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Third Report on the

Improvement of Indigo in Bihar

I. INTRODUCTION.

TTIEN the Indivo Research Station at Sirsiah was closed on March
\ Slst 1913, investivations on the awvicultural and Lotanical
aspeets of this industry were taken in hand by the Botanical Section of
the Agricnltural Research Lnstitute at Pusa. Two reports on the results
abtained have been published.  In these papers! relerence was made to
the fmportance of soil-acvation and drainage in the cultivation of
indigo and also to the part plaved by the root-nodules in the general
ceonomy of the plant.  While it is true that the views put forward have
excited a great deal of mterest and have been accepted by many.
nevertheless it has beeome apparent that a few of the indizo planters in
Bihar have not altogether grasped the full siunificance of the ideas run-
ning through these two reports.  This applies in particular to the wilt
of Java indizo and to its somewhat erratic occurrence in North Bihar,
Our investizations cleatly point to the conclusion that wilt is a starva-
tion effect due to Interference with the work of the voots and root-nodules
and has arlsen as a result of the continuous selection of late 4vpes
I the Java mixture due to  the methods in vogue in raising
seed. The Pusa investizations also indicate that the natural indico
problem is largely a matter of soil-aeration and that the root-nodules
play a very Tmportant patt in the synthesis of indican.

The opportunity offered by the publication of this report has heen
taken to re-state. as clearly as lies in onr power. the principles on which
the ealtivation of a leguminous plant like indico depends and the condi-
tions wuder which wilt is likely to occur. At the same time. the work
In progress and in contemplation have been dealt with while in the
chapter on the improvewent of indigo the question of selection has been
discussed in detail. It 1s hoped thut the position of the natural indigo
industrey as a whele will now he clearly understood ; that the various
lines of investivation will fall into their proper perspective : that the
difliculties still to be overcome will be realized and that all concerned—
planters, merchants. Government and investipators—will unite their

PThese veports  were issued as Bubleting 31 & 3t of the Agricaltueal Research

Institute, Pusa,




2 THIRD REVORT ON THE TMIPROVEMY

OF INDLCO IN BIILAR

forces so as to place the industry on a firm and prosperous foundation.
While we are convineed that this is possible, we we vqually certain
that no kasting vood can possibly be aecomplished )] the working condi-
tions of the indizo plant (the natwal factory) are placed on u footing
compurable with those which exist in the works i which synihetie
indizo is prepared.  Rofar, the plant haslost In the strugule with artificial
indivo Because one of the essential raw  materials—air— needed  in the
natural svnthesis of (ndicar has been @ Kmiting factor.  The removal
of this limiting factor is the first condition of progress in the resuscita-
tion of the natural indigo industry in Bilar.

Il. THE PRINCIPLES UNDERLYING THE PRODUCTION
OF NATURAL INDIGO.

1. The Factors.

The species eultivated. The two species of Indizo cultivated in Bihar,
known as Javie and Rumatrana indigo, are lecuminous plants on the
yuats of which nodules oceur. Swmatrana is @ comparatively shallow-
rooted aunmad while Java indizo is deep-rooted and behaves, mlocalities
where the soil conditions are favowrable, as a perennial. The yanue i
time ol watweity of the types constituting  the Java erop s very
arcat—sume are carly, others ave very Tate and all intermediate stages
ovewr. It s prohable therelore that the root-raupe ol Java indigo Is
not uniforn. The varly tvpes ave likely to he eomparatively shallow-
routed while the Jate types have much deeper roots.

Sodds. The soil of North Bihar in which indizo 1s grown belongs to
the older alluvium of the Gineeti plain, Tts main characteristies
from the point of view of the plant are its depth. the uniformity of
its fine particles. its water-holding capacity durine the hot weather,
the comparative nearness to the surface of the sub-soll water and the
low vontent of oxveen i the deeper lavers as shown by the analvsis of
well-waters. The indigo soils easilyv 1un together on the surface after
raine forming @ well-defined erust known to the cultivator as the pupre.
The formation of this erust Is exceedingdy harmful to evops, including
indico, as it interferes with the acration of the soil.

The Bihar alluvium is not unifarm,  The high Iving lands on which
indizo 35 crown are generally Jichter and  opener in fexture than the
lon-Iving rice aveas. The soil of the high lands themselves, partivnlarly
near rivers, Isoften made up of alternate strata, loamy and sandy in
character. These facts are of mportance when considering "ruestions
conneeted with soil-acration and the root-developiment of indivo.
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Climie. The elimate of this veedon is well known. There is a well-
narked cold season, i which the average rainfall is comparvatively smaldl,
fullowed by the hot weather in March, April and May during which dry
west winds are common leading to a great loss of sub-soil moisture and
a carvesponding amount of soil-aeration,  In the monsoon phase, which
Jasts from June to early October, there is heave rain (the amount and
distrihution of which varies greatly) sometimes accompanied by floods
which kill out large areas of indigo.  Wilt occurs during the monsoon,
wenerallv after the first cut is taken in June and July.

These arve the main fuctors which must be borne inomind when
considering how the cultivation of indigo” can he mproved.  The
details with recard to the ordinary cultivation of Java and Sumatrana
indigo ave so well known that a knowledue of these processes on the
part of the reader is assumed, )

2. The two nitrogen cycles in Indigo.

Tndiwa gs arown for the suke of the indican i the leaves. This is
a complex nitrogenous sibstanee which vields indico when the cut
plant s steeped inwater. fudican i manufactured by the plant from
stmple substanees. As it conlaivs nitrogen. the sources from which
the plant obtains this element are important.

There are two nitrogen eveles in levuminous plants like indizo or,
in other words, two sources from which this essential raw material can
he abtaiued. The usual source is the atmospheric nitrowen fixed by
the voot-nodules, T addition, Jeeuminous plants ean use for crowth,
partly or entirely, the nitrates which oceur in the soil. On very poor
laned. Teawminous plants make use of the nodules oniy.  On verv rich
land, thev often utilize the soll nitvates exclusivelv,  On land  Infer-
mediate i fertility. hoth sources may be emploved simultancously.

Root-wodwles. Vhe nodules are vounded swellinus on the roots of indizo
whicl are formed soon alter the seedling stage.  They vary in size but
ave senerally larger than a Swmatrana seed and can best be seen when a
vong indigo plant s faken up with a ball of cartioand the soil carcfully
washed away with a watering ean. Many of the nodules then remuin
attached to the roots as younded. pinkish swellings. The nodules arise
as a result of the invasion of the voung roots (by way of the yoot hairs)
by certain soil organism (B, radicicoln). the presence of which
stimulates local ront erowth to such an extent that a swelling is
formed.  The invading organisms rapidly nerease in numbers nside
the nodule from which they derive. among other things, larpe quantities
of carhohvdrate food. This is manulactured by the leaves.  The general
opinion iz that the organisms and the leguminous plant live together
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incpartnership to the advantage of both.  The plant feeds the organisms
while they, in return for food and lode

wssimilate nitronen vas and
build it up into complex substances which the plant can use in the
formation of the proteids necessiey both Tor ordinary growth and for
the fornmtion of flowers and weeds. The greatest development  of
nudules oceurs just as the plant hezins to Hower. During this period,
many of the nodules lose their sabstanee and - become  little more
than empty shells. It ds commonly believed that  the contents of the
nodules are at this stage absorbed by the plant and are used up for
the preparation of the Jarge quantities o proteid required to form
flowers and ripen seed. The seeds of the Leguuinasae ave always vich
I proteids (4 t0 9 per cent. of the dry weight is nitrogen) and indigo
is no exception to the rule. In addition to water and carbohydrate
food. the nedule organisms require oxvuen which walso provided by

the plant. Thixis ane of the reasons why woad soil-acration is so
necessary for leguminous plants like Indizo,  The active portions of
the root. including  the nodnles awd  their oreanisms. hreathe like
anhinals do and xo use up oxveen and produce carbon dioxide. The
nodules also reiire free nitrozen wis and are of ne use to the plant
when they ave dmmersed i owater®  Nitrogen cas must therefore
enter the nodules themselves if 1035 to underen fisation. Thix can only
lappen inwowell-aerated soil as the great source of nitrozen s the
atmosphere,

The witrate eyele. Nodules although common on the roots of legu-
minous plants are not essential for their growth, These plants are
able to wrow without the nedule and also to flower and form seeds.
They ave ahle to use nitrates dissolved in the soil water as their source
af nitrogen.  The plant can use both cveles at the sune time and
derive part ol its nitrogen from the soil in the ordinary way and part
{rom the nodules, Nodules are hest developed in poor, upen soils which
are well-aerated. In well-manured soils rich in nitrates, leauminous
plants tend to form few nodules and, il the soil is rich enough. none at
all. It is possible therefore in the case of Indio to raise crops on very
rich laind which make no use of the nodule nitroven evele but which
obtain all their nitrocen as nitrate from the soil.

These ave the main facts relating to the nitrogen eveles of 2 leauminous
plant like indico.  For the sake of elearness, the essential points are
recapitulated as follows :—

(1) Leguminous plants Tike indigo can obtain their nitrogen in
two wavs—front the reot-nodules or fiom the nitrates

Lk, Burod Bot. fies. 1842, 271,
 Nobbe wnd Miltwer, Veorsachestalion e,

133, 1849,
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n thet.suil. Both ihese methods are often emploved by
the plant simultancously.

(2) The nodules make use of nitrogen in the wascous condition
and build this up into substances which the plant uses for
arowth and for flower and seed formation,

(3) The nodules ean only da theiv work properly 1n well-erated
soils as they need both nitrogen and oxygen as gas.

(4) Nodules are only abundant when lepuminous plants are rown
in poor, well-aerated soil. I rich xoil. sueh as Tand Tull
of seeth or saltpetre. thev are only

sparsely developed
and, i the soil is rich enough. may not be formed at all.

3. The production of colour.

The seneral relation between the nitrogen cvele and the praduction
of indiene must now be considered.  In this connection, the following
fucts have to he taken into account :—

(1) The contraction of the area nnder indign on the (agetie
allrium. Formerly, there vas o considerable area wnder
indigo in Lower Beneal and the United  Provinees in
addition to North Bihar.  With the eradual decline in
the industry, the area wnder indizo in the tracts outside
Bihar sapidly diminished and the industry onlv maintained
itsell towny extent in North Bilr ehiefly on certain extates
which suit the crop.  The contraction of the area in North
Bihar itself is sienificant—the cultivation has  been
abandoned on the heavyv. badlv-uerated soils of the
submontane tract and on estates subject to mundation
and where the soil 1s heavy and swriace drainage is poor,
On such Tands. disused indivo factories are unfortunately
common.  Indivo in Bihar has wsuallv survived only on
well-draied. high-lving factories where the acration of
the soll 15 above the average.

(2) The situation of the esiaies which produce the best ealour.
The reputation of the various Bihar estatex for colour
is well known in the trade and also among the planters
themiselves.  Other things being equal, the best marks
come from high-lving, well-drained areas and the worst
cakes are made from indigo growing on beavy, hadlv-
acrated jands.  There is a well marked  connection
between the class of soil and the reputation of the estate
for colour.
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(3) Heaey dressings of secth stimilate the Tudigo plant but do not
incrense the gield of dudican. The conneetion between
the vield of green plant and heavy dressings of seeth are
well known. This wanwre produces abundant prowth
but the vield of indivo siven v evers 160 maunds ol areen
plant s not so hizh as in the case of the produce of poor
land. Speaking cenerally. il indigo. erown on the com-
paratively poor knds of the rgofs, sives a hetter vield of
dve than zerat indigo Trom lands which are manured with
seetl. Neeth s 2 manure rich in combined nitrowen.

) Lhee eolour produced Qv the nodule witrogen cyele is superior to
that of plants growi in eacy rich sold beuring few nodales.
This has heen observed several times at Pusa, L feaflets

faker from plants with abundant nodules and also from
inilizo growing in heavy, rich soil with few nodules are
nitde to deposit their indico i the leaflets themselves,
areat differenees are apparent. The plants in the nodule
evele vield abundant hricht blne indico. those in the
nitrate nitrogen vvele vielld a very dacke product atmost
el wnder the mieroscape. The differences correspond
closely with the appearance of wood and inferior indigo
cakes,

The above facts all wadl Into fine on the asswaption that the produe-
tiom ol wood colour depends on the activity of the nodule nitrogen cvele
and takes place to the oreatest extent on the high-lving lands where
soll-acration Is suitable Jor this process.  Where the nitrate cvele pre-
dominates, as on low-Iving damp tracts where the soil is rich and where
nodules wre not formed in abundanee, fndico generally vields heavy
crops of leaf with w Jow  percentape of dndican and cakes of poor
ualiv,

The {ndienn in the plant appears to represent the difference hetween
the total nitroven assimilated and that used for growth and may be
resarded asoa reserve which ean be made use of under certain conditions.
Thus Rawson found in Bihar that premature fover and seed formation
was assoctated with a distinet {alling off in {ndicun, w result which
supports the idea that this substanee can function as a reserve material.
Berathell in the ®irsiah Report for 1903-09 (. 16) refers to this matter
- the followine words o = The indicun content of the leaf of those
indigo vielding plants which have been studied (/. arrecta and Sunea-
tranay is known to drop ax soon as the seed sets and to decrease gradually
ax the seed formis, so that it seenis prohable that if i3 drawnupon to assist
i the process of sced formation,” I the Sivsiah Report Tor 1907-08
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o 1) parlicular attenfion is drawn to the fact that = plant grown
wnder miniunu moisture conditions hax invariably a high colour
content.” Under sueh elreumstances, there is nothing (o interfere with
the acration of the nodules and the rapid production of fudican goes
forward undisturbed. The phvsioloay of fudican and of the other
ucosides met with in levuminous plants is still obscure and wuch also
renins to he done in working out in detail the nitrocen assimilation in
this ovder.  However. the connection hotween (ndican production and the
wodule evele in the case of indigo is supported by all the facts and
experience available at the moment. It also  derives considerable
confirmation from the conditions necessary for growth in the case
of eram tand the weographical distribution of this crop in India.

4. The manuring of indigo.

Ax the production of dndicene i the plond s hound up with the effi-
cleney ol the nodule nitvagen evele, the question a rises L we inerease
fuidicent production v any form of manmeing £ This ix one of the <ub-
jects fo which great attention has alveady heen paick i Bihar awd the
alder reports abound I accounts of manurial experiments,  The onlv
detiite faet which enmerges from these trials is that nitrogenous manures
like xeeth xtimulate the growth of the plant but do pot inerease the total
amount of ndigo per aere. The results obtained with the various arti-
ficiad manures, on the other hand. are exceedingly contradictory and by a
judicious xelection ol the evidence 11 would he possible to prove anvthing
from the piblished Sgrres dealing with these experimenis. All this is
at once explicable if due weight is paid 1o the existence of two nitrogen
eveles inindigo and to the fact that unless the experimental plots are
perfectly graded and surface-dvained. local water-Jogging (hy interfer-
ing with the worle of the nodules) would e sure to apset anv paper schene
of manuial experiments however well dexigned.

It is a curions circumstance that no attention has hitherto heen paid
to the only mannves likely to be of wse in indigo cultivation in Bibar
nately, werating agents like potsherds (¢hikra), brick vefuse (sarkhi and
rors) and charcoal (Fode). Of the previous investigators, Rawson
citue hearext to the discovery of the conneetion hetween soil-acration
and the production of colour. Inlus Repurt on ithe cultivation wnd wein-
fucture of Dndign, 204 Bdition, 1907, po T, in dealing with Bihay soils he
stateg: -

“Remple Noo 13 is described as an old saltpetre soll, and one would
therefore expect it to contain a high percentage of nitrogen. but on the
contrary it proved, on analysis, to contain a very small amount of that

Y Monoirs of the Dol of dge, in Didin (Bolanicel Serics), volo V1L w0, 6, 1013,
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element,  Indigo plant rew ulnm this soif exceedingly well, and the
colour obtained Trom it was of high quality. The chief featare about
the soil, as revealed by analvsis

L was its high pereentage of available as
well as fotel phosphorie acid.”

The \.llt}nm‘ soils ave well acrated soifs and generally contain thikee
or coras inabundance, Tnosueh Tande indigo grows remarkably well
and the colour i the leal is abundant and of good quality, Tt might,
theretore, be found to pay to add permancent aerating agents to the land.
Esperiments in thix diveetion are already in progress at Pusa and on the
Dhioli extate and so far the vesults are pronising. Tt remains (o be dis-
covered Towever what ix the nost cconomic amount af these dressings
to apply and ulso the best state of division fo which these muterial;
should Trst he reduesd. The rexults alveady obtained on xome of the
Pusi plots seem 1o indicate that these wrating agents should e applied
e camparatively small fragments. The economic axpeet of xuch manur-
g can of course only be discovered on lavee seale plots. Two  other

aspect= of this manwring ave likely to be important.  In the tirst place,
the door will be opened 1o the study of intensive indigo caltivation and
the production of farge quantities of indigo {rom small areas, In the
second place. aeration 1x Dikely ta tend to produce indigo of uniform
dveing power and therefore to help in the standardization of the natural
product,

[1I. INDIGO WILT.

Indizo like several other lecuminous cropsis apt to he affected by wilt,
The deep-rooted Javiuspecies is mueh more Jiable than the shallow-rooted
Sumatrana. The trouble oceurs. as @ rule. during the gecond hall of
the monsoan phase usually after the first cut has heen taken.

The characteristies of indigo i, The wuhealthy condition of Java
indizo, Tocallv known ax wilt, Ix unfortunatelv <o well understood in
Bikur that only the bricfest descviption of the affected plants is
required.  The trouble uswally bheping after the first cut and can be
observed first in a few plants

seattered throudh the field.  In many
cases. this wohealthy condition spreads rapidly until the whole area
becomes affected. Rueh fields do not recover and the erop wradually
dies out,

The external \'\'mptnms' of wilt are quite definite  a slowing down
of wrowth. followed by feaf-fall and a eradual change in the colowr of
the remaining folinge from the ordinary bright-green to a vellowish-
areen slaty colonr. Afterwards. the plant dies off in stages. the process
taking place slowlv a hranch at a ’timt&

Al the indications point to voot trouble which further examination
confirms.  The main roots of the wilted plants are healthy but there
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is a ereat lack of feeding roots and practically no nodules.  The wilted
)»lnn;(s are in reality starving in the midst of plentv on account of the
fact that they can no longer assimilate atmospheric nitrogen and absorb
water and other minerals from the soil. - The main indigo roots, altheugh
uninjured. are unable, during the monsoon phase. to venew their roor
svstent and to form new nodules.  This want of the power of repair
in levuminous plants is well known and has been deseribed previously.!

'I;]I(’ ocewrrence of will,  Wilt has been observed to ocenr on Java
indigo under the following circumstances :—

(1) On the ordinary leaf erop during the monsoon.  This is the
indigo wilt ag usuallv observed on indigo estates after the
first ent in June or Julv.  As a rule. it ocenrs during the
second hall of the manufacturing season.  lts extent
varies mreatly according to the season.  In some years. a
few plants here and there may be wilted. in other seasons
it is widespread and way cut shovt wahai altogether,

(2) On indigo sown in June at Pusa on well-drained Tind con-
taining numerons potsherds.  In 19120 Java indigo was
sowninlineson thilra plots at the hreak of the monsoon.
Practically the whole crop died of wilt by the middle of
October.  In one plot, a few blank spaces vemained in
the lines which were filled up by ve-sowing in the first week
of Aucust. by which time the standing erop wax hadly
affected by wilt, The August sown plants were not affected
hut grew well and gave heavy erops of well-ripened seed.
Tere Thealthy and wilted plants were growing next to
next with interlocking root-svstens.  In no ease, however,
did wilt spread to the late-sown  plants  therehy
tndicating that. wilt 1s not a disease in the ordinary sense.

(3) On old branches left at the first cut.  1f 2 branch is Jeft at
the first cut to carry on the transpiration enrrent, it is
observed that the Indigo shoots mneh more quickly than
it eut haek to the ground. In some seasons. when the
new srowth is well-established near the cround. the old
branch left hegins to show sions of wilt which does not
spread to the new growth.  We have, in such cases, the
phenomenon of a plant healthy below and discased above.

(5 On indigo sown for seed in Aucust and ent back in the middle
of October, I voung and healthy secd indigo in a
vigorons condiiion is cut back fo the ground level in

1 Plefler, Physivlogy, vol. 1, 1900, p. 0L,
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mid-October when ahout a foot {o eighteen inches high,
nost of the erop dies but some of the stumps produce a
few wilted shoots.  There 1s no question of damage by
rain wnder such conditions and wilting here takes place on
plant in perfect health, If such wilted plants are examined,
it will be found that the nodules and feeding roots are
dead. The main root iz unable to repair itself and to
form new nodules.

These are the four circumstances nnder which wilt haz so far heen
observed, They must be all considered together when the question of the
nature of this trouble s discussed.

The watire of wdt. A caveful consideration of all the elrenmstances
conneeted with the observed occurrence of wilt suguests that we are not
dealing with « disease in the ardinary sense but with a starvation effect
Qe to interference with the work of the nodules and fine roots. In
the second half of the monsoon, wilt occurs because the soil has become
water-locaed and it poroxity lias heen ruined to such an extent that
the nodules and fine roots have been destroved.  Tn the case of the
plot at Pusa where all the June sown plants were wilted while those
sown in Auwust were  without exception healthy, the explanation
is to be found in the fact that the root svstems of the latter were
still shallow and had not. hefore the end of the monsoon, reached
the water-logued sub-soill in which the roots of the June plants had for
some time been forced toexist.  The oceurrence of wilt on old hranches
loft at the first eut 1= no doubt due to the fact that the branch has heen
starved by the new visorous shoots on the line of communications which
have absorbed most of the materlals coming Trony the voots. In such
a case it would he possible for wilt to occur on one part o the
plant without the destruction of the nodulex, The wilt which oceurs on
Bealthy  August sown plants cut hack 3w mid-October probably
arvises Trom the direet starvation of the nodules, At this stage. Jittle
or no reserves have been Lid dowrnin the main voot and in the base of
the stem, At the sante Gine. the vemoval of the stenr and leaves euts
chort the food supply of the nodule and stavvation results. In most
cases. the nodules and fine voots die in a few davs and no new shoots
are formed,  In some instanees, the stumps ave able to produce a few
weak  wilted shoots and the plant mav Jinger on during the cold
weather, Inall such plants examined. nearly all the nodules were
dead and the remainder were discolouwred.

A consideration of these facts leaves little doubt that wilt is a
starvation effect. 1 it were a disease, the orcanism conmected with
it would have to be isolated and the disease reproduced in inoculation
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experiments. Qo far his has not been accomplished. Tf wilt is a
disease, an explanation will have to e found of the occmrence of the
wilted June sown plants and healthy August sown plants srowing side
Iy side at Pusa in 1912,

" The distribution of wilt is sometimes exceedingly erratic.  On this
acconnt, some planters have experienced difficulty in understanding
that it is u starvation effect. Tndivo on light, high-Iving lands mayv xulfer
soverely from wilt while the erop arowing on heavy. badlv-drained.
water-logaed land near may either escape altogether or may he affeefed
onlv to a siizht extent. At fivst these facts appear to contradiet
the view that wilt is a starvation effect often eatsed by water-loggine.
If this is so. it is argued that there should be less wilt on the hivh
Jands and more on the badlv-drained. Tow-lving, water-logued fields,

Sueh eases are casily explained if all the facts of the case’are taken
into consideration.  The chief fact to remembher is  that indigo
can do without the nodule evele and can make use of nitrate nitrogen,
This 1s most likely to happen on low-Iving. rich, moist soil somewhat close
in texture such as that which is often cultivated during the hot weather
v the peaple for their Jood erops. Iusueh situations, few nadules are
formed and indigo will live with its yoots mmersed in water provided
the supply of oxvuenated water, mitrates and other dissolved salts is
adequate. To all intents and purposes the indico would he wrowing
as in water culture and no damage would result from lonn immersion.
Tndigo using the nitrate evele on heavy Tand can therefore often live for
a time when the land is under water. The case of indigo wsing the
nodule evele on high-lving, light land ix quite different.  The nodules
die comparatively quickly when the air-sappiv (o the reots is cut off by
long continued rain.  The nitrate evele cannol be used as the light soils
are often poor in this substanee during the rains. Further, the indigo
plant ander sueh cireumstances has lost the power of repair and cannet
form vew nodudes. The result i wilt. The presence of a foew wilted
plants in 2 field whieh is not followed by the sproad of the trouble is
explained hy the fact that some (vpes of Java plant ave mueh deeper-
rooted than others,  The ineidence of wilt will naturalle depend on the
distribution of the roof-svatem.

The extent of wilt in any one vear or on any particnlar estate depends
o a variety of civeumstances and it is not alwavs possible to correlate
the amownt of the damage done with the rainfall.  Wilt will only
become important when the acration of the soil is completely destroved
for some time.  This naturally depends on other things besides the tofal
rainfall. - The amount of aiv in the soil at the beainning of the monsoon
will vary with the previous monsosu, the winter rainfall, the aceurrence
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of west winds and the amoant of the hot weather rainfall. Generally
speaking. o dry hot weather and long-continued. west winds will be
factors tending to lessen wilt, .\ damp hot weather with east winds
will have the reverse effect.  Dwring the monsoon, the distribution as
well as the amomwnt of rainfall is important.  Heavy falls with long
hreaks often destrov the soil-aeration less than a constant suceession
of showers all of which ave absorbed.  The vise of the sub-soil water
level is another factor.  The nearer this gets to the surface the less the
air in the soil and the quicker does complete water-logeine occur.

The spread of wilt {n Biar., When Java indico was first introduced
into Bihar. it did exceedingly well and was noted for its rapid growth
and general robustness,  After a few vears it seemed to slow down in
arowth and wilt began to appear. The crops kept for seed vielded

less and less and soon the  seed-problem hecame acute. Between
1910 and 191L, the area under Java indigo in Bilar deereased from
70000 to about 15,000 bichas larecly  on account of wilt and the
difliculty of obtainine seed,

The explanation of these facts is @ matter of considerable interest hoth
from the practical and scientific standpoints. The principal eause of
the degeneration of the plant is undoubtedly to he found in the methods
i ovoune in Bilae inoocrowine seed. Boused fo be the custom
to keep the old leal crops far seed. For a time, wood erops of seed
were abtained and it was not HIlsome vears Tad elapsed that the Java
crop hezan fo show sioms of want ol visour and finally hegan to die

of wilt, The degeneration was progressi

Ve

The explanation of the falling off of vicour ix a simple one i two
facts ave horne in mind, Firstive Java indizo s execedingly mised
and contains earlv. intermediate and Tate tvpes. The early tvpes are
comparatively shallow-rooted while the late forms have deep roots.
Between these extremes all gradations oceur. Secondly. indigo does
not set seed in Bihar till after the middle of October and the flowers
which apen before this period only vive vise fo empty pods. This 13
due either to the dampness of the air alfecting the pollen. to the absence
of bees or to both these cawses.  Every planter must have norieed that
when a Java leaf erop was kept on tor seed that many pods were formed
in Septemher and early Octoher which contained no seed. The early
plants gave little or no seed and the main seed crop was obtained from
the late-flowering types, It requires little imagination to understand
the cumulative effect of this unconscious selection. The early, shallow-
rooting. quick-growing types would  slowly become eliminated and
the late deep-rooting
would tend to predominate. In the course of a few vears, the hotanical

low-growing {vpes flowering after wid-October
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cemstitution of the evop would ehanwe, The Java erop would hecome
wore and more made up of slawer

crowing, decp-rooted types It s
iust these deep-roated forms which in an alluvial soil Jike that of Bihar
would. during the monsoon phase. e apt to Le attacked by wilt, Shal-
low rootine, quick growing kinds woukd he much Tess Hable,  The umin
cause of wilt i undoubtedly the unconscions selection exereised by (e
old method of crowing geed. There are alko two contributing cases

to he nientioned-=the eradual rise in the high food Tovelaad wot seasons,
These. however.are of minor importanee compared with the alteation
in the hotanieal constitution of the crop.

Leewedivs. 10 will he seen from the forecoing that no remedy e
[m«il»]}' he devised to cure an indigo plant affeered Dy wilt, While
cure 15 ot of the questions prevention ix not a difliculr matter. Two
thines are necessy to achieve this ohjeet which witl not only vedueo
wilt 0 instanificnee but also mevease the vieki ol indiso per acre,

(h) The Java erop must be broueht baek toits avicinal condition:
Instead of making the erop Eiter and fnereasing the depth
of its voot-svstem by eliminating all the carly plants. we
niust wark i the opposite direction and sceleet for carliness,
vapid wrowth and shallow voots. The old wiethod o
aroving seed mst he civen np and @ special Aueust sown
crop wrown dnstead. A veeak Tate-tfloveriy plants 1o
this seed cvop must be cut out and destroved and only
the carlv-flovering kinds must be fefte The seed crop
must be roctted twice vy vear—once before flovering

heotns and acain when 3t 35 well an procress Every
weak-looking, lote-flowering plant nmst |

ernthlessly
destroved and recarded ax a wilt producer. This proeedure

nust be continnonsly applied fo the present crop i Bihar

and also 1o the seed obtamed from Javas In a <hot
time, the cvop will be broneht haek o s old viwour and
wilt in Bibar will become of small inportance.

(2} Fvery possible means must be taken (o improve the acration
of the sotl. The protection of the amation of the soil of
the Ticher indivo areas ix o wmatter of sface drainaae,
It e divide up the area by trenehies as has heen done at
Dholi and vet vid of the nm-oft at onee. each field will
lave to deal with it own vain only s will wot Lie subjected
to surface drainace water. Suelea svstem is bound (o
provect the plant and to assist it iy rvesisting wilt. The
Improvement of the seneral drainace of Bilar as a whale

[
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and the prevention of floods will act in the  same
divection.

The mere introduction of new seed from Java is of no value as g
vemedy for wilt, The crop vased Trone this seed i< affected in a <imilar
manner to that produced from local Bilbar seed. The cultivation ol
indigo in Java has fallen considerably i recent vears,  According to the
aceount of this crop given in van Gorkom’s Oost-Ldisehe Calfures (vol,
S IR0 the production of Indigo fell from LLETT maunds fn 1603
to L6135 mannds in 19100 This is contivmed by the experience of the
Honlile Mr. Keatinge, CLE. Direetor of Agriculture of Bombay who
visited Java in 1913 and who has kindiv sent ux the following information
(Letrer, dated Poona, Anenst 28th. 1916

“ When T was in Java T was on the lookout for indign seed for vou.
bt was told evervwhere that there was very little grown vow in Java
ad none at all onan oreanized seale. D eonld not iind that any of the
Compavies arew itcand the only place where T osaw 1f grown was at
Dijokjnkarta where a good deal ix wrown tn =mall plots by natives for
their own use. When T was there in December the erop was stiil voung.
Fron what Fsaw Teel fairly sure that it xno longer grown on a commer-
cial scale or nnder <killed supervision i Javal”

Tporrers of Java seed often comment on the difference in quality
and germimation power between that now obtained and the supplies of
ten vears ngo, The seed now iported ix raised by the natives who
according to van Gorkom (p.32) take 1o care inselecting their seed.
When grown by the Puteh plters: the prodoetion of sced was a
nitter to which great attention wis paid. Tt appears therefore that
Both in Java dtself and also i Bihar the hotaunieal constitution of the
main erop has altered va milae mamer and 1 now Targele composed
of deep-rooting, Inte types. These late tvpes. however, do not breed
true. hut give 1ise to o cortain dumber of carly quick-growing furms.
v carelul continnows selection of these early types it ix practically
certain that the old Java indigo, which did <o well in Bibar, can he
recovered.

OF Tate venrs wilt has =otmetimes nade it appearance i fields of
Sumatrana indize, The explanation of this oveurnrence is donbtless due
toa chanwe m the tvpe of plant cultivated, Tt is well known that in
recent vears i goad deal of seed has been brought from the Punjab and
mixed with the Cavenpore tvpe belore sale to the planters.  These North-
Weost tvpes are deeper yooted than the Cawnpore plant and are therefore
mare lable to silt in Biliar. The vemedy in this ease is to preserve
the ofd Citenpore plant and to supervise the production and sale aof the

seed
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1V. THE CULTIVATION OF INDIGO.

The eultivation of indivo Is largely a matter of soilweration. The
aim before the planter is a simple one namelv. the production of the
maxinmm amount of indizo per acve in the shortest possible thne,  After
the end of July. the cropisalways liable to danace by wilt and floods
w that it js a erveat advantage
weond cut durine the latter part of thix month.  The directions in
which the plant ean he assisted in its work fall naturally under two
hoads—cultivation and drainage.  These two matters will e eonsidered
weparately,

Cultieation Tt 1 in the cultivation of Java indico thar mproved
methods are particalarly neece

to force on the srowth and secure the

vv. The preparations for sowing
Samatrana at the heainning of the hot weather have reached a high level
with the means available and no very ereat room for hmprovement
far as this gpecies is concerned. Tnthe preparation of
the Tand Tor the Java erop however. insuflicient attention is often paid to

appeirs to exIst as

the aeration of (hesoll.  As Is well known. the Bikar aliuvium becomes
densely packed by the monsoon rains and is often on the molst side when
the sowine thme for this erop comes round in October. A thoroush
cultivation of the soil hefore sowing amd the formarion of a vood acrated
tilth have a wonderful effeet on the voung seedlings,  Their reot
development s stronger. abundant mnodules are formed and the
plants cone away well in late Cetober and early November.  Want
of cultivation on the other hand, particularly when the =oil is on the
wet side. leads to a stunted crop verv lable Lo attacks of Psylla.
Planters will find it to their advantage to bestow more care on their
preparations for sowing Java indico for leat and to hear in mind they
are dealing with a lecuminous plant whose future, as an nuh;_m
producer, depends on a copious developrient of voots and ront-nodules,

The cultivation of hoth Java and Sumatrana indico during the hot
seson ix  matter to which adequate attention is only now heing paid,
During this perfod, two thines are necessary—the removal of weeds
(which rol the soil of molsture and minersla and cheek the branching of

indizo) and the formation of a surface maleh of several inches of loose.
ey s0il ta congerve the moisture and cheeld hurning, Kven on the best
winaned estates it is doubtful whether the indivo is cultivated enoueh
during the hot weather. 1t 3s still possible (0 see stretehes of plant
competing with weeds in Jand the swrface of which is much roo hard
and firm to the tread.  Formerly. indigo fields were hand-weeded but
the resul(s were not ratisfactory and the expense was considerable.
The erop ean be weeded and the muleh of dry soil produced hy means of
the Canadian Tever-larrow, the tines of whieh ean be adjusted (o snit,

)
[
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the stage of development of the growing indizo.  Immediately the cover
crop is removed in March, the voune indizo should be cultivated with
these harrows and. as the plants develop, a deeper and deeper muleh of dry
soil should be produced. Weeds are at the sane time pulled out and the
preprd is broken, About the beahming of Mav, the crop should be sufti-
ciently advaneed to stand endtivation with the sprine-tine eultivator 1
by which a muleh of dry sottabout three Inches in depth ean he produced.
The celiect of this cultivation is to stimulate cronth, to remove weeds
and to Jeave a thick nleh of dry soil. - This soil muleh preserves mois-
ture and cheels burning and also serves to absorh all the early monsoon
vainfall. The result is extremely vapid growth and the hastening of the
time ot the first cul.

After the first evop is taken. the indizo'roots produee shoots Tor the
second eut much more quicklv il a branch s Teft to maintain the trans-
piration ewrrent, This i @ creat advantage as the gooner the second
cut is tuken the better. It often happens that wilt appears on the old
branch as soon as the new hasal shoots are well established.  This has
Leen referved to aliove and ix merelv a starvation effect and does not
invalve the wilting of the new growth.

After the second cut has been removed. the erop should be dug out
and the land ot veady for subi crops. Tt does not pay to keep the old
stumps foraseed eropas by this means the land becomes exceadinglv
foul with weeds wnd the quality of the seed 50 obtained is wonerally
poor and often suall in amount.

Draipage. As the well-heing of the indigo evop. other things being
cqual. depends on the acration of the soil. it follows that any means of
protecting the porosity of the land from damage by rain and flood-water
must prolong the life of the plant and inerease the vield of indigo,
One ob the factors which destrovs the tilth and cuts oft the aiv supply
to the roots s the minfall. This we eannot control and it may
sometinies happen that this factor alone will be sullicient (o destroy
the aeration of the soil and bring on wilt.

Theve are. however, two factors bestdes (he divect rainfall which
atfeet sol-neration,  These ave the run-off (the portion of the rainlall
not ubsorbed by the soil} and floods,  The run-off (often referred to as
sirface drainage) is perhaps more detrimental to indico than Hoods as
the lormer damages the crop every year whereas floods occur only about
once in four vears.  The run-off acts as extra rainfall and Tand subject
theveto loses its porosity and therefore its power of maintaining its air

Ufhe Canadian fever-harrows referred to can now be oblained from Mesas, Octavins
Rterl & Co. Calentta, who are the Indian Acents for these implaments. The five tine,
spring-tooth cultivator is sold Ly Messe<c AL Butler & Coo, Mozaffarpore, and by Messas,
Volkart  Brothers, Lyallpur, Munjah,
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cupply much more rapidly than fields which Tave to deal with their
awn rainfall only. The control of the run-off is a shuple matter and

can be achieved by the Pusa method of surface drainaze now ta he

seetl in yperation on the Dholi estate.t This svstew consists in dividing
the zerats into suitable blocks, each about five bizhas inextent separated
from one  another by trenches provided with arass borders, The
ran-off of each field pa
is ledd to the drainave lines.  Fields at a lower Tevel are thus protected
and have fo dead with their own ramfall onlv.  Incidentallv. the fine
il 15 refained on the lind and such felds level themselves and vapidly

s over the 5 borders into the frenclies and

increase in fertility.

- Tloods afiect the well-being of the indizo crop inseveral wavs,  Com-
plete submergence of the plant for any lenuth ol time naturally destroys
it. On light poor lands, where the nodule cvele is important. the flood-
e of the Tand either kills off the indico at onee or leads to wilt,
Submercence of the land mowhich the indizo depends on the nitrate
nitrieen evele may not inall cases. as explained above, destroy the erop,
Even where the high Tands are not Hooded. any oreat vise in the water
fevel al once affecets the sub-soib and renders it nneh moister than before,
The atfected indizo may nor aetually wilt hut e often beains o clanee
i colour and to dvop its leaves,  An teresting case ocewrred at Pusa
in October 1915 when the Tate food markediy atfected the amount of
motsture i the sub-soil and led to the production of mueh vellow leaf
fallowed by leaf-fall, Floods are also detrimental ininterfering with
the efficiency of a surface drainage svstem by blocking the outfalls and
=0 preventing the draining away of the run-off.

The prevention of loods is naturally a more difficult matter than the
control of the run-off. It is. however, of great importance to the luture
of the indigo industry and to the awicultural development of North
Billar. This tract of country consdsts, as Is well known. ol a series of
alternate videes and low-Iving areas whicl ran roughly parallel to the
Hvers. A section at vight ancles Lo one of the vivers would pass

throwgh a series of these raised folds and low-Iving depressions. The
indio factories oceur on the ridaes and rice is cultivated in the depress
stons. During the monsoon, the sub-soil water level yapidly rises and
the rice areas fillup with storm water. The monsoon water-level is now
often so high that onlv the ridees remain above water.  When a {lood
comes down Trom the hills wnder these conditions. the water-Jevel rises
still more and sowe of the ridees with their indivo fields ¢o under water
andare destroved. No loeal systent of surface drainage, however perfect,

P For w fuller wecount of this systent of surface draiee and of i advantages e
veader i referved to Pusa Bulletin' 33,
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is ol iy avail noainst such Hoods, There ix total submerzence for some
11;[‘

s till the overworked drainage lines can auain lower the water-level.
Serious s ix the occurrence of these floods. a0 still more ominous circum-
stance ks the faet that the high-flood level is slowly vising at the rate of
about three inches o vear. The result is that the alr-spaces in the soil
hecome more and wore rephiced by water and the area of indigo killed
out inereases.  Experienced planters sav that this continuous 1ise in
the flood-level is caused by embankments (canal, vaib and road) which
interfere with the natural drainace of the country and indirectly silt
up the water-ways, There can be o doubt that they are correet and
that in the development of Narth Bihar far ton mwch attention in the
past has heen devoted to communieations and that Tittle oy nothing has
been done 1o maintain and hnprove the water-vavs. The vivers and
drainage lines incan agricaltural conntry are far more important than
roads, railwavs or canals. The vivers and their tributaries ave the
natural drains of the country which carry off the surplus water and
prevent the Tand beconmine a swamp, Anvthing whicle interferes with
this viver wction in the monsoon lelps towards swamp conditions in
twu winvs—byv halding up vater and by causing silt deposition in the
chanmels. When the flow ol a river is cheekedt sile hegins to deposit
and the hed s raised. The viver thus hecomes Tess eflicient and as this
procecds it overflovs its Tanks move frequently. In the constyuction
of practically every bridee over the small vivers and dratnage lines in
North Bihare, too much attention has heen paid to cconomy. Tnereeting
these bridees. an carthen embankinent is gencrallyv thrown across from
cach bank of the draiaze line and a litele bridue is put o in the
widdle to save ron-work.  The result is that the high-flood water-way
is partly obstructed ©water Is held up Tonger than is necessary while the
deposition of silt slowly blocks up the channel. Besides such embank-
ments, the Tribeni canal. which  erosses the drainige Ties near (he
Nepal frontier and sonietimes converts the country to the north into a
huge reservoir, s sadd to bea potent source of mischief.  The bursting of
this miehty artificlal lalke 15 often too wueh for the overworked rivers
and. i 1915, great damage was done.

The veredy for this state of things is the lnmediate construction of a
drainage map for the whole of North Bitae onoswhich the various drainage
lines and the Impedinents to the free flow of water are acenrately
recorded. With thix map as a basis. obstinetions to the natural fow
of water can be removed and the Executive will possess a powerful means
of control in the future, No new machinery is inmediately necessary
for dealine with this matter. The Distrier Boards possoss the Tunds
and Embankment Committees exist for dealing with such subjects
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On hoth of these bodies the indigo planters we stranaly vepresented,
The inprovement of the general drainaze of Novth Biliar is the founda
tion stone o which the fabrie ot a rejovenated natural indieo mdustr v
can he reared.

V. SEED SUPPLY.

e nddgo, The importanee of a reliable souree of seed of Java
indizo needs no explanation. B the supply can be produced Toealiy
a lree amonnt of money will De saved and o great sonree of anxiety
o the plinters will have heen rewoved. Now that the mprovenent
of the Javierop by seleetion is i prooress, 1t i mwore than ever desi
able to discover methods of seed crowing swhich are quite mdeeiadent
ol the season aned v hicloean e taken g on the extates thenselves,

Considerable attention has heen paid to this matter at Puge. The
first yroint that has heen proved s that seed groviog must be resarded as
quite separate fron ordinary indizo cultivation and that the fornge
practive of keeping on old indizo for seed must be given np. 4 special
seod erop should be soven i eardy August which aftevwards can be kept
for Tead. Tncovdinaey vearss as fas been demonstrated at P aond a
Dhli. this operation presents 1o difficulties and  execedinaly tine

crops ob well-filled seed ean v this vy be obtained. s no setting

takes place unless the flowers ave visited by Twees, the seed crap must
e wellspaced and - the plants allowed to braveh. 11 srown o the
ordinary wav. the plants are mueh too elose together and only o ittle
seed is formed on the tips ol the fanches,

facvear of Teavy Julv and A
the matter s, however, not o simple. Sueh a season oecurred 10 1915

wtorainfall conbined vith foods,

when on many estates, the Auoust sown xeed CrOp Was hiore ar Joss
a failwe, As the experience obtained fn that season furnishes
viduable confimuation of our views on the importniee of xoll-actation
i indizo arowinu. the Lucts of the case st he stated i sonie detail,
The monsoon of 1915 in North Bihar was heavy and well-distrilneod
and. i addition to the minfall. theve veeurred a series of fovds which. oo
most estates. cut shore indivo manufacture and killed out Taree arvas
of the crop. The weather during the first il of Augnst—the period
when Java indizo Jus to he sowin for seed-—vs + ery wot aid few Dreaks
accurved, The almost continuous vainfail aitey the seed erop wis sewn .
coming as @ reinforcement to the heavy falls o July and o the floods,
sa consolidated the soil and interfered with its acration that on a con -
I'NT‘IHII\'OI}' few estates only did the seed crop do welll Tt owas only
I cases where the suyface drainage was cood wnd the natural actation of
the 501 was above the aversge that Java indiso sown for seed was able
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to erow normally and produce an average outturn, On the heavier
soils I the sub-nontane tract and on the Hohter lands which had been
flonded previous to sowing. the Soil-acration wis so interfeved with that
the seed crop was attacked |»_\"
failure.

sgfte and wilt and proved a complete

At Pusa, anormal vield of seed was only obtained on two of the
hizhest plots in the Botanieal Avea. The indizo on these areas, which
were perfectly deatned. helaved as inoa noemal season. Three plots
at a Jower elevation did not do nearly so well. AMter the Jast flood in
Octoher, the solland sub=soil becane neh wetter (due to lageral percolas
tion from the CGandale). the leaves hegan to tuen vellow and leaf-fall
eomunenced. The erop was saved Drom destruction by o deep cultiva-
tion with the Joder which save the roots the necessary air. The late
flood kept the sub-soil water hizh and so prevented the soil-acration
which tollows the wswal Ll of the ground water in September. The
three plots b question zave o moderate vield of cood seed but It was
not L the hot weather hegaon in Febraary that the foliage really beeame
nornel. This experience ws well as Gt on iy estates shows how
mueh the prospects ol the seed erop depend on the minlall and on the
fall of the wound-water towards the end of the monsoon.

In the case of Java indigo sown for leal incarly October on the highey
s, quite different results were obtained.  Ater sowing time, little
or o vain fell Gl Marelt and so there was nothing to nterfere with the
matural aevation of the sofl, Inonany «

ses this leafl erop wve small
quatntities ol exeelent seed b Februnee, a0 phenomenon which does
not often veewr i Nedrs when the normal amount of cold weather
rainfall is received.

This experience szrees, T all respects, with the resudts of the varlons
experinents by growing Java Diedivo Jor seed at Pusac Reed formation,
other thines helng equall is 0 matter of sotl-aeration. 1 ample air for
the roots is provided a Lall crop ol seed is obtained. I heavy and long-
continued rain after suwing interferes with growtly, the crop is hound
to be below the average.

1t has been showa that Iordinary seasons August sowings on higly,
dramed Tand ave all that is necessary toosecare the seed erop. Some
means. lowever, ninst e discovered of obtaining seed i svet vears like
1913, Neveral niethods of accomplishing this result are heing tried. H
theseed crop Issonn fadelv thicklv, ivmizht casily be possible by means of
the fever-lareow on the vousy indigo to increase the aeration very
considerabiy during the breals 1n the

rains. s soon ax the crop 1s strong
enough towards the end ol Septenber, she spring-tine cultivator could
he used to Inerease still more the depth of the uerated soll and in doing
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<o half of the rensaining crop could e removed.  Mter the hatliv, the
Jand could be tuuinied with the doder (mattock) after which air would
find its wav to the deeper Javers of the soil.  In ordinary vears. such
A Ll‘L‘.ltchlllt does the seed crop a great deal of sood. lna vear like
1915, it made all the difference bctwcon: success and failure  and the
expense was well repaid.

Bosides eultivation duriny the carly stages of the seed  crop, the
1,;,g<ihilir.\' of improving the avration of the soill by means  of thikra
Fenzins fo be considerest, At Divolis it was notieed in 1915 how much
fuster the October sown indizo developed in a field  in which #hilra
seewrred. The growth was twice that on the lind which contained no
potsherds. At Pus very eood results have bheen obtained on such
land and it might casily pay to make speetal thikra fields for seed indiuo.
Experiments on this point ave in progress hoth at Pusa and Bholi and
it 1s expeeted that the first set of results will he obtained next eold

weather,

[n addition to adding thikre to the Land. the provision ol <ub-0il
drainage may prove to be necessary inovery wet seasons. Preliminary
restlts obtained at Pusa indicate that this method s likely to be
aweeessful. The method 1 being investigated and as soon us possible
will be tried on an estate scale.

A further point connected with seed prowing is under investization.
Tt has been observed in the past that ndizo forms the best seed on rather
poor Land and that vieh soll b a disadvantage, Rimtlar observations
have Tieen yade o eram awl other Teawminous crops, Soil-acration
for these erops s of the createst value i seed formation hut vichsoil. even
when combined with inproved aeration, leads to rank orowth and a
peor vield of seed. 1o as we suspect, indigo helaves in the same way
the point will be important as nany of the indiva zerals ave on the
vich xide due to extensive dressiy

s ol seeth. The experiments on this
point at Pusa vueht to vield definite results this vear.

The storage of Java seed offers an obvieus solation for tiding over
ar unfavourable vear like 14915, In ordinary vears when crops of at
least twelve maunds to the acre can be erown, it would be casy to dry
the seed and seal it up In sheet dron bins of the Pusa pattern.! Such
seed would keep Tor several vears and thus estates wonld be indepondent
of the seaxon.

Swmettrane fudigo, Some attention has also been patd at Pusa to
Madras
and Cawnpore—and both were sown in Auoust. I each case "sood

arowing Swmatrana indivo for seed. Two vavieties were tried

- Poradesaiption of these bins seo yricaltaral Journal of ndia, volo X, poiir, 1915,
They are now manufactuved by Messrs, Burn & Cu., Caleatta.
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seed was produced but the vield was small. The prospeet of srowing
the seed of this species at a profit in Bihar dovs not appear very
promising, The seed supply will becamie inportant however 1f any
considerable Inprovenment in this species is obtained by selection.

The vesulation of the present seed supply of Sumatrana indizo from
the Cawnpore region is a tatter of importance. Some system of inspee-
tion of the fields and the purchase of the whole crop by the Bitar
Planters” Association wonld prevent adulfteration with poor quality seed
from the North-West and would also help to regulate the price, This
is primarilv a matter for the plinters themselves, It concerns the
investivator. however, as well for wntil the seed supply of Swmatrana is
properly controlled. there is not mueke polut in-attempting to- improve
this crop by selection.

VI. THE IMPROVEMENT OF INDIGO.

1. Java indigo.

The introduction of Juea fndeigo. The introduction ol the Java
plant into Biber agricolture i 1898 by Meo Hoo A0 Baily was an
important event in the history of the natural fndizo indusiry, This
species is mueh vicher inindizo than Swmatram and also gives @ higher

weloht of leal to the acre. Until it hecame allected by wilt in recent

vears, great hopes were entertained that by its means the decay in the

Bihar indi

so industry cauld be arvested and the competition of the
svnthetie product sucee

sstullv withstood.

Natal inidigo. Java indigo 1 said to have heen introduced into
Juva fromn Natal where it was found crowing in the wild state. Java
indivo, as wrown by the Duteh planters, is however guite a different
plant from the wilidindizo of Natal. In 1913, through the good offives
of My F. B Smith. Secretary of Agricubiure to the Government of the
Transvaal, the seeds of sinule plants of the wild indigo of Natal were
separately collected i that country for erowth at Pusa.  In this way,
a strict comparison was possible between the real Natal indigy and the
Java plant. The seeds of the vavious Natal plants were sowi separately

i rows next to next soax (o detennine to what extent the progeny
of a single parent showed any marked varation. The rows were
remarkably uniforn in themselves and there were no ereat differences
to be observed between the varous lies. Natal dndizo proved
to be erect in habit with little-branched. oreen stems and the
foliage was somewhat sparse, The veddish stems and leaves and
the  wuch-lvanched Tabit of many of the trpes found in Java
indigo were entirely absent. s regavds susceptibility to Psylle and
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witt, the Natal plant showed far less resistance than the Java culiures
rowing side by side. This fact. combined with its eect habit and poor
branehing lefe no doubt that. Tom the agricultural point of view.
Natal fudigo i usuitable for cultivation in Bihar. This agrees with
the cxlwriém'v of several of the Bihar ndice planters themselves,
Constitution of the Jara crop. Java indizo is by no means so
uniform as the Natal plant. It consists of & muss of forms differing in
habit drom ereet to much branched types) : in colour of the stems and
foliage ureenish. intevmediate and readish) ©in size and shape of Teatlets,
i time of fowering  and also in root-development.  The ranee

is extraordinary and the ocemrrence in the mixture of forms resembling
Natal indivo Tends colour to the idea that Java tndive arose from a cross
hetween the Natal plant and the species JTormerly cultivated o Java.
At first siebt, Java ndizo appears to afford an ideal seleetton vround
for the plant-hreeder. Before, however, the question of immprovenent
by selection can be considered. the methods of pollination and f
fortilization in this species must be studied i detwl, 1t s only on
such evidence that coreeet methods of Tnprovement can e Tounded.

Pollination. The method of pollination of Java digo was studied
by Pavnell at Rirsiali and inthe last report of that station lie deseribied
the results of this investication as follows —

“Examination of the flower of 1o arreeta voveals @ meclianism
dexianed to ensure extensive cross-fertilization.  The style projects
thrvouzh the ring of anthers and carries the stigna into the closed apex
of the keel where it is protected from contact with the pollen liherated
lower down in the keel by the bursting of the anthers shortlv before the
flower opens. By carefully exposing the stigma of an unsprang flower
one cat see that 1t remains free from its own pollen in ahuost everv
wstance. I the spring mechavism is not released the flower remains
in this condition for several davs when it hevins to fade and the pollen
My walnaccess to the stionn and produce self-fertilization.  This
latter event however oeenrs rarely @ this may he due partdy o the faet
that the pollen does not abways veach the stivma and partly to the fact
that the pollen of an old fower possesses considerably Jess cermination
power than when it ix fresh. a fact readily denmonstrated by eermination
tests done inan agar solution containing 15 ln‘l cent. cane sugar

Normal fertilization appears to be brought about through the auen ey

of fnseet visitors.  In the voung open Hower. 2 staie of tension exists
between the ov

vand the keel. The latter exerts a strona downward
pressure o the ovary and Is kept in position by means of a fold of its
free edge on cach side, the two folds cowing tugether for a short space
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over the ovary about the middle of its lenuth, Two projeeting spurs
ol the keel, one on each side level with the folds, support the winos as
alevel platform over the keel.  When an insect alights on this platform
the spurs are depressed. therehy sepavating the folds and releasing the
oviry. The wings und keel spring down. owing to a sudden bending
at their hase, till they are about at right ancles to the ovary which has
jerked suddenly upwards. The stizima comes into immediate contact
with the wnder side of the inseet whicl is also covered with a clond of
pollen s in this way the stizma recelves o mixture of pollen from the
Howers already visited by the inseet, This operation mayv be observed
very redilv i the field. beine effected most commonly by pis floren
and flalictus guitwrosus, two common Indian bees, both of which visit
flowering indizo plants in large numbers.”

During the past three yvears we have examined the flowers of Java,
indizo o detail and owr observations confimm and extend those of
Parnell, The details yelating to the flowers and the method of pollination
can beoseen in the Plate. There is no deubt that pollination by means
of hees 13 the rule in this crop and that in the absence of these inseets
little or no setting takes place. To prove thisca number of laree
healthy udigo plonts. which had been srown from seed sown at
the end of August. were covered with frames over which mosquito
netting had been stretehed The plants were put under the Frames
before any flowers had opened and the bases of the franes were sunk a
lew inches i the earth to ensure the complete exclusion of inseet.
visitors. T all cases practically no pods formed. the flowers remaining
open for a few davs and then deving up. The covered plants avew, if
anyvthing. better than those outside,  The ordinary uneovered plant set
seed incabundance and the contrast b this respect hetween the covered
and uncovered plants wus most strikine.  In each of (he covered
plants one branel was allowed to erow vutside the net, an aransement
Laving been nmuude for this purpose which excluded fnseets. The hranch
arowing out into the free air inall cases set seed. therehy 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 salelv to the exeluston of nsects,
The absence of more than very oceasional setting under nets
although the sticmais often in contact with its own pollen. s not

Deseription of Plato—1 a fowering branch of Java indieo, 200 complete inflores.

cemee. 3, vipe pod. da flower bud showing the relative position of the anthers and
stigma just i pullen js Tiberaged. v fully opened Hower, 6. a0 spmng Hower.
7. the heel seen from above showing the projecting =pur<and folds, S, half the keel seen
sideways showing the fold which Leeps the young podl i pla e 9, the position of the
leaflets at midday. 10, a loaf in early morning. 11 the paritiog of the leallots at dus’c
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confined ta Java indigo. It 15 & common oceurvence in that wronp of the
Legumpinnsae i which fertilization s Tareely dependent on inseet
visitations.  Sumatrana indigo hehaves i exactly the sane manner.
Apnther interesting local example s snad (Crotalarae puncea). Iy such
vases for Tertilization to take place, 1t is not only necessary for pollen to
come i contact with the stivina but the stizma must itselt be stinudated
by ruhbing such as oceurs when the indivo flower explodes and the
stivmatic surface strikes somewhat violentlv the wnderside of the hody
of the hee.

Natwral evoss-fertilization. The fact that practically uo setting
takes place under nets and that for seed formation to ocenr the visits
of hees are necessiry. points to the existenee of extensive natural eros

ine. We should expeet to find that the cvop is a mass o complex
vbrids which do not hreed true from seed. In order to verily this
]r‘nilll and also to compare the progeny of single plants, the seed of a
Liree numiber of dividuals of the 1913 crop was collected separately
and sown singlv i lines. next to next. the following Auanst. None
of the plants bred true but gave vise to mixed enltwres. thereby confirm-
inu the occurrence of extensive natural crossing in this erop. Variation
ilie to erossing fook place in many obvious eharacters such as the colowr
of the stem (zreens, intermediates and yeds). time of flowerine. habit
of wrowthy size of leaves. amount of total Teal sueface and rapidite of
arowt b

Viqour of pliunts frow self-fertilized seed. Iy all crops where cross-
fertilization i the rule and little or no setting takes place in protected
flowers, it 1s particularly neecssary to determine wiiether or not there is
any fack of vigour In the plants vaised from self-fertilized seed. %o fay
as the evidence obfained at Pusa woes, the indications are most definite
that Java plants raised from seli-fertilized seed. even in a sinule
seneration show a marked falling off in size and seneral visour.  1fan
aftempt were made to parify fhe Tava habrids and to ohtaina plant
breeding trie with high indican content. the experinent would. in all
probability. fail ina few vears enaceount of self-sterility. Equally weak
plants ave generally obtained if a siwilu attompt s made in erops like
maize, Experience teaches that in such cases there is no- advantace to
be abtained in trving (o avoid erossing and to seeure plints breedine true
o tepe by cantinued  sell-fortilization.  Sueh attempts at In-and-in
hreeding fail thranah loss of vegcetative vivonr. 1t is better to control
crossing in such cases as ava indivo than fo attempt to prevent it

Dudican coptent.  One of the factors that must he considered in
the improvement of Java indivo by selection i indican content, That
the various individuals constituting the mixture known as Java indieo
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differ cansiderably in Jadieap content seems exeeedingly probahle on
seneral principles and s confirmed by Parnell’s statement  that these
differences actually do oceur in the ficld, The profitable utili
of sueh differences however is quite another  matter,  What

tion

is the wmeaning of idean content 2 Considered physiologically. the
indicen in the plant represents rounhly the difference hetween the total
nitrazen assimilated and that used ap for growth. Tudican content.
W we know, vares preatly with the environment and s usually hichest
in slow arowing plants. Other things being equal. we should expect a
hicher Jndican content in stow crowing. late tvpes than in rapidly
developing enrly sovts. This ix supporfed by the trial of & rapidly
wrowing tvpe of Java at Dholi this vear which gave somewhat less
indizo per 100 maunds than the weneral erop hut made up for this by an
increased vield of plant per acre. Converselv, the late Madras type gave
more indiear per 100 mannds than the carly Cawnpore Sumatrana.
Beratheil  (Sirstah Report for 1906-07, p. 19} found that the indican
content in the slow-zrowing Multan tvpe of Sumatrana was higher
than in the rapidly-growing Delli-Cawnpore variety,

In selecting on the hasis of hich indiean content for Bihar condi-
tions weare likelv to encounter a serious difliculty. The plants richest
i sudiean will probably he slow-growing. Tate kinds which will not fill
the planters” carts and which mav be caught by wilt and floods in the
second il of the season. What the plutter wants is a vapidlv-growing
i
early safe monsoon period. The nvestivator, in following the line of high
indivan content. is more than likely to fadl. He may saceeed in wetting

va plant which is o cart-filler and which canmake the most of the

a tvpe high in indican Int it may he of no practieal advantage to the
planter. In a comtry like India where the season 15 everything,
experience teaches us that it is hest to play for safety and not to take
risks. Tt 3 alwavs advantageous to cultivate tvpes which will ripen wel
within the season and to avold late kinds whicl onlv succeed now and
then,  Every planter will aurce that the period June and July is far
more important in indigo manufacture than August and September and
thitt the sooner the first two euts are carted the better, The planter’s
objeet in growing indizo must at this juneture he clearly kept-in mind.
[t i {0 seeure the maximum amonnt of Indigo per acre. wof fo grow the
type which gives the bighesi yield per 100 mends of yreen plant. The
hichest vield per acre under Bihar conditions mav easily be obtained by
tvpes which are by no means the hichest in indican content.

Methods of selection. In the improvement of plants evervthing
depends on the adeption of the richt method.  The method or methods
in any particular case depend on an aceurate understanding of the [acts
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dealing with pollination and Tertilization and a correct appreciation of
all che working conditions, botameal as well as agricultural,

In the present case it will he an advantage, hefore dealing with
the actual methods whiclt can be adopted, shortly to reeapitulate the
workine conditions,  These are ;—

(1) Cross-pollination by hees is the vule and Tittle or no setting
takes place in the case of protected flowers.  Artificial
self-pollination is difieult and does not vield much seed.

(2) The cvop. as ordinarily arown. consists of & mass of complex
heterozyuotes. that s, of plants which do not eed true.

(3) The seed of sell-pollinated fowers vives vise to ofspring
Licking i vigour eompared with the plants raised
from ordinary seed. The ocenrrence of sell-sterility is
practicallv eertain in Java indigo,

{(H) The tvpes composing the crop v
arowth and thne of flowering. Some develop quickly
and fower early, others wrow much more stowle at first
and onlv hewin to flower fowards the end of the season.
This range in time of fowering is corvelated vith the
development of  the root-svstem—the carly sorts are
shallov-rooted while the Tate kinds are deeprooted.

voereatly in rapidite of

(5) The tvpes varv in didican content and there is evidence lor
believing that the eurlv Kinds contain Tess snlican per
100 maunds than the late slov-erovine kinds,

(f) The best method of obtaining seed of Java indizo s by
Auaust sowings and not by keepine on the Octoher sov
leaf crop for seed.

(7) The time  during vhich the work dealing with chemical
seleetion has to e carried at s very Timited,  This must
be done dwring carly Octoher hefore fovering heains
and the plants tested must be na similar stage of
development,

Lostudy of the working conditions discloses the fact that the i
provement of the Juva erop by seleetion will not be casy. Methods
of seleetion such as can he applied to craps like wheat in which self-
pollination is the rule and in which croxs-pollination s e are out ol
the question,  Methods which ean he adopted In erops like tobaceo
which set seed freely nder mets are equally elininated. Selection
which depends on artificiallv selfing protected plants is put out of court
I the oveurrence of sell-sterility. One set of methods onlv rennins
those which depend on the control of natuwral crossing. T many wespects,

D
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these are the least satisfactory of all the methods of selection as the
pracess to he elfective must be continuous,

Three methods of seleetion are possible in Java indigo. in two of
which considerable progress lias already been made at Pusa.

(1) Selection of mixed early tvpes. As has already been indicated
in this repart. the advintages of rapid maturity are likely to outweigh
all other considerations,  1f. therefore. the seed of @ large number of
promising early dndividuals is colleeted separately and sown in lines,
A comparison can be made among the offspring as revards carliness,
vigowr and rapidity of yrowth, branehing power and general agricultural
fitness. The best cart-fillers can thus be picked ot and the weak lines
eliminated,  The lines which remain can then he gone over and all the
weak and Tate-flowering plants removed. The seed of the remaining
plants is now mived and sown on the large seale. Careful elimination
ol unsuitable plants is carried out hefore flowering begins and a second
eliminationa few weeks afterwards will serve to remove all late flower-
g individnals, When sufiicient seed has heen obtained, the early
mixture can he uiven ont to estates. The seed evop shonld be
subjected to similar careful selection every vear. This can casily he
done on the estates and in the course of two or theee vears the mixture
will tend to breed closer and eloser to the desived type. .\ promising
early mixture has heen obtained in this way at Pusa which will soon he

ready for a trinl onan estate seale, There s, however, no reason why
every planter could not hegin work himself on these lines and develop
an carly mixture suited to the condition of his estate. Ahout a hundred
ar two early flowering plants should be selected from the ordinary mixed
erop and labelled.  The seed of these should be mixed and sown
the following August on a field seale and all late and unsuitable plants
destroved. It is more than probable that such a mixture, besides giving
wore indigo will alko prove considerably more vesistant to wilt than
the present Bihar crop. We should not be surprised to find that
this methad. rough and readyv as it is. will vive better results than either
of the two remaining methods which will now he described.

(2) Selection of single early tvpes. The onlv difference hetween
this method and that just  deseribed is concerned with the wonber
of orivinal parent plants. In the present case. the selection is
started from one plant. The choice is made after observing the
produce of ahout fifty promising individuals
side. The twa hest cart-fillers are selected. all late and weak plants
elininated and the seed of each is sown separately on a laree seale,
Every vear the process js repeated and most  of the aberrant tvpes
removed helore floweving,  Any late plants which have escaped are

rown in lines side Dy
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destroved Jater on and in this way the selection is kept s near to tvpe
as possible. s soon as enongh seed has been obtained. the twy best single
seloctions are tried on an estate seale. Two of such selections (tvyies
[1and 15) are now being tried on the Dholi estate, cave heing tuken
tu wrow the seed ol each n fields about two miles apart.  Although these
pypes are vapild growers and show considerable promise they are not likelv
to prove sich good cart-fillers as the selection from the wixed carly
tvpes. Awixtuye s likelv Lo make the best use of the available space
hoth above and below ground, by the nterlocking of the hranehes and
roots, The imdividuals of a single type set into each other’s wav much
more than those constituting a mixture,

(3) Chemical selection. The success which has attended chemijcal
selection in the case of the sugar beet is one of the reasons why hoth
planters and mvestigators have hoped for similar results in Java indiuo,
The cireumstances of the two eases. however, are widely different.  While
we consider that an attempt should bhe made 1o improve Java
indigo by chemical methods. nevertheless we feel that planters shoulil
be prepaved i not for actual failure at any rate for somewhat measre
vesults, The difficulties whiel attend the application of this method
to indigo under Bihar conditions ure considerable. T the first place,
the plants likely to contain the highest fndiean will probably tum one
to be late, deep-rooting sorts Nable to wilt.  The early, yapidlv-orowing
tvpes seent to be the most desivable kinds to crow and eliemieal selee-
tion vught onlv to be applied to these fors, at anv rate at the
becinning,  In the second place, the chemically selected parents will
lave to be urown under nets and allowed to cross amons each other
by means of yelavs of pollensfree bees introduced into the cazes. In
the third place, the time availalle for analvsing the pavents is verv
small as the process must he completed before Howering begins,  Unless
the range in dudican content of the individuals which renin after all
wnsuitable plants have been removed is consitlerable. cherical selection
Decomes impossible, We  know that the individuals of o mixed crop
vary widely n Judican content, We do not know the range among
the members of an earlyv tvpe Teft after the weak and wnsuitable indivi-

duals have heen removed.  Chemical selection dues not avise wntil o
wilt-resistant type of Java indigo hax heen selected and testod on
the estates. Onee this has been obtained, an attempt can be made
to lmprove it by chemieal selection,

1t must not be Torsotten that a cood deal of work was done by Bere-
theil and Parnell at Sirdah on the Improvement of the Java crop by
chemical seleetion.  This is deseribed in the last Sirsiak Repot. A set

wol
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ol seeds of the selected plants. which had been isolated on aceount of
their high Judican content. was handed over to us when the Indigo
Hescareh M tation was closed. These seeds were sown al Pusa where
they proved to be slow-growing. deeprooted tvpes. Thev were des-
troved by wiitand did not setany seed. Fide hy =ide; the early, rapidly-
arowing Java scleetions grew vigorously,

It ixowell to bear in mind when considering the question of chemical
seleetion that the Bilar method of raising sced from the Java indigo
arown for leal amonnted. to all intents and purposes, to the selection of
plants high in e, By this process, the Jate fowering. deep-rooting
types were preserved and the early forms snppressed. The result of
this nnconscious chemieal selection was o bring the natural indigo
Icdustrv 1o the verge of ruin.

2. Sumatrana indigo.

The tniprovement of Sumationa indivo by selection is likely (o prove
even more diflicalt than that of the Java erop. Sumatrana does not
vield so mueh seed as Java ven crown under Biliar conditions.

The general methods of pollination and fertilization in Sunatiana
closely yesemble those divendy dexeribed in the case of Java indigo.
The details with recard to the structure of the Hower. the method of
pollivation and the Wfrequency of sefting nnder nets are very similar
i hoth species,

The miethods of seleetion possible in Sumatrana are very much those
ahove deseribed Indetail 1 the case of the Juva plant. There is, how-
ever. less range in forne in the case of the Cawnpore plant—the tvpe
whict appears to be the most Tavowable selection around. The Indigos
from North-West India e senerally aereed (o be hardly worth
vrowing m Biler, The Madras tvpe is more pronising hoth from
it branched halic and hizher Judican content ut it does not crow
well wider Bikar conditions, s it patiwes fater than the Cawnpore
Plant, its root=xvstem i deeper and o this way jrolalily be found the
reason for its unsuitability for ceneral cultivation in Bihar.

I 193 small qrantity of Madrvas Sunmtrana was obtained from
the Cuddapah District. This ivpe was tried at the sugsestion of
Professor X G Perking RS who found in Eneland that it contained
niove gndicos than Bibar Senmtrana, O owas <own in Auvoust for
seed by the side of the ordinry Cawnpore Sumatrane. Althouch Tater

i Alowerine, the Madvas tvpe arew and hranched exceedinaly well and
appeared to be very promisdng. Fnouglt seed was then obtained fron
Madras for a full vat test on the Dholi estate the followine vear.  The
result was not promising. The vield of indivo to every 160 maunds of
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plant was very satisfactory and .hvttm’.th'un the Cawnpore ]'»]amt. The
praduce per acre. ho\\'v\‘or:\?';ls disappointing and the erap dd not grow
well under monsoon conditions.  The Madras type being deep-rooted
probably requires hetter soil-z‘wrnﬁ{m than is possible under Hi]n.u' condi-
tions.  The result. however. is of interest. It supports the view that
Jureness. deep-rooting and high indican content go together and that
this combination is of no value in the Bihar alluvium.

Should it be found possible by selection to improve the Cawnpore
plant. the difficulty of the seed-supply will still remain to be overcome.
Sumatrana seed 15 not erown in Bihar and as far as can e seen at pre-
sent it 18 likely that it will he cheaper to import seed from the Cawnjiore
pesion than to grow it locallv. What will he the fate of an improved
Sumatrana when wrown by ecultivators who cannot he supervised
The chances ave that it would speedily hecome mixed with country seed
and thercfore lost to the Bihar industry.  Until some ellicient means of
controlling the  production of Sumatrana seed s been devised it
seetns hardly worth while to expend the Tabowr needed for selection
work m this crop.

One line of Investization however must be kept in view namely,
the }J(.ssiltilit§' of erossing a high vielding Java type with a good strain
of Cawnpore Sumatrana, The object would be to evoive a new type
ol Java with a shallower root-svsten and more rapid arowth for Bihar
conditions, Such an improvement depends o whether Java and
Sumatrana can be crossed.  Attempts have been made in this  direc-
tion by two of the assistants at Pusa but without suceess. s soon as
opportunity permits. we propose to examine this matter ourselves,

VIL. INDIRECT METHODS OF IMPROVING INDIGO.

Apart from the well known value of seeth in Biar agriculture and
the fuet that we are dealing with a leauminous plant. there is one aspect
of indizo cultivation to which insufficient attention hax been paid. This
is the place of indico. particularly of Java indivo. in the rotation.  The
deep root-svstens of this erop acts lke radar and 1s w most eflicient sub-
soil plongh for the Bihar alluviwm. It not onlv tends to conserve the
supply of organic matter but also opens up the sub-soil and helps to
keep the Tand in condition. 11 the cultivation of Java indigo were
siven up on the estates. planters would have to place their high lands
periodically wnder rduer, the vilue of the seed of whieh is small. The
advantage to rice of u previous crop of Nuwmatrane is recounized and
several planters have observed the improvement In the riee whicl
results from this rotation.
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I the second indigo report, reference was made to two indireet
methods of Improving the ndigo industry. namely, the provision of
a more valuable cover erop for Java indigo and the hetter utilization of
seeth. Further work has heen done in hoth these dircetions,

Corer erops. O certain soils in Bilar, it appears desivable to cheek
the development of the Java crop during the cold weather and to begin
the hot season with a somewlat late plant. This is accomyplished by
growinga cover cropsuch as wheat which not only cheeks the indieo and
provides vevenue but also keeps down weeds.  Possibly on very styong
soils which hold water well and in localities where the conditions are
such that little burning takes place in the hot weather, it mav be an
advantage to grow a pure indigo crop and to force on wrowth for early
manufacture so as to secure a second and possibly a third ¢rop while
mathai s still possible. Whether or not a cover crop Is desirable in
the ease of Java indigo s likely to be settled by local experience,
The danger of a cover-crap s undoubtedly to be found in the possible
nterference with =ufficient Nght for the voung indico. Tf the cover-
erop s foo rank. too much light will be eut off and the indigo will suffer.
This 15 likely to happen with any kind of wheat (unless sown thinly)
on strong soils.

In cuses where a cover erop is fonned desirable there can be no ques-
tion that a rapidly maturing wheat with little foliage Jike Tusa +is
suitable for the purpose. For some vears on the Dloli estate, good
erops of this wheat Tave been wrown with Java indigo andjrovided the
stubbles are thoroughiv harrowed  afterwards, the succeeding indico
crops develop well Inun average vear.  The harrowing, however, is
essential and it is hest to wet this done  Immediately the wheat is cut
and the surface soil is still soft aud moist.

The value to the planter of a rabd cover crop like wheat depends partiy
an the existence of a ready market.  Fortunately Pusa { s an early
kind with cood wrain qualities and therefore likely to find favour in
the Caleutta mills. To test this, a full scale milling test was mransed
last April at thellooghly Flour Mills which are manaved by Messrs,
Shaw, Wallace & Co. The pereel of 356 mannds milled was grown partly
on the Benipore estate and partly at Dholi. The Manawer of the
Hoouhly Mills (Mr. T1 G Favlor) has kindly sent the following report
for publication (Letter dated Rankristopore, dune 21(th, 1916}

" Both lots of wheat received were quite up to the standard of the
sample sent from Pusa, clean and of umlorm grade. and contained not
more than one and a half per cent, refraction. T had a test taken of
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the natural moisture confent and this worked out at 11 per cent. this
Jiieh percentaue Delng due to the more humid atmospheric conditions
then prvvnilim_n

{ find Pusa +is capable of absorbing water in Targer quantity than
ix the caxe with the ordinary varietios we have to deal with and this
;,],],l.“[q‘;lbl‘\' enhances its value, During the milling process. the
wmoling and middlines separated very frecly from the bran, and the
vield of the former was much hicher than is ordinarly possible. the
“mllif_\‘ was also correspondingly hizh,

In the actual reduction of middlings to flowr there was an entire
absence of what we deseribe as ** wooliness 7 or " softness ™ with the
rosult that the dress out of the centrifugals was very free, 1he flour
quite lively to the tonch, and the separations all that could b'o desived.

J presumed Trom the appearance of the wheat that the bran pereent-
ave wouhl be low and this turned out to be the case for it was 3 per
cont. below our normal.  With the experience gained. and a laveer
quantity of this wheat to handle, | believe a still lower bran pereentave
would be possible.

On testing {he flour by the Pekar test it turned out of a grevish white
(the native of India prefers his flour to have a slightly vellow tint):
the colour may improve hy an additional moisture content. Under
the douching test, the flour showed great tenacity thus indicating the
presence of uluten of high quality and quantity ; the following figures
show the pereentages of gluten content, wet and drv, as compared with
onr ordinary quahity of {lour.

Wet, bry,
Tusa . . . - . .23 1575
Qrdinary . . . . . . .38 114

The drving was carried oul in a ITearson electric oven at u tempera-
ture of 100°(%, for five hours.

The Tast and most conclusive test of all has heen the haking test
it is in consequence of an unsatisfactory baking test carried out a fort-
night avo that the presentation of this report has heen delaved, and this
result was due Lo the incompetence of the haker I hud then engaged.

However, 1 have now a ¢ood man. and he has just turned out a hatch
of the finest bread | have ever seen in India : the loaves are equal in
appearance to the Manitoba and Pusa 1. illustrated in vour © Milling
and haking qualities of Indian wheats ™ and is in decided contrast to
the eorresponding loaves made from onr ordinarv superfine. although
that is also of very high qualitv. The texture of the bread is very uni-
form and it possesses a distinetly agreealile flavon ; my baker speaks
hizhly of it and states that it is the hest flour he has ever handled,
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[ have now concluded my report and trust that 1 have made
mysell sufliciently clear and intelligible. Tt there are any other points
vou would ke information upon please do not hesitate to write and T
shall be most willing to assist vou to the hest of my ability.”

[t will be seen that the results of the trial are verv satisfactory and
that the Caleutta Mills are Tikely to huy up any quantity of this wheat
produced in North Bihar.  There is hound to be a considerable demand
for Pusa 4 for seed purposes for certain tracts in Central India and in
the United Provinees where this wheat is being taken up by the
cultivators.  The planters
no difliculty in disposing of this wheat at remunerative prices.

The efficiencyy of seeth.  Asis well known, seeth is an excellent manure
for tohacen. Ity value, however, depends on its power of aerating the
soil as well as on its chemical composition.  Evidence has been obtained
at Pusa that small pieces of tile (thikra) when added to tobaceo lands
also act as an efficient aerating agent. During the past vear it was

arowing Pusa 1 in bulk will therefore have

found that wanai used as a ureen-mamure on a thikre plot gave twenty-
four maunds of cured cloarette tobacco to the acre which fetehed
fifteen rupees a2 e, It 3s clear that if the  experiments in
progress prove that it will pav to dress portions of the factory werats
with  thilra. sueh lands  will need much  less seeth than is  now
custonary to apply, The experiments on this subject have now
reached an estate seale and the vesults will be published as they

accumulate,

QUETT.A,
clugnst Sth. 1516
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