3 . 3 T



2 THE DETECTION OF ADDED WATER IN MILK IN INDIA

The mean percentage found for the milk of the Montgomery
cows at Pusa is 8'79. There is thus a wider range of percentage
of solids-not-fat in Indian than in English milks, and since there
18 no means of ascertaining the respective proportions of buffalo
and cow’s milk when mixed, if dependence is placed on the propor-
tion of solids-not-fat as a means of detecting added water, we would
have to adopt a figure which would not be too high for cows’ milk
alone. Such a figure would be say 88 and the seller of buffaloes’
milk might add some 18 per cent. of water and still sell a milk
containing the required percentage of solids-not-fat. A more
reasonable standard would be based on the assumption that the milk
sold in Indian towns is always at least one half buffaloes’ milk.
On this assumption the mean percentage of solids-not-fat has been
calculated from the 68 buffaloes’ milks, 26 Gir cows’ milks and 42
of the Sind cows’ milks as published by Meggitt and Mann. This
mean percentage is 9°'83. The probable error deduced from these
136 samples is 4 0'444, and the probability is 100 : 1 that any
milk found to contain less than 810 per cent. solids-not-fat con-
tains added water. The variation or error + 0444 is naturally high
because of the considerable difference between the general com-
position of the cows’ and buffaloes’ milks respectively as well as
because of the natural variations among-the milks of the same class.
Supposing such a standard as 9-83 per cent. to be adopted, it still
leaves it open to the buffalo milk vendor to add some 10 to 20 per
cent. of water without fear of detection.

Latterly, attention has been directed to the value of two gther
characteristics of milk for the detection of added water, The one
is the refractive index of the milk serum, the other is the freezing
point of the milk.

The former has not been used in this laboratory, but judging
by published data® this method would hardly detect 10 per cent. of
added water.

The latter method, that which depends on the freezing point of
the milk, is more dependable, and has been used rather extensively,?

[ -—

! Leuch and Lytagoe. J. Am. Chem. Soc., 1904, XXVI, 1195,
* Beckmann, E. Milch Zeitung, 1894, .

Beckmann and Jordis. Forschungs-berichte uber Lebenamittel, 1895,
Winter, J. Les nouveaute’s chimique, 1905, p. 276.

Ducross and Imbert. Bull. Sciences harmacal, 1905,

Cornalba, J. * On the milks of Lomﬁardy ” Chem.. Zeitung, 1907-09,
Barthel.  Methods used in the examination of milk and Dairy Products, 1910,
Leather, J. W. The Analyst, XXXIX, p. 432,

Hummilinck, M. G. Chem. weekblad (1914) X1, 207,
Van Raalte. Chem, weekbiad (1914) X1, 206.
Reicher, L. T. Chem,. weekblad (1914) X1, 323,
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lished.? Moreover the proportion of each constituent varies in
milks, which necessarily causes a variation of freezing point. For
exsmple I have found the lactose to vary in Indian milks from 4 to
O per cent., which alone would affect the freezing point consider-
ably. :
The estimated effect of the several conmstituents is, however,
quite sufficient for our purpose. It shows that the effect of the
casein and albumin is so small that variation in the percentage of
these would affect the freezing point in only a minor degree. 'This
alone provides a reason for expecting the milk of the buffalo to have
a freezing point similar to that of the cow, because the difference
between the percenjage of water-soluble constituents of these two
milks is chiefly due to a higher percentage of proteid in the former,
The estimated effects on the freezing point also show why a varia-
tion greater than that found by some investigators is to be expected,

for the expected variation in percentage of milk sugar alone would
account for this.

In the following Table I are set out the freezing points of the
milks which have been tested in India.

It will be seen that the individual variations are considerable,
but in making this comparison it is to be recollected that the
samples have been mostly those of single animals, whereas the milk

sold in towns is the mixed milk of a number, in which the variation
18 naturally less.

The mean freezing point of all these 77 samples, excluding
pasteurized and separated milk and colostrum, is — 0'542° C. and the

probable error= 4 000907. This mean figure is somewhat lower

than that adopted in Queensland as the standard, but is not seriously
different.

The effect on the freezing point of adding water to milk is sub- '
stantially linear, and it may be expressed by the equation.

W=azx
where W =added water,

2=F. P. of pure milk minus that of the sample,
a=a constant.

There are two modes of expressing the added water; () as a per-
centage of added water in the sample, in the same sense as one

employs the term to express the proportion of butter fat, or (¢d) as
-_— T T
! Richmond, H. D.

Phe Anaiyst (1902), XXVI, p. 241
Allen, A, H. Commercial Organic Am’zlg/.sis, second edition, vol. IV, p. 103.
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is 33 per cent.; if as a percentage of water added #o the milk it is 50
per cent. (approximately). Either mode is correct provided it is
clearly stated, but the former is more in consonance with that
generally employed in analytical chemistry, and is adopted here.

In respect of the freezing point of pure milk one must take the
best average figure at our disposal, which is - 0:542° C. The value
of a in the equation has been estimated from the freezing points of
a series of portions of the same milk to which different (known)
quantities of water had been added. This series of tests yielded

a= -172.

The value of a deduced from Winter’s Table is a= - 176.

The difference between the two is immaterial and - 174 may
safely be tuken as a good value. The equation then becomes

W= -174 (-0542-1¢)
where ¢ is the freezing point of the sample. If then ¢ is found to
be, say, -0'520, the percentage of added water in the milk is
-174 x [ -0542- (-0520) ]= -174 x -0022 = 3:83.

A freezing point of - 0'520 is one of the lowest which I have
met with. However, judging by the probable error wheh accom-
panies the mean value - 0°642° C., a freezing point of - 0507° C.
is possible once in a hundred times in the case of the milk of o
single cow or buftalo; such a case would indicate

-174 x [-05642- (-0507) J=6'1 per cent. added water.

Such a case is not to be expected from mixed milks; the prob-
ability is too remote.

It has, however, to be realized that any dairyman who waters
his milk wil! not add so little as & per cent.; it is unlikely that he
wculd add less than some 10 to 20 per cent. which assumption
makes it quite certain that adulteration with water can be detected
by the chemist with certainty, except in the improbable case of less
than & per cent. being added, The method is obviously very much
more certain than the deduction from the percentage of solids-not-
fat.

With reference to the method of ascertaining the freezing point,
little explanation is required in addition to the details commonly
employed in cryoscopic determinations. I find it best to employ a
bath of ice and salt solid, and to place the milk in a tube which is
itself in an outer empty tube, the latter being in contact with the
bath. The temperature of the milk risually supercools from 1}° to
20; us sopn as ice comimences to form, the temperature rapidly

THE DETECTION OF ADDED WATER IN MILK IN INDIA

ris.es to the irue freezing point. I allow half-a-minute to elapse
between each reading of the thermometer, and at the freezing point
the variation of temperature is not more tham 0:002° C. The
thermometer should be steady within this 1imWast two
minutes.

The following Table IT exhibits the percentage)f
corresponding to the freezing point of the sample.

TasLe I1.

Percentage of added water corresponding to the freezing point
- of the sample.

Freezing Freezing Freezing
e o oo
~0'542 0-00 —0442 | 1740 - 0342
~ 0537 087 -0437 18-27 ~0-337
~ 0532 1714 | o432 1914 ~-0332
~ 0527 2:61 —0-427 200 —0-327
-0522 | - 348 —-0422 | 2088 —-0-322
0517 4:35 ~0-417 2175 -0317
—-0512 522 -0'412 292-62 -0-312
- 0507 ' ) -0'407 2349 - 0307
— 0502 696 ~0'402 24-36 ~0302
—~0°497 7-83 —-0-397 2523 -0-297
~0492 |+ 87 -0392 26:10 . ~0:202

. ~0487 | 957 —0-387 2697 —-0-287
—~0-482 1044 - 0"382 2784 - 0282
~0°471 11:31 —0:377 2871 —0:277
0472 1218 [T —0372 2958 | —0-272
— 0467 13-05 —0-367 3045 -0-267 -
—0- 462 13-92 —-0-362 31-32 -0-262
—0457 1479 ~0357 32:19 —-0-257
—0-452 1566 —0-352 3306 -0-252
—o447 | 163 [ -0-3¢] 3393 —-0'247
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