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NOTES ON COTTON IN BEIIAR.

ITHE following notes on cotton growing m Behar are pub-

lished for the information of planters and others inter-
ested in cotton, The notes on the cultivation of cotton
have been revised by I. G. 8ly, Eeq., (Mciating Inspector
General of Agriewlture, and by I Tletcher, Fsq., Deputy
Director of Agricultnre, Bombayv. These notes lLave been
compiled from observatiots made at Pusa and doring my
tours in Behar, and I take this opportunity of expressing my
indebtedness to planters who gaveme opportunities of visiting
their cotton enltivation.

H. MAXWELL-LEFROY,
Imgerial Entomologist,

ACRICULTURAL RESFARCE INSTITUTE,

Puss, BexgaL,






NOTES ON COTTON
IN BEHAR I[N 1904

The experiments with cotton at Pusa have not vet given any definite
results which will help cotton experiments elsewhere in Behar, and still
more is it impossible to offer any recommendation in regard to general
cotton cultivation in Behar, But as several planters are themselves
making experiments, it is hoped that the following observations based
upon my examination of catton at Pusa and other parts of Behar may
prave of some use to persons who still desire to experiment with cotton,
particularly in regard to the important matter of cotton pests. A con-
siderable area of cotton has been grown during the vear 1904-1905 in
Behar. with a small area left from 1903 sowings. At the present time
the results are verv indefinite.  The matter will be clearer by next April
and May when the growing crop has been harvested. The main points
to be aimed at are :—(1) Vigorous cotton plants vielding freely either at
regular intervals or in one crop after a short time : (2) Good lint. fetching
a high price : (3) Cotton that does not vield in the rains @ (1) Plants free
from disease.

(1) 1t is important that cotton should come in bearing all at once,
giving lew plckings ; one mav aim at a short-lived plant yielding freely
and then dving (as in Tndia generally) or a more permanent plant whick
vields heavily at certain seasons and which is pruned or cut down everv
season (Perennial cottons such as Tree cottons, Sea Tsland, and others).
The gross vield of cotton lint and seed must he high and the proportion
of lint as large as possible.

(2) The ruestion of good lint for the market is one that cannot be
considered here. Samples of all cotton grown this season should be sub-
mitted to hrokers or experts for valuation at once.

61 L G. Agri.




2 NOTES ON COTTON IN BEHAR.

(3) Cotton should not hear in the rains ; it will do so if allowed to
grow for two seasons and not cut down hefore the second rains, but such
colton has little value.

(4) Plants frec from disease are produced by good cultivation and
treatment.  No fungoid discases are apparently to be found but insect
pests are obgerved. Tt should bhe remembered that most of these can be
checked. that thev are worst frem June to October, and practically do
not barm cotton in the winter. It is therefore important to get cotton
to vield during and alter the winter, the atter being probably the hest.
There is some importance in choosing varieties not attacked hy
certain pests hut this is a smaller matter than the above considerations.
Cotton sown in early June and vielding in September is much more
liable to insect pest than cotton sown in September and vielding in
March,

Vayieties—Some hundreds of varieties may be seen at Pusa but agri-
culturally the cottons grown mayv he classed as -

(1) Behar Déshi, /e, Indigenons cotton.
12) Other Déshis.

(3) Acclimatised American Cotton.

(4) American Cotton,

{3) Tree Cottons.

[6) Levptian Cotton,

We may consider them in order, in the light of the above points.

(1) Behidr Déshi is the ordinacy cotton grown by cultivators with
Arthar or other crops. It Is a vigorous growing plazt, healthy and fairly
free from diseases, The vield is uncertain as vet. Tt thrjves with other
crops that draw much of the moisture [rom the soil, making its chief
growth after they arc removed. Tt may be accepted that something
hetter than this cotton is to be aimed at.

\2) Deshi Cottons, e.q., Broach, Navasar, Goghiri, As grown by
planters, they form vigorans bushy plants, with great vegetative vigour
and little fruiting vigour. Some fifteen months old cotton has never
vielded. It withstands the rainy season better than other cottons and
grows freely. It is liable to three pests, Stern Weevil, Bud Moth and
Mealy bug, which do not attack some other cottons. On the whole,
whilst these eottons may be an improvement on the Behar Déshi, there
is no reason to believe they are worth growing by planters. The vield
must first be determined.
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(3) Acclimatised American Cotton (Dharwar and Cawepore cotion),
These have stood the climate better than any except Déshi kinds.
Acclimatisation produces a healthy plant but aleo deterioration in lint
(J. Mollison). Reed of American varieties acclimatised in other parts
of India docs better than newly imported seed, it grows best, is free
from most pests, vields before the cold weather (and probably after),
and in some cases seems to do well In the second year. These
acclimatised Americans give some promise of ultimate success. It
would be worth experimentally growing the hest seed under the condi-
tions discussed below.

They suffer from leaf caterpillar, and Green Leaf Hopper. which are
far less serious than other pests and easily checked.

(1) American Cotton (Allen’s IIvbrid, Texas Big Boll, King’s Im-
proved, Bovd’s Prolific, Russell Long Staple, Truitts Big Boll, ete.),
These have almost universally done badly or died out. This is due, not
to disease. but to adverse conditions.  Allen’s Hybrid, King’s Improved
and Boyd’s Prolitic show some promise.  The important point with
them is to preserve the seed for next year from the best plants of the
present vear, remembering that acclimatisation improves the plants,
that nearly all unacclimatised ¢ced failed this year, that for every estate
the conditions are different.  The seed of the best plants, which is now
one year’s acclimatised, should do better next vear. 1f American cotton
is to do well, it wili be this seed that is acclimatised here, Further, under
favourable conditicns, American cotton has been grows and has v
this season ; the question is one of lavourable conditions and cultivation
not fully understood as yet but which may he so in a short time.  Then
the acclimatised seed will be worth growing. The seed of only the best
plants that vielded this vear should he kept and sown experimentally
next year. 1t wonld be unwise to plant large areas. Pk

(5) Perennial Cottons, such as Tree Cottons, (arovonica, Sea [sland.
and the like.-—This class includes a great variety of cottons of which
little is vet kmown, It is probable some may do well, yield freely and
prove remunerative : at present no variety can be recommended, and only
experiment will show what can be grown on any estate. Tt is wneertrin
when oy how these cottons will vield. whether they will stand the
wintez, what pests they eet.  Plants that are not vigorous are atiacked
by pests.  The fndigenous tree cottons of Behar are extraordinarily
vigorons and healthy, apparently vielding largelv ; but thev arc urewn
under peculiar conditions and may not grow so well in the fielde. They
show promise, and every variety found in the District deserves a trial,
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(6) Egyptian.—(Yennovitch, Metafifi, etc.),—Little has been grown
and there is not enough to give anv definite conclusions. Grown with
irrigation in April, it has vielded a tall plant, suffering much from pests
in the rains and not promising. No better results are gained by growing
in June without irrigation. Egyptian cotton scems very unpromising.

Cultivation, etc.

Cotton in Behar failed largely as it could not stand the wet season.
No ether conclusion is possible. Tnsect pests generally had nothing to
do with it, nor can other diseases he found. It was simply excessive
moisture.  On the whole, cotton in land under trees was far more healthy
than cotton nol near trees; colton with Makai and Urid was better
than cotton with Makai alene, and the latter was far better than cotton
alone ; cotton on higher land was better than on low lying land ; the
whole points at once to drainage. Cotton would have done much better
with a small rainfall, or on better drained land. In some cases the
Makai was sown much too thickly smothering the cotton. The problem
is one of the drainage or of otherwise improving the conditions ; that is
paramount. This fully agrees with the conditions under which cotton
is grown generally, as in United States of America, West Indies. the
Deccan. Sind, and Egypt.

There seem to be three ways of improving methods of cotton cultiva-
tion t—

(1) Drainage. (2) Growing with other crops. (3) Sowing at
another time of the vear.

1t is not possible to say what will be the effect of these, hut they are
the lines on which experiments should be tried. T would suggest (1) sow
some on ridges, two fect or more apart, at least twelve inches high. This
is done with Barbados Sea Tsland cotton (the best in the world) and with
American cottan. At ihe same 1ime, any possible drainage would be of
advautage.

(2) Sow other crops with the cotion, .., Makai or Urid, or any other
crop that will grow and suck up the moisture : that is a matter that I am
not competent to discuss hut must be worked out hy experiment.

(3) Sow ol another time, not in June—~The cotton was sown in June.
and in April with imigation (Egyptian and .American).  Neither was a
success, [ would advise sowing some trial plots in August, September
and Octobar.  If the cofton germinates then. it will not have to struggle
through the long rainy scason, it will be well established by the end of
November and should come on well in the following hot weather. Tn
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this way not only will the wet he avoided, but the insect pests which are
worst in June, July and August will not aflect it. and the cotton will be
produced in the dry weather hefore the rains.  1f the plant of perennial
varlety is then cut down it may grow freelv in the next rains and vield
again In the sccond yvear. This would appear to best approximate to
the condittons under which cotton is grown elsewhere, and to be the ex-
periment best worth trving, At the same fime it iz not certain how the
votton will stand the winter, and this can only be regarded as an experi-
ment to be tried on a small scale.

The conclusions arrived at now are generally
(1) That the seeds of the hest plants of the American cotton grown
this year should he kept for resowing on a small scale,

(2) That this resowing should he done :
in the best lands
with every possible drainage or help to water extraction,
(b} in August, September and October, hoth on the flat and on

ridges.

(@ in June with other erops and on ridges,

13) That acclimatised American seed may be worth another tial,

() That every tree cotton found on the estate deserves a trial. as
well as other tree cottons of different types.

t9) That in no case should cotton he grown with a view to profit in
the first vear hut only as an experiment.

There are other considerations, but I have discussed the main prob-
lems and indicated what 1 believe to be the rational course.

The question of manures cannot be gone into here : some expert-
ments can be seen at Pusa, and cases have heen seen where the clese
proximity of saltpetre works improved the cotton.  The pests are a minor
feature of the prohlent and =il be discussed later : one may sav that
Déshi are liable to the worst, that American suffers from preventable
pests, and that there are some that attack all alike, There is nothing to
show that there is any pest-proaf vatiety, and for cach variety of cotton
vertain pests can he expected and dest roved.  There are some hundreds
of varieties of cotton under trial at Pusa. but sinee on cach ostate the
results are not the same, the experiments there should he checked by
small experiments on cach estate. l

Insect Pests of Cotton in Behar.
A total of 14 pests of cotton are known in Behar, of which 3 are at
present known in Behar only, and 11 are general to cotton in India.
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Nome of these have not been fully worked out, and it is only possible to
indicate what should be done to check them. Full accounts of others
will be published this vear. with illustrations, and any planter growing
cotton who desires to know more about these pests can obtain informa-
tion from the Entomologist.

Shorter accounts of the commoner ones are being printed in Jeaflet
[orm, and copies of these will be sent to any planter who finds the pest on
his cotton.

At present 4 very short diagnosis of each pest is given, so that the
pest may be recognised easily, and the method of treatment is indicated.

These pests do not attack all the cottons grown ; T state here what
vatleties are attacked by each pest, classing the cottons as :—

(1) Bengal Deshi, e, the indigenous cotton grown in Behar hy
cultivators,

(2) Broach and other Deéshi kinds, mostly from Bombaxv.

(3) American including the new American kinds such as Allen’s
Hybrid, ete.

(4) Acclimatised American, being Dharwar American, Cawnpore
American, Nagpur American, ete.

(3) Egvptian cotton.

(6) Tree Cottons,

A —Insects attacking the Leaves, and seen chiefly up fo September.

1. Halry Caterpdlars (No. 136).~The hairy caterpillars that come in
nuwbers and devour the crops, are well known on indigo and cotton, ete.
These are the caterpillars of moths and injure cotton hy eating the leaves.
They are liable to appear several times in a year, and probably must be
destroyed if a good crop is to be got. I have had o opportunity of
studying them ; probably no other treatment is possible than to use
Lead Arseniate, sprayving cr dusting it on the plants to poison them.
This 1s cffective against other caterpillars and will be used this season
at Pusa, asit is elsewhere. Tghall he glad to arvange to do this as an
experiment on planters” crops when possible ; it is probably the bhest
treatment also for indigo eaterpillars.

3. Cotton Leaf Caterpillar {(No. 37).—A smooth shiny greenish cater.
pillar, with black head, of a length of one inch, which eats the leaves and
folds them over. Especially attacks the American, American acclima-
tised and Egvptian cottons. it is active in the rains. developing
quickly, one brood coming after another without cessation.
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This insect, feeds on the Lady finger (Bhinda, or Rimftirges) and from
that attacks cotton. It is important not to grow this plant at all on
estates where the cofton is grown as it brings the pest.  (This applies
also to the hollworms, red bug and dusty hug.)  Where the pest is found
early in the scason. it must e destroved hyv hand picking, a - gang of
eoolivs picking off the caterpillavs into tins. in which a little kerosine and
water is placed. Tf this is not done when the caterpillar first comes,
iv will multiply so fast as to render this impossible ; then there will be
no remedy but to spray with Lead Arseniate or to dust this on.
This pest is likelv to be serious if not checked, but 1f can he cheeked if
tsken in time, .

3. The Cotton Budiorm (Nov. 80)—A small green caterpillar, not
wore than one-third of an inch long, which lives in the leaves at the end
of the shoat and ties them together into a little knot.  This knot with-
ers, and that shoot cannot grow any further. The pest is chiefly found
an Déshi cottons and is not serious as a rule.  If mueh is found it is
easily picked off, the Jittle withered mass at the end of the shoot being
simply picked off and burnt.

4. The Spotted Bollworms (No. 73.108).~-Durk  eoloured spotted
caterpillars, short and fat, which destrov the {op shoots hy horing down
from the tip : they are worst in Egvptian and Ameriran cottons,  'This
damage is itself not important, but ag these insects later attack the holls,
it is important to check them at this fime. [ these withered branehes
are cut off and hurnt. the first brood will he destroved : this must he
done in August T it 1s not done, the later hroods attack the halls and
there will he mueh loss of catton.

The White Weerll (No. 6).— A small whitish weevil, which is very
common on cottor and indigo. It eats the leaves and except when very
abundant does no harm,

The Cotton Leaf Hopper (No, §2)--A very tiny green flv, found in
great numbers in American cottons especially, when these are weak.
This pest cnay he neglected if the cotton is strong and healthv ; if it is
weak and stunted the inseet will suck the leaves, canse them o wrinkle
and turn red. and may finelly kil them. Tt is not really a pest hut an
indication of an nnheslthy plant. It can be checked an valuable plants
by spraying with Crude Oil Enulsion. but this is not worth doing unless
the plants are especially valuable.

B. —Inscets in the Stew.

. The Stem Borer (No. 60).~—NSometines u cotton plant dies suddenly
WLthennﬂ 1n a {ew days ; this is due to a long white grub, which Las eaten
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out the centre of the stem, just above the ground. Tt is found in Déshi
cottons, and is a conmon pest in Bombay. Tt has heen found once in
Behar, There is only one treatment. to pull out these withered plauts
and burn them, in order to check the second brood. It is mentioned
here as it may increase in Beliar, but it is not as yet a serious pest.

R, The Stem Weeril (No. [40).-1t is found that the Bgyptian, Deshi
and Tree eotrons are attacked by a minute weevil. whose grub tunnels
in the sten Just above the grounl.  The grub is a very small white worm
which eats the stem inside : the stem swells at that point, and when a
high wind comes, the plant breaks off.  Very many plants were lost {rom
this cause in 1904, At present no remedy is known for it ; it has not
heen studied in detail. It Is probably advisable not to grow Egyptian
cottons. or Broach Déshi. ar certain tree cottons, where this pest is
found.

1 can only advise a caretul watch on the plants from the first, to see
it anv are swollen at the base and have the pest. 1t will be carefully
studied this vear at Pusa and if any planter finds it, he should communi-
cate with the Entomologist at Pusa.

(', —Insects {n the Boll.

1) The spatted bolhrorms (No. 73.108).

‘.Lj The pink bolheorm (No. 74)

These three caterpillars eat the growing bolls : thev may he found in
the holls. the {irst two being dark. with white and vellow spots. the latter
white with pink spets ar quite pink.

Thev are very common and will be found whenever there are holls.

No treatment is known which will save a holl once attacked ; the
remedy advised for the spotted bollworms abeve must be adopted in
August. or before the bolls ave formed. as the inseets arve then eatiug the
stems, waiting till the balls are formed. There is one further remedy :
when the first erop of holls formy, they should be picked over . the wormy
ones all removed and hurnt.  The wormy ones can he distinguished hy
the holes made by the worm in getting in. Tt this is done carly in the
season the first brood in the bolls is killed and there are fow left to
multiply,

10. The Red Cotton Bug (No. 69).— This is a conspicuous redl insect.
with a black diamond mark at the hind end of the hack. It laoks like a
red beetle, but is a plant-bug. It sucks the juice of the developing bells,
pushing a long slender Leak right into the boll, till it can reach and suck
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the seeds. It was very abundant at Pusa in 1904 and was desfroved by
eoolies, who had each a paddy winnow and a kerosine tin with a litthe
kerosine, He held the winnew under the plant. shook the hugs into it.
and then shook them into the tins where the kerosine killed them. This
is quite simple and very cheap.  This insect must be checked or there
will be great loss of lint and seed.

1. The Dusky Cotion Bug (Ne. 5).—A very small dark coloured bug
which is found in open bolls.  As a rule it attacks only bolls which have
been eaten by the hollworms and cpen prematurely. Tt is a sound pirac-
tice to pick off the bolls periodically and Lurn them.  Theyv are useless.
do no good on the plant and only breed this pest.

D.—Miscellaneous.

The Meuly Buy (Coe. 51).—This is a small white bug that lives on the
shoots of the Déshi cotton ; these swell and twist. forming a peculiar hard
gall-like knot ; Deéshi cotton suflers mueh from this pest. The simple
treatment 15 to pull off all these shoots as soon us they are seen.
When Broach and other Déshis are grown the plants should be looked at
when they ave, sav. a foot high, and when this hug is seen among the
leaves, it must e pulled off, the shoot heing removed and burnt.

13. The large Blister Beetle (No. 50).—A Jarge black heetle with
orange bands and spots. which 18 found leeding on the flowers of cotton,
It is not a pest. unless present in very large numbers, and does not hreed
in cotton. 1f it comes in large numbers it must be collected by hand?
From the ahove account, it would appear as if eotton could not possibly
be grown with all these pests in it, but it may be remembered that thev
do not all attack one kind of cotton. and that manv can be checked.

The important things to do are :—

(13 During the rains to watch for caterpillars and destroy them.
() In August or September, to look out for the hollworms killing
the shoots and cut the shoots off.
) To pick off the first lot of holls attacked by hollworms.
To pick off all the unsound holls and burn them, not leaving
them on the plants.
Not to grow lady’s finger (Bhinda) within a mile of 4 cotton
plant.
{6) Te check the red eotton bug divectly it appears.

o

The Bengal Dashi. Suffers little from pests, as it ¢ hidden among
61 T G Agri.
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other crops almost until the cold weather comes on.  Bollworms, stem
borers and mealy bug attack it.
Broach Déshi -8

flers from stem horers, from the mealy bug, from
red bug, and from bollworns.  Caterpillars also attack it but not se
much as other cottons,

American—Suffers from leaf caterpillars, from hollworms in the
shoots and holls, from red bug, and from Green leaf hopper.

Egyption.—Sufiers from leaf caterpillars, from stem weevil, from
bollworms in the stem and boll, from red bug. )

Tree Cottons.—Caravonica suffers from stem weevil, bollworms, and
from a peculiar mealy bug (Coc. 20). The red bug attacks some kinds,
but wany are free from pests so far as observed.

CALCUITA @ IRINTED BY SUPDT. GOVI. PRINTING, INDI4, 8, HASTINGS STREET.
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AN QUTBREAK OF COTTON PESTS [N
THE PUNJAB, 1905,

—————

Report on Cotton Pests in the Punjab in 1905.

1. The failure of tlis season’s cotton crop in the majority ot
the cotton-growing distriets of the Funjab was due 1o the action of
nsect pests, assisted to some extent by elimate and other conditions.
In general the sequence of events has beew somewhat ax follows,
The failuve of rain from the middle of July to the middle of Sep-
tember gave the plants a set-hack even on cunal hrigated lauds
and caused a varving amount of loss on univvigated Lnds. During
this time, two pests were at work, the cotton semilonper jn the
Jhelum Colony, the cotton aphis el thraughout the Provines.
tieal time, Tt had
disappeared before the September rain fell. After the vain, the
votton grew luxuriantly with the promise of a laree erop. This
promise was not fulfilled. he flower huds aud voung Lolls heirg

These pests further weakeued the plants at a ¢

destroved as they formed by bollworms, which were now found ‘n
lavge numbers over the greater part of the Provinee,  So great wag
this damage that plants actvally vigorons and healthy produesd
Hittle or o cofton, and the final loss of crop is due fo 1hix pest,
The hollworm is the Important pest. without which a full evop
would probubly have heen obiained, and the following pages deal
maiuly with this insect.

The Cotton Semilooper Caterpillar (Tracie cufewa, Sow.).
2. Thix insect was seen as a green caterpillar, about one inch
fong, whicl defoliated the cotton plants, leaving only the hare
lranches. The plauts put out new leaves, hut were weakened and
thrown back by the attack.  The caterpillavs on completing theb
metamorphosis appeared  as white moths with lead  colonred
markings. Targe numbers of which were destroved v Helit taps..
The caterpillars did not reappear ; the outbreak is noficealle onlv
s Indicating {the abnormal character of the season s this fnsect i
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common iu India generally as o harmless caterpillar [eeding on
cotton in small numbers only : ils increase in such lavge numbers
was abnormal and is wulikely to occur in the next season.

5. Cotton aphis (tela) is a pest wniversal in India on coftow.
o appears tu lave inereased rapidly duriug  August, seriously
infesting the cotton plants,  As the ndividuals are all females
which produce living young at a rapid rate, the inerease of this
pest iz very vapid if foad i< plentiful. The voung themselves
are capable of reproducing after a few days, so that o few aphides
cun, i short time, give vise fo a vast number.  These spread
over the field. constautly feeding and reproducing: they extract
the sap from the leaves and voung shoats, weakening the plant ;
they also deop a sweet liquid on the  leaves,  which dries to a
guminy covering i which a black wonld Bives : 1his black moukl
gives The Teaves a soofy appearance which is verv siriking and
which iz prabably the fivst sign of aphis seen by (le cultivators.
Aphis is ehecked Ty enemies, whicl feed upon it, and which this
season probably came i the normal manuner.  Aphis was probably
destroyed hefore the vain fell in September, though the cultivators
the rain waslhed off the black o
the leaves, the evident sign of aphis. whieh remained mu after +he
inseets themselves were destroved by their enemies, Ton November

believe the rain washed it awayv

only small quantities of aphis remained, and the Jadvhivd beetles
which feed ocaphis were common i the fields.

toAphis ds not an usect thal can be veadily checked when i
tias a good hold of o crop. except by s natural enemies: i aphis
is to he checked artificially, prompt measnres mnst be {aken in
good me. Tt may in time he possible to educate the rvol 4o the
piteh of looking out for the fivst colonies of the aphis and
destroving them (a verv easy matter). hut this cannot e expected
al present.  Nor can any practical method he devised of increasing
the beneficlal insects which destroy aphis or of bringing them upmn
the seene carlier. T helieve this will be possible in the future
when a sufficient staff is available in cach provinee. hut it cannot
be attempted vow. No remedy for aphis can be advised fop
general use, and progress can be made only by spreading informa-

tion about the heneficial insects and by experimentally checking
aphis on the Lyallpnr Farm.
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Cotton bollworm (Lurius fusalana, Boixd.).

9. The rain of September fell on cotton weakened by want of
vain and by the ravages of aphis. The plauts appear to have then
grown vigorously and eommenced to put out flower buds a little
later in the season than usawal. At this time, bollworm (Suadi) was
fivst seen, this pest continuing in evidence until the cold stopped its
work. The lite history of hollworm is briefly as  follows:--The
moth Jays eggs singly on the flowers, the buds, the Dbolls, the leaves
or the hracts 5 from eacl egg comes a small caterpillay whicly fewds
by preference first in the fower bud ; each little bud is eaten out
and the partially grown eaterpillav then enters another bud or, if
available, a green holl.  Wlhen full grown, the caterpillar spins a
stlken cocoon 1 the boll, on the bract. on the leaf, or, in unirrigated
Jaud. in the soil: within thix it turus fo the chrvsalis and after some
days emerges as @ moth, The four stages can all he found on a
single plant, the moth Iving hidden by dav and  fiving  in the

evening affer dusk.

G, Theve are i Tudia three distinet species of bollworn ¢ two
are called “xpotted Bollworm ™ and are distingnishalle only as
moths. These bollworms are <hort and thiek  set, coloured in
whity Irown whew voung, u blotehes of whitish green, black ani
vellow when full grown : they emerge ax (1 a moth with pure greewu
Lovewings (Karios insulo, Boixd.pand 201w medh with buft fore-
cen (Farius fobia, Stoll),
Pl white when young.

wings with o longitudinal  band  of

The thivd bhollworn is a <lender cafer
pink when full grown.  This emerges as a small dark brown moth
iGeleclia gossypicllo, Saunda. A o rnle, these three species are
in fairly equal number i cotton in India © a peculiar fealure of
the present case is that the only  species common  was  Fers
fnsulina, the two others, Earias falic and  Geleclia gossypiclla,
Feing absent vr present only in normal and very small numbers,
The damage to cotton was actually done by Eorics insulana and we
way neglect the other two species in discussing this outhreak.

V.o The damage caused to cotton s shown in the reports of
district officers, A attempt was made fo estinjate the actual state
of things by comding the proportion of Luds and  holls actually
infested Ty bollworms in the field.  Counts were made by myself
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and the assistant in several places and the following  figures are
ubtained ; —

Lyallpar . . Lot attacked ont of 595 er 45 percent.
o (bolls enly) . ANT . 708 " 60 o
Toba Tek Ningh .21 » 540 " oo,
Meltan . . . B " 114 " 33 .
Sarcodha . N . 566 . 49 '
Palwal . . L0 . 216 0 18 "
Karaal . . .27 »” 479 M 16 »
Tobnilk . . .68 o 223 . 24 o
Umbala . . e N 283 . 48,
Salkos . . . 43 . w1,
Jutundur . LT o 237 " 41
Kuvitsar . -] o 223 . 33 .
Lakore . . .2 o dos, 6
Muzaffurgarh . ) " 2450 " Rt
Dera Ghazi Khan AT . Gi:3 . 29 3

These figures Tave vo relative value, but ilustrate the actual
work of hollworns 1 where, as at Loallpur, 43 pev cent. of the buds
and bolls were wetually infested at one time, we can realise how it
was that not one hud or boll niight excape and that within a week
the whole nuber of buds might be destroved and the plant cow-
pelled to form new oues. This shows the way in which the cotton
was destroved 1 as the hnds formed they were calen and fell oft
the few Ut escaped to flower and form bolls were eatenas bolls
and either B3] off o3 opened prematurely and gave useless cotton.
Casual nspeetion of a field showed notiing bt unwonted abseuce
of flowers and bolls: careful examination of iwdividual buds and
Bolls <shoed the presence of DoJlworms inevery stage of their Hfe
history and revealed Tiow it was that such vigovous plauts vielded
Jittie or o vetual produce.

8. The origin of this vast wumber of hollworius is a matter of
vital dmportanes that may be explained quite simple. We may
Gint Jor the monient the winor hollworms aud diseuss ouly Karias
isulend, whose inerease led to the failure of cotton. When the
cottin commenced (o form bids, there nnde have been a eonsider-
able namber of inseets already in the fields, whicl as they emerged
as moths coapled and {he fomales then Taid evgs on the Aower huds.
Wefars the coffon formed Hower buds, the insectz were in (1) the
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greeu shoots of cotton and (2) the bhindi plauts. The hollworm
bores in the green shoots of cotton wlhen Dolls and buds are ot
available and can even live upon the colton leaves, though it ravely
does so. 1t also feeds upon the fruiis and (ravely) on the stems of
the Dblindi plants (Hibiscas esculentux). During the wmonths
preceding the formation of the flower huds ot cotton, the pest was
breeding normally in these {wo plants.  The rate of incvease of the
bollwor is large, 1t unchecked, and it 13 necessary o realise
preeisely what this ixo X moth in captivity lays from 50 1o 70 eges,
novmally about 0. 1 believe a larger number is Jaid in the field
wider normal conditions, hut it s sate to assume the figure GO as
the number laid. A single pair of moths emerging  from thelr
cocoons o the 1st May would produce 60 eggs. These hocome 60
moths about the Isl June, ol which 30 are females and Tay 1,800
cggs. On the Ist July there ave 900 females laying eggs and they
lav 54000 eggs, which on the Ist Xugust vield 27,000 females,
laving 1,620,000 eggs. On the Ist September 810,000 female
noths emerge and lay 38,600,000 cge<. This s the maximum rale
of Increase 11 none die and lalt are females, which all fiud mates.
The causes which prevent this increase occurring are manifold, and
it el not be supposed that sueh a rate of nerease actually oveur-
red: ot shows, however, what ihe incerease of a Jow moths iy
amount to under favourable civeumstauces. The figures are, in
generafions, 2 G0 0 LS00 0 L0000 ;1,620,000 ¢ 15,600,000,
Twenty moths per acre cmerging in the cotton in lugust would b
responaible for some 18,000 hatlworms per acre in the second gener-
the increase (herefore
ot twenty Lollworms per acre in the cotton fields in August woukl

witon that appears in the end of Sepremd

bave been far more than the wumber requived to destroy every hud
and holl i those fielils, and it s not unreasonable to Imagine that
this small nunber ocenrred i an acre of cotton in August.

9. This high rate of inerease ix normally checked n three
Wavs:— )

(e Tood is not alwavs available, and the moths have difticulty
in finding plants on which to deposit their cggs so that the young
may find food when they Latel,

thi The Jarvie are attacked by parasites which destroy them.

i) The moths wnl Tarvie are attacked Dy enemides, prineipally
birds,
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In the presenl cuse (a) the cotton, as usual, supplied abundant
tool when it commenced to form buds ; (h) parvasites were markedly
absents and (¢ excepting in the Thelunt and Chenab Colonies,
birds and similar ehecks were probably present in novmal number.
The peculiar feature of the present case is the absence of prrasites
this is very marked and ix o most striking civeumstance.  Normally,
when the bollworms jnerease with plentitul food, their pavasites
nerease move rapidly and keep down theiv numbers. The parasites
ave 10 fact the prineipal cheek on inerease, and  had they been
present in normal quantities the bollworm would probably have heen
checked. T have personally examined o large number of bolls iu
the fields in the Jhelum and Chenaly Colovies and in the lissax
District s a large muber of hollworms were sent to Pusa and reaved
theret in almost all cases the abisence of patasites has been con-
firmed, and T attrihue the great inerease of the hollworm to this
faet. )

10, The bollworn in India has three distinet parasdtes: asmall
ichmewmon fiv (Rhogas Lefroye, Ashinl) which is the principal and
most alnmdant one, inereasing rapidly and destroving o very large
propovtion of Dollwerms in normal vews: a vellow dclmewmon,
tound in small sambers, which fneveasex slowly  and has hitle
mfluence 2o Tachinkd iy (Plectops orbate, Wied.y, which hus heen
found only i Gujarai.  Of these the vellow ichuenmon was found
i many places i the Punjal in very small numbers, whilst a small
number also was reared from the bollworms sent {o Pusa @ Rloges
was reared only frone bollworms veceived from Umliala, Rasur and
Stalkot and was not found in the field @ Plectops was not found at
alle The most dmportant parasite which generally cheeks the
bollworm was, T believe, entively absent from the majovity of the
cotton distvicts. Tt s fmpossible to accoqut Tor this extroordinary
feature with any positive degree of cerfainty.  The only abnormal
cireumstance that I can find is the extreme vold of the preceding
winter, a eold which may have destroyed Rhogas while leaving the
hollworm.  This ix a bave hvpothesis Tnl one which is horne out
b our knowledge of the effect of climatic changes on insect life,
1F we seek to aceount for the abmornal outlreak of bollworm, we
may say that the abuornial enld almost wholly destroved the priv-
ciplzll check ou the Twllworm, so enabling the pest o inerease in a
manner approximating to its maximum.
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11. The failure of the cotton crop in 1905 could not be averted
by any practical measures, and it remains ouly to consider what
scheme ean be adopted in 1906 to avoid another failure due to boll-
wornt.  The sequence of events will probably be as follows : —The
hollworms will spend the winter hibernating in the cotton fields,
genvrally as pupwe in the encoons, partly as wumbed Lollworms or
noths, either on the planis, in the holls, or in the ground. With
the advent of the warm weather (hey will become active and fhe
moths will emerge to fly about.  The lavve will, if food is available,
continue to feed and become moths,  The moths will seel for fool
plants on which to Tay cggs and will do so on cotton cx bhindi. Tf
bliinedi s availalile, the pest will continue to hreed there until cotton
i available.  Tn the absence of parasites, there with e the same
abnormal inerease of the pest 1 if parasites arve plentiful the pest
will he chiecked. The divst measure is to destroy  all the ecotton
planis helore the hibernating insects emerge: that is, hefore
January S1st, s asafe measure with a good Jimit. There arve then
three precautions :—

() to plant mo bhindi, so as to aford the moth no food plant,
[hy Ao plant bhind/ as a trap crop at the same time as
colton or earlier, and destvoy the hollworms ;

() to inbroduce the purasites.

() Bhindi is grawn in smadl quantity as o vegetalle from
Mareh onwards. Even a few plants may in this case be a source of
great danger. and i 1x advisable, if possible. to check absolutely
the sowing of any bliindi unless it s with the express nbject of
trapping the pest.

() Blindi has been grown this vear as a trap crop with cotton
on the Puse Experimental Farm. It was sown in alternate rows,
with eaiton, wnd. separately. as a border round the cotion.  The
bliindi fraited and the bollworms were found in the fruits, These
fruits were removed and destroved. while the plants were Tefi to
form new fruits.  The cotton vielded freely, and whilst 4 per cent.
of the holls of the cotton were attacked, 58 per cent. of the Dhindi
pads i rows and 80 per cent. of the pods in the horder contained
Lollworms, often several in each pod. Tnoa check plot of the
same cotton grown at a distance without DhAind/, 21 per cont. of
the holls were infested with bollworni.  The vesults of this experi-
ment hear out the value of the Dhiadi plants as a  trap crop, «
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conclusion previously arrived at from an examination of hhindi
plants growing in the colton growing districts, and from a know-
tedge of the habits of the pest. L aw of opinion thal it is justifiable
by acl on the assumption that blindi used as a trap evop will e an
efficient cheek on the hollworm, and this is {he recommendation on
which [ place most relianee in dealing with  bollworm in 1906,
Bhindi shonld be sown round the cotton fields at the rate of two
seeds per hodam (5 feet 6 inchesy and as far as possible along the
borders of all fields near cotton. The more Bhinds that is sown
generally the helter, provided that it is properly rvealed. Tt is
possible that cqually
plots of bfindi seattered among the cotton fields and these will be
wore readily Jooked after o there will e less danger of plants being
overlooked iF this ix done. Ax the pods mature. they wust he

rood esults will follow trom small ecompact

picked off and removed @ the sound onex may be eaten, but none
must be left on the plant to vipen and none must be simply pieked
and left Iving on the ground.  All must be destroyed or cooked.
I Dhivdi plants ave simply sown and neglected, the moth will
emerge and will attaek cotton 1f it s avatlable. 1 there is danger
that the pods will uot be picked off it will be better to cut off the
whole plants affer a stated time, sav 7n August or when the pods
have grown Jarge to ensure the hollworm in the pods heing vemoved
and destroyed.

e The introduction of the pavasite can he effected by sending
infested holls to the vavious distriets and permitiing the parasites
to flv away into the fields.  The diffienlty will be to find a sufficient
number of bolls of cotton v blendi pods containing parasitised
bollworms : o lavge number can probably he sent from the Pusa
Experimental Farm. and possiDly arrangements can he made to
grow Dhindi as early as possible in the Tinbala or Sialkot distriet,
with a view 1o supplying parasitised hollworms to other disiviets.
The procedure would he to grow the Hhindi as early as the season
permits, sending consignwents of hollworm infested pods to con-
venient eentres. The holls on arvival would he kept in hoxes or
any convenienf receptacles covered with cloth: if parasites emerge
from the hollworms, they mayx be liherafed hy placing the box in
the npen and lifting the cloth in the daztime, when the parasites
will iy away and the moths will not.  As an aliernative the para-
sife breeding boxes In ute in Pusa mayv e emploved: these
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consist of plain wood hoxes with w sliding cover of wire gauze of
a mesh sufficient to permit the parasites to escape and not the moths
in this way the numbers of the bollworm wre not  inereased aud
the parasites arve rewdily disseminated. L aw wot of opinion that
very wuch can be efiected by re-intreduciug parasites, as the prac-
tical difficulties are very great and a larger swatt would be required
o do so efficiently ; it will, however, be of value 1 the end, aud
even it little cun be expected this season, the parasite should be re-
introduced at as many centres as possible.

12. 1t the cotton plauts growing 1 January are destroyed, if
10 Dhi/ndi s sown 1o the suniuer and 1f Glndi traps ave intelhgently
used with cotton crops, 1 anticipate w complete checking of the pest.
1t is not to be expected that this will be so thorough that all will be
Litied, aud the degree of intelligence with which the blicnde traps
will be used will vary.  Tere and there cotton will probably suter,
and in ihis case the cultivator iy be urged 1o kil the pest himself ;
aw active and intelligent cultivator would go over s plauts one
by one and plek off all infested hads. Alter many fours spent
in this work, T Delieve it is well within the scope of any cultivator
to check his bollworm evew il his linde trap fails 5 the work is
labovious but does not take long aud good resulis would follow
from this divect remedy if takewn up vigorously.

Dusky Cotton Bug {C.ycurcans laelns, Kivhy).

13. During my tour in the Punjub, I was struck with the great
prevalence of the insect known as the Dusky Cotten Buyg (Ovyeara-
nus lectus, nubyy. There was an fmmense amonnt of this little
insect feeding in the open bolis of cotton and destroying the seeds.
The great increase of this pesi Is probably due to the great nunber
of partially destroyed bolls lete banging on the plauts.  Norwally
this inseel, which feeds on cofton sceds, cannot multiply very
largely as the cotton is regularly picked ; the bug can feed only in
open bolls and is dependent upon them for food and for the power
to smerease.  This season so many open bolls were left on the plauts
that the bug found food and mulliplied ; not only did it attack the
damaged bolis but it infested the sound ones, and, in Hissar and
Hansi for example, the seed of the cotton was picked had
been to a laxge extent sucked oul by this pest. Such seed is if
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lightly attacked not of full weight, the oily matter being sucked
out by the bug ; if badly attacked the seed fails to germinate and
15 useless. The matter affects the cultivator in two ways: his
produce is lighter in weight and, sclling it as lint and seed together,
he loses in gross weight ; a proportion of his sced is not fit for sowing
either failing to germinate or giving a weak seedling. This insect
is readily checked if the cultivator can be urged o pick his bad as
well as his good cotton ; if, when the cotton is picked, the bad holls
were put into a bag separately and destroyed, the bug would be
checked and the seed of the good bolls  would not  he injured.
Trurther, bad seed can be removed very readily from the good secd
if the ginned seed is “ pickled,” that is, rubbed with a mixture
of water, cowdnng and ¢lay, and then thrown into water, when the
wholly bad seed floats.  This simple tesl separates the bad seed ; a
large amount of seell thus treated has heen examined seed by seed
to verify this. The following figures were obtained, in each case
out of 1,000 sceds. The first column shows the number that
floated, the second the actual number {out of a sccond thousand)
found bad hy splitting open each seed :—

Hansi . . . B . . . 160

Hissar . . . . . . . 240
Jullundur . . . . . . . . 88 97
Sialkot . . . f . . . . 173 190
Uwbala . . . N . . . . 181 176
Kasur . . . . . . . . 537 511

This seed was in all cases the ordinary seed obtained from
cinning mills, nol especially seleeted. T helieve that belter seed
and miore weight of produce would be obtained if the eultivators
could be induced to carry out these simple measures, and 1 would
urge that where possible they should be hrought to the notice of
the more intelligent of the cotton cultivators.
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