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Bud and Boll-shedding in Cotton.

A Preliminary Enquiry.
{Received for publication on 15th Scpiember, 1921.)

Inrgovuerion.

At its inception, this enquiry had for its main purpose the deter-
mination of the percentage of bolls matured to flower-buds produced
on cach of a number of plants, with the object of isolating. if possible,
a stram of cotton with a low shedding index, combined with high boll
production.,

As the work proceeded, it was noted that insect attack appeared
to play an unduly large part in bringing about shedding. The scope
of the enquiry was, therefore, enlarged. An endeavour was made o
estimate the proportion of shedding due to inseet attack, and inciden-
tally the obvious external features of the phenomenon were brought
under observation.

The enquiry was carried on through three scasons, and hed reached
a point from which definite experimental work could e started. Pres-
sure of other work and exigencies of stafl have ntade this impossible.
For these and other reasons, it is unlikely that we shall be able in the
near future to prosccute this enquiry further. We have, therefore,
considered it desirable to publish, as a record, the results we have
obtained.

We have to acknowledge our indebtedness to Mr. E. Ballaxd, till
lately Government Entomologist, for deputing two members of his
staff to aid us in collecting data during season 1921-22.

MATERTAL.

The work was carried out on the Central Farm attached tothe Agri-
cultural College and Research Institute, Coimbatore, between October
1920 and May 1923. The cottons used were Cambodia cotton (G hirsutum)
and progeny plants of the #'® generation ol 2 cross between Cam-
bodia cotton and Bourbon cotton (G. purpurascens). These Jaiter,
for other reasons, were selected for the similarity of their habit to that
of Cambodia cotton.
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In all three seasons sowing was completed between the 5th and the
Yth of October, i.r., at the normal time.

In 1921 the crop was uprooted by the 31st of July, in 1922 by the
3st of August and in 1023 by the 3lst of May.

In cach season the crop was irrigated as found necessary, and in
all cases xpacing was three feet each way.

1t may here he stated that normally in the tract in which the station
is situated. the cultivator obtains two crops of produce from the one
plant crop in the vear.  The fiest, the main or season crop, Is obtained
from the flowers which are borie on the svmpodial branches carried
on the mam sten anl on the monopodial branches.  The pickings from
this first lower flush begin as a vule late in February or early in March
and end in May.

The second or summer crop is obtained mainly from flowers produced
o branches developed from buds on the main stem and on the mono-
podial branches which lay dormant during the first ush, As a rule,
atinterval of frons four to six weeks. during which an odd boll or two
may burst, intervenes between the last picking of the season crop and
the first picking of the smmer erop. The pickings from this second
flush cease with the uprooting of the crop, the date of which is deter-
mined by Jaw under the Pest Act.

In 1920 the date fixed Tor the uprooting of the crop was the Ist of
Augusteand e 122 4wl 1923 the st of Septeisber.  1n 1923 the crop
on the station was, therefore, removed wueh earlier than the law dem-

wded. This was done becase the previous two vears' experience
showed that the produce of the seeond crop was badly attacked by
awseetand was mainly compased of worthless material,

Mernop,
I L920-21 as the intention at first was merelv to obt
for huds and holls produced ver pl S
field were selectod.

ain total figures
ant. 703 plants scattered over a % acre

Of these. 514 were of the Cambodia variety and 189
fambodia = Bourbon,

For each of these a vecord was 1

. hegun of buds produced. Tater,
this was abandoned. 3% Mants we

re set aside for more detailed examina-
tion. and work on the remainder lmited to keeping records of flowers

opened and bolls produced.  The flowering record was kept daily, except
on the 14th, 15th, 20th, 21t and 22nd of Januarv when \\'eat}ler inter-
ferad, 'Un' lmlling record was kept move i]’]‘(xgl,;la,rlv, but in no case
was the interval between pickings greater than four days.

The group of 38 plants set aside for detajled examination consisted
0728 Cambodia plants and 10 Camlodia >0 Bourbon plants.  For each
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of these a record was kept of buds produced. buds shed Howers opened,
holls shed and bolls burst.

For the reasons already given the hud production tecord was kept
irregularly. During the period from the 16th Decenber, 1920, up to
the 25th January, 1921, the plants were examined a varving number
of times, and at irregular intervals.  From thix date up to the 10tk
February, 1921, the examination wax made eviry altertate dav, and
thencelforward every fourth dav. except in April when on one occasion
a six-day interval had to be allowed on aceount of heavy picking
work.

The record of buds produced was closed on the 15th of May, but the
history of all buds recorded up to and including that date was followed
to the end. .

The rocords of flowers opened and holls hurst were entered up daily.

In 1921-22, 40 plands were picked for detailed examination. ©Of
these. 31 were Cambodia plants of strain No. 632, and 14 were Cambodia

Bourbon plants of strain No. 7649, The total nuber of planis in
these two plots were vespectively 338 and 371, These two strains
originated from sing
protected from cr

le plants selected i the previous season, and
fertilization. and were heing tested for purity.

As befare, for each plant a record was kept of buds produeed, buds
" shed, flowers opened, bolls +hed and bolls burst.

For tRis purpose the plants were examined daily up to the {4th Feb-
ruary, 1922, Thereafter, owing to the rapidity of bud produetion, it
was found impossible to complete the record of all the plants in the day.
The two groups were, therelore, each divided into two lots, each of which
was examined on alternate dayvs.

The records of flowers opened and bolls burst were kept daily as in
the previous vear.

In addition to this the combined sheddings of each of the plants
were collected dailv, and a record showing the nature of the insect
attack, if any, was maintained.

In 1922-23 the work of the previous season was repeated on 20 plants
of strain No. 632, The plants were examined every day. In this vear
the record for insect attack was kept separately for buds and bolls shed,
instead of a combined record as in 1921-22. Unfortunately an attack
of Black-arm (B. madeacearnm) showed itszelf about the 12th March,
1923, The records were continued until the 18th April. 1923 ; but,
as by that time seven of the plants had died, and all were attacked,
the work was stopped and the plants in this plot were uprooted and
burnt. Owur records are, therefore, not so complete as we would wish
them to be. The choice of this strain was unfortunate, as although




4 BUD AND BOLL-SHEDDING IN COTTON

it was surrounded on all sides by other Cambodia selections, it was the
only one attacked by this disease.

The procedure finally adopted in maintaining the records may now
be described. The recorders worked in pairs. At each examination
the whole plant was gone over branch by branch, working from the
lowest node on the main stem to the highest, one recorder took the plant,
called out the number of the node, stated whether a branch had deve-
loped or not, and whether it was a monepodium or a sympodium. As
each branch was reached, the recorder worked along it, node by node,
calling out whether a flower-bud was present, or if one had been shed,
or if a flower had opened, or whether a boll had shed or burst. As secon-
dary branches developed from the nodes of the primary branches, each
was dealt with in a like manner, hefore proceeding to the next node on
the primary branch. .

The other recorder had before him two sheets, one the ** diagram”
sheet and the other the “number and date” sheet. On the former a
diagrammadic representation of the plant was drawn, which was added to
as the plant grew.  The “ number and date ™ sheet was ruled lengthwise
in groups of six columns. Tn the third column of cach group of six,
serial numbers were typed before the sheet was brought into use. As
each hud develaped the date was entered in the first column of the group
alongside the appropriate serial numher, and this number was entered
on the “ diagram ™ sheet in its proper place. If the bud shed, the date
on which this was noted was entered in the second column, and a ring
was drawn round the number on the *diagram ” sheet. If the bud
developed into a flower, the date of opening was entered in the fourth
colmmn. Tf later the boll shed, the date on which this was observed was
entered in the fifth column. and again a ring was drawn round the
number on the © diagram ** sheet. The sixth column was reserved for
the date of bursting of the mature boll, or the cause of shedding if the
bud or boll shed, i

Reference to Mig. T and Appendix I, where sample “ diagram > and
“number and date ” sheets are shown, will make this procedure clear.

Thus when the plant was examined for bud-production at intervals
and not daily. hut was examined on each of the intervening days for
open flowers and hurst bolls, the serial nnniber of the bud from which
the flower or boll developed conld be determined from the diagram
sheet nn(? the correet entry made in the ** number and date” sheet.

Here it may be mentioned that only a {ew instances of shedding of
open flawers were noticed, During the three yeass in which this enquiry

was prosecuted only 38 open flowers were shed, out of a total of 9,979
Qowers and bolls reeorded as shed,
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Conditions at this station, therefore, agrce more closely with those
reported by Harland ! for St. Vincent and Lloyd  for Alabama, both
of whom state that shedding of the open {lower is only occasional, rather
than with conditions in Egypt where Balls  reports that open flowers
are extremely liable to shed.

Under boll-shedding, therefore, are ineluded bolls of all sizes.

It is also necessary to record that in 1921-22 the work sufiered from
two sources of inaccuracy. A few bolls were caten by jackals, and a
few branches bearing reproductive members in different stages of develop-
ment were broken while work was heing earvied on in the plots. This
damage was not confined to one short interval, but was seattered through-
out the period December to July, and out of an average of 681, affected
41 buds and 13 bolls. The numbers involved.have been included in
the bud-production and shedding curves.

As the damage was scattered the exclusion or inelusion of these
numbers makes little difference to the curves and does not affect the
general conclusions which can be drawn from them.

During the other two seasons jackals did no damage and only a
very small amount of breakage occurred.

Tur PropLEM.

In carrving out this enquiry the aim we had before us was to arrive
at an idea of the normal course of events in the life of the rotton plant
hetween the time it begins to produce flower-buds and the time when
its crop is ready for harvest. Having cleaved the ground to this extent
we then proposed to institute a set of experiments, based on the results
obtained, designed to discover the canses of shedding, and, il possible,
weans of reducing loss on this account.

From the data collected. information on the following points has
been obtained : (1) bud-produetion, (2) flowering and the time interval
between the appearance of the bud and the opening of the flower, (3)
bolling, ineluding the time interval between the opening of the flower
and the bursting of the bolls, and also information as to which buds
are the most ellective in producing holls, and ({) shedding of buds and
halls, with periods of greatest liability to, and canses of, shedding.

These items will be discussed in tum, hut before proceeding to do
s, reference may be made to Fig. 2. There are shown in graphical
form the rates of hud-production, bud-shedding, flowering, boll-shedding
and Dolling raleulated to averages per plant per week.

P Harland, 8. €4 West Tndion Bellsting Volo XV, 1917,

2 Lloyd, F. E.  Eavircunwental changesand their effect upon Boll-shedding in cotton:
Ml University Publications, Sevies 11 (Botany) No. 6, 1921,

* Balls, W. L. The Development and Properties of Raw Cotfon, 1914,
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1t will he noted that these curves are all more or less of the same
form and are similar to those obtained by workers in other parts of the
world, Each curve can be divided more or less definitely into two
parts corresponding to the flushes. and each part shows a more' or less
vradual rise and fall.  These points of general resemblance aﬁord'the
scientilic pxplanation of the every-day fact that two sets of pickings
are obtained from the one plant crop.

BUn-PRODUCTION,

Before disenssing results, attention has to be drawn to the fact that
all caleulations which depend upon records of the date on which the
Rower-bnd was first noticed ave subjert to a definite error,

During the first two vears we recorded the produetion of a bud when
the form of the hud conld he definitely made out or when its place was
taken by a scar.  In the third vear we tried Mason’s ' plan of record-
ing a Dud when the surface of the attendant foliage leaf could be seen.
Both methods hiave disadvantages. In both cases the effect of the
error is to cauxe buds to be recorded as appearing at a later date than
should have heen the casc.

Making allowance for this, however, it will be seen from the curves
shown in Fig. 2 that the flower-buds hegin to appear abont six weeks
alter sowing and that by about the 18th March the first flush is finished.
There is then a short interval when onlv a few huds ave produeed.  This
is followed hy another perod of vigorous hud-production which after
reaching a elimax gradually diex down and closes ahout the end of June.

These curves, as might be expected. also show that there has been
some fluctuation in the total nuniber of huds produced per flush., This
point is more clearly brought ont in the table shown in Appendix 1T,
where in order to make possible a more complete comparison between
the result of 1920-21 and those of the following vears the data recorded
have been arranged asaverages per plant per flush for the different items
investigated.  There it will he observed that the flushes of 1921-22
were the heaviest and that in that vear both flushes were equally heavy,
wheveas in 1920-21 the first flush was lichter than the second.

The diflerence from vear to vear is partially explicable by the fact
that the cxop occupied a different field cach vear and partly by differences
1N 3eason.

In 1921-22 heavy rain amounting to 5-92 inches fell on the 5th” Feb-
ruary, 1922, At this time the plants were show ing signs of having come
o a standstill i growth and bud-production. Immediately after the

n, T. Growth a;\d abseission in Rea Tand cot me we 5 ) )
Vel XNSVT, Koo CXTIV Dot ey € and cotton 1 dnnals of Bomng/,
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rain, growth began again and the plants very speedily put on a fresh
reen appearance. There is no doubt that had this rain not fallen the
downward trend of the curve which had already begua would have
continued and the peak shown against the 18th February would not
have occurred.  Thisx flush would then have heen Tighter.,

Soit and seasonal differences do not, however, oxplain the size of
the first flush in 1922-25 which was (he smallest of all. In this vear
the rainfall was higher and better distributed and the field chosen was
as good as that en which the erop was wrown in 1520210 Nor can the
attack of Black-arm be held responsible as it did not show itsell until
well after the bud-production curve had assumed o downward tendency,
The most probable explanation lics in the severity of the attack of the
spotted boll-worm (Karias, spp.). ’

For the sake of completeness it may here be explained (1) that the
caterpillar of thix moth begins its attack on the eotton plant by boring
through the vegetative buds info the stems and hranches of the voung
secdlings. its favourite point of attack heing near the apical hud 1 (2)
that it continues this attack until the Hower-buds become numerous
when it deserts the scallolding Tor the buds. which t turn are deserted
as bolls hecome plentiful ; and (3) that the Cambodia cotton plant
is distinetly svmpodial in habit ¢ the fivst owering braneh most coramonly
arises at the 6th or 7th node above, but not including the sced-leaf node
and as a rule onlv three or four monopodial branches are developed.

Now according Lo the stage at which the attack ix Legun the plapt
may be topped at a point which will permit of one or niore sympodial
branches being developed on the main stem or <o Jow down that it will
be able to produce monopodia only from three or four nodes. In the
latter case the monopodia have to develop. grow and produce flower-
ing branches before flower-buds can be produced in any number.

When the attack is severe the zcafiolding mav consist of a short
length of main stem with from three to five monopodial branches. It
is obvious that under these conditions the produection of huds will be
delaved and will not reach such a high maximum. In 1922-23 these
conditions were fulfilled and not a single plant escaped attack. In
1920-21 some plants were not topped and manv escaped with a very
light af tack.

Reference has already been made to the fact that the buds produced
dnring the serond flush were mainly borne on svmpodia developed
from buds on monopodia. In the table prepared below is given an
analysis of the buds, flowers and holls produced in each flush, in averages
per plant, showing what portion of the crop was borne on sympodia
carried by (a) the main stem and (b) the monopodial branches,
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FLOWERING.

The flowering curve reproduces the bud-produetion curve with a
deduction for buds shed and with a definite lag representing the time
interval required for the bud to develop into the open flower.  Exami-
nation ol the chart givenin Fig. 2 shows that this time interval is
roughly about one month. This is as close & correspondence hetween
these two curves as can he expected, considering that so few plants
could be examined, that as will be shown later a hud is liable to shed
so long as it remains & bud, that the interval hetween the appearance
of the bud and the opening of the flower not only fluctuates widelv
from bud to bud but also variesas the season advances, and that the
time unit chosen in preparing the chart is one week.

More definite information on this point can he gathered by calenlat-
ing the interval between the appearance of the bud and the opening ol
the flower for cach bud and tabulating the result. This has been done
for the years 1921-22 and 1922-23. The tables so prepared are shown
in Appendix 111, For the sake of economy the tables for strain No. 632
alone are given. The results for strain No. 769 for 1921-22 differ only
in slight details. In these tables the date given at the heud of each
column is the end date of the three-day period during which the huds
were produced. The numbers entered in the eolumn are the numbers
of these buds which flowered after the interval indicated on the left
of the table.

From these tables it will be seen that there i a tendeney. very pro-
nonnced in 1922-23, for this interval o shorten as the season progresses
from the beginning of the first flush to the beginning of the second.
From this point until {owards the end of the second flush the length
of this interval remains fairly stationary and then shows a tendeney to
increase. This is more elearly shown in Fig. 3 where the fluctuations
in the average interval entered at the foot of each column in the
table are depicted graphically.

It will also he scen from these tables that hetween the middle of
February and the middle of Mareh a number of huds oceur which take
a very long time to develop into open flowers. These are dormant huds
which grow large enough to he definitely noted as huds and then cease
to grow for a considerable time. In calenlating the average interval
all buds which took 50 days or longer to develop inte an open flower
were omitted. This is a purely arbitrary decision based on the few-
ness in number of such buds. Even so, owing tothe small number of
buds produced during this period the graphs of 1921-22 fluctuate con-
siderably in that section.
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There are two other marked fluctuations of these graphs which can-
not be explained in this way and which appear to be significant. These
aeenr aganst the periods 26th December—4th January and 19th Jan-
wary  S1d February,  Considering that the egamination of these two
‘,{rnil})\ of votlons was carried out by two groups of recorderSA working
independently and that the (:orrvspoﬂdxllg graph for 1922-23 is so free
of marked Huctuations xome explanation of the occurrence of these
two definite rises scems to be called for. Examination of the rainfall
pecored (g £y Tor 1920-22 shows that 1-28 inches of rain fell on the
toth and 1th of Janwary, 1922 and 592 inches on the 5th of February.
It is snggested that the development of the buds produced in these
twa periods was in each case retarded by the rain which fell shortly
after thev appeared.  Further investigation is necessary before a definite
statement can be made. The point is of importance in regard to erap
foreeasts.  In thix particular instance the retardation amounted to
ondy two awd four days respeetively. Tt is possible that a more pro-
]mf;:ml petiod of wet weather with an accompanying fall in temperature
would have a more pronounced effeet and would definitely delay the
arrival of the erop on the market.

Further indication that the flowering interval tends to shorten as
the scaxon progresses from the beginning to the end of the first flush
ix afforded by determining uie interval between the flowering of suc-
cexsive nodes on the svimpodial branches. The results so obtained for
the two groups of cottons examined in 1921-22 are shown in the follow-
ing table. They show that the fime interval between the flowering
of two adjacent nodex decreases as the distance from the main stem
increases: a directly opposite result to that obtained by Harland !
for Sea Island cotton.

Referring back to the fowering curves in Fig. 2 it will be ob-
served that more flowers open in the second flush than in the first
and that flowering began much later in 1922-23 than in 1921-22. From
the data we have at our command it is not possible to give an explana-
tion of the first point. 1t is possible that the fact that lowering reaches
its maximum more quickly and that the time taken for a bud to develop
into a flower is shorter. in the second flush than in the first, has some
heating on the question. Further investigation is necessary, In regard
to the seeend point it has already been shown that bud production was
slow and seanty in 1922-23 1f to this is added the fact that the earlier
Howers were attacked by the spotted boll-worm and shed, a sufficient
explanation i afforded.

! Harland, 8. C.  Loc. cit, 7
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12 BUD ANL BOLL-SHEDDING IN COTTON

BoLLxe.

"The bolling curve is the resultant of all that has gone before. It
reproduces the flowering curve with a dcduc@u for boll-shedding and
with a lag eorresponding to the time taken for the boll to mature from
the open fower. According to the curves shown in Fig. 2 this lag
apprars 1o be cqual to about six weeks.  Actually, as will be seen by
reference to Appendices 1V and 1Va, * the interval between the date of
opening of the flower and the date of bursting of the boll shortens from
i days to about 1 days as the scason progresses from December to
April, and then lengthens again.

As shedding is eavy and no more than 5—17 per cent., according
to season and flush. of the buds produced mature into bolls, the bolling
curve tends to become flat and uninteresting.  Its niost salient feature
i5 the higher maxinum reached in the first as compared with the second
halt ol the scason. By eliminating the time interval, however, and
rearranging the resultx so as (o show the number of buds produced per
plant per week, the mumber of flowers produced from those buds and
the munber of bolls matured from these flowers a further interesting
5 is shown the result of this rearrange-
ment. Howill be oseen that so far as the first flush is coneerned the
eatlicr flower-buds are more effective i producing bolls than the
later and that the peviod of - greatest efficiency is from about the 17th
of Decewber {o the 28th of Januarv, It is also abuncantly evident,
as i adready heew pointed out, that in 1921-22 the buds produced
between the Hih and the 20th of February were of little use in pro-
ducing crop.

point is made evident.  In Fi.

SURUDING,

Shedding 15 extensive and both huds and bolls are affeeted.  Bud-
shedding begins: with the appewance of the buds and boll-shedding
very shorty after flowering has hegun, The most interesting features
abiout the curves of shedding are that they tend to synchronize and that
they veach their wasina after the budding and flowering curves. The
Talter i ot so apparent inthe sccond fush as in the first.  The position
s complicated Dy the fact that the insect pest population ismuch higher
e the swer wd appears o cause more shedding.

The fisst feature fudicates that the same ageney is ab work in both
vases t the second probablv indicates that af this stage when the growth
of the plant has begun io slow down the plant is carrying many more

* Here again it is not uecessary to show more than one group. The results during
all three seasons and for the diffierent groups are alike.



BUD AND BOLL-SHEDDING IN COTTON 13

reproductive members than it can possibly mature and a process of
natural pruning sets in. Similar observations in regard to Sealsland
cotton have been made by Mason.f

Liability to shedding.

(1) Buds. As was done in the case of flowering, the interval between
the appearance of the bud and the date on which it shed has heen cal-
culated for vach bud shed and a table prepared. Again for the sake
of economy the results for the Cambodia group in 1921-22 alone are
shown in Appendix V as these are tvpieal of all. In considering this
table it has to be mentioned that there is not only the error in observa-
tion of the appearance of the bud to which reference has already
been made to he taken into account but also that thercisan errorin
obscrvation of the date on which the bud was shed.  Many small buds
do not {all off the plant but wither and remain attached. Such bud:
were recorded as shed when they were definitely noted to be withering
[n nmany cases the bud had withered hefore its presence was recorded
owing to the neighbouring buds having prevented it being scen. The
nunthers against the age 0 days, therefore, include all buds which actual-
ly shed or were tolally or partially withered on the day their appearance
was recorded or as evidenced by a scar were found to have shed pre-
viouslv. These sources of error do not, however, affect the general
conclusions which may be drawn from this table, vz, that the range
of fluctuation of age at shedding is very wide and that a bud is liable
to be shed so long as it remains a bud.  The wide range of fluctuation
is cxplained by the dormant habit of some of the buds to which ref-
crence has already heen made.

The lrequency arrays for age at shedding prepared for each group
and flush for 1921-22 and 1922-23 have been tabulated and are shown
in Appendix VL

The results given there plainly indicate (1) that the hud is very liable
to shed when it is very young, (2) that once it is past this point the lia-
bility is considerably reduced bul gradually increases until hetween
the Uth and the 11th days it is as great as cver and (3) that after the
Hth day the Tiability gradually decreases. These observations differ
from those of Lloyd { and Mason § who found only one period of great
liahility to shedding, the first, when the buds were very young. Under
their conditions once this period was passed the liability to shedding
gradually decreased.

T Mason, T. Q. Loc. cit.
1 Lioyd, F. K. Loc. cit,
§ Mason, T\ G, Loe. cit.
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It will also be noted that more buds are shed in the first flush than
in the sccond.

2y Bolls. In the case of boll-shedding theA chm_u'es nf EITOT
in observation are small.  The date of flowering is definite and
in the majority of cases the date of shedding is ct!uall_v definite. Only
in a fow cases didd the holls dry up and remain attached to the
plant.

As wie done for bud-shedding. tables for each group and flush have
heen prepared. As these are all similar the tables for the (‘@ﬂ)odia
gronp in 1921-22 are alone shown in Appendix VII. From this table
it will be seen that there i a tendency for this mierval to shorten as
the scason advances. Thix is more clearly seen [rom examination of
the graph shown in Fig. 6. which has heen prepared by combining the
results of both groups, Cambodia and Cambodia x Bourbon, for
1g2f-22,

This result bears a striking resemblance to those obtained for the
interval between (1) the appearanee of the bud and the opening of the
fiower and (2) the opening of the flower and the bursting of the boll,
There ix a conmnon tendeney for the mterval to shorten from December
to whout the end of March, to remain fairly steady during April and
Mav and then to lengthen, Reference to Appendix VI shows that
there is & wradual ise in temperature from December to abont the end
of March. it then remains fairly steady through April and May after
whieh if begins to fall. This indicates a very definite correlation between
temperature and length of interval but in the absence of information
ax to ather possible factors it cannot be taken as absolutely proved
that temperature ix the controlling factor,

The ontv other festure of holl-shedding which calls for comment is
the higher rate which occurs in the second flush as compared with the
first.  This appears 1o be due to the heavier attack of insect pests which
by that time are present i considerable numbers.

Cuuses of shedding.

Our investigations into the causes of shedding were, as has already
been stated. limited to endeavonving to determine to what extent insects
were respontsible. that is to say. in endeavouring o ascertain, for the
conditions prevailing at this station. what proportion of the numbers
shed might be expected to show evidence of insect attack and when this
attack was likely to take place,

No atterpt ecould be made to decide whether the insect attack was
the aetual cause of the shedding or whether, us might well be the case,
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the process of shedding had actually begun_before the attack took
place.

As in 1921-22 separate records were not maintained for buds and
bolls; the results obtained (Fig. 7) have been shown as percentages
of shed numbers recovered. Not all were recovered, there were always
two or three each day which could not be found.

In 1922-23, separate records were kept for buds and bolls. The
curves shown in Fig. 8 give the actual fignres for total numbers shed,
unattacked, attacked by pink boll-worm, spotted boll-worm, and
B. malvacearum.

It will be noted that in both years by far the greatest proportion
of the numbers shed were apparently unaffected by any disease or pest
and that of those attacked by insccts the damage was done by the spotted
boll-worm in the majority of cases. It will also be ohserved that the
spotted boll-worm produced its greatest effect in the early part of the
season when bud-production is low. .

Thus if attention is confined to figures alone it would appear that
insect attack as a possible cause of shedding is of minor importance
as compared with those factors which have been labelled unknown.
It has, however, yet to be determined whether shedding due to the
latter is in any way avoidable either in whole or in part. Moreover, the
importance of the spotted boll-worm should not be assessed by com-
parative figares. Its chief importance lies in the fact that it definitely
delays the commencement of harvest by its attack on the scaffolding
of the plant and appears to caunse delay by attacking the early flower-
buds.

Late eropping on account of the shedding of the carly flower-buds
may be as unavoidable as shedding due to unknown causes as it is possible
that these buds would still be shed even if the spotted boll-worm were
absent. Our only attempt to test this point by growing plants in a wire-
gauze eage ended in failure. The plants grew abnormally and very
soon caue into contact with the gauze throngh the mesh of which insects
were able to deposit their eggs in the plants.

The importance of any factor likely to eause the erop to be late lies
in the fact that in this tract rainfall is frequently in defect. When
this happens the level of the water in the wells, which are deep, falls
considerably by the month of February and continues to fall. (ireat
difficulty is then experienced in providing the crop with an adequate
supply of water. As this period of shortage of water coincides with
the period of vipening of the bolls, it is obvious that the longer the latter
is delayed the greater will be the depreciation of the quality and quan-
tity of the harvest.

B



16 BUD AND BOLL-SHEDDIXG IN COTTON

Summary.

As a preliminary to a detailed investigation of the problem of bud
and holl-shedding, the development of the cotton plant has been studied
during three seasons, the study being limited to the above ground por-
tions of the plant. Plants of the Cambodia variety (G. hirsutum) and
of Cambodia-like selections from a cross between this variety and Bour-
hon (7. purpuraseens) were used.

A detailed- description of the methods employed in carrying out
this enquiry and of the manner in which the records were compiled has
been given, For the latter purpose two sheets were opened for each
plant,rone, the “ number and date’” sheet, on which were entered in
columns, (1) the date of appearance of the bud, (2) the date of shedd-
ing of the bud, if shed, (3) the number of the bud, (4) the date of open-
ing of the Hower, (5) the date of shedding of the boll, if shed, and (6)
the date of bursting of the boll or if shedding had occurred, whether
the bud or boll was attacked by pest or disease or not; the other, the
“diagram” sheet, carried a diagrammatic representation of the plant
which was built up pari passu with the growth of the plant, and on
which the position of the bud was indicated by the entry of the number
given on the number and date sheet.

It is shown that in broad outlines the development of the ecotton
plant at Coimbatore follows the same course that it appears to do where-
ever cotfon is grown. 1f allowed to do so the plant will produce two
ftushes of buds, flowers and bolls in the year, the development of which
if depicted graphically gives the typical roughly bi-modal curves familiar
to the worker on cotton.

The results are discussed in detail under the heads (@) bud-pro-
duction, (b) flowering, {¢) bolling and (d) shedding.

(n) Bud-production. The date of appearance of the flower-bud is
found to suffer from an unavoidable error in observation. Buds begin
to appear ahout six weeks after sowing ¢.e., late in Novernber or early
in December. The first flush finishes about the middle of March and
the second about the end of June. The buds produced during the first
flush are carried on sympodial branches, horne on the main stem and
on the monapodial branches, while in the second fush very few buds
are produced on the sympadial branches arising from the mam stem.
The number of buds produced per flush is found to vary with the season
and the flush. It is shown that untimely rains in 1921-22 caused a
heavy increase in the number of buds produced in the fizst fiush without
a proportionate increase in crop, and that the attack of thespotted boll-

worm (Earigs, spp.) causes the appearance of the flower-buds to be
delayed.

I
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(b) Flowering. The interval from bud to flower decreases from
about 35 days at the beginning of the first flush to about 25 davs at
the beginning of the seeond flush, it then remains stationary until
towards the end of the second flush when it begins to lengthen again.
Some buds apparently pass throngh a period of arvested development
and take more than 50 days to develop into open flowers. There is
some indieation that rainfall, possibly by causing a drop in tempera-
ture, slows down the rate of development of the flower-bud. Tt is
shown that the time interval between the flowering of adjacent nodes
on the same fruiting branch decreases as the distance from the main
stem inereases.

{¢) Bolling. The interval from flower to boll shortens from ahout
60 days to about 40 days between December and April, it then begins
to lengthen again. Tt is shown that a small percentage only of the
buds produced mature into bolls, from 5 to 17 per cent. according to
fiush and season, and that the buds which appear in the interval hetween
the 17th December and the 28th January are the most efficient in develop-
ing into bolls.

(d) Shedding. Both buds and bolls are affected. Bud shedding
begins with the appearance of the buds and boll-shedding very shortly
after flowering begins. The former is greater than the latter in the
first flush. In the second flush the position is reversed. Tt is found
that the curves showing the rate of shedding of buds and bolls tend
to synchronize with one another. This is held to indicate that the
same underlying cause is at work in both cases. It is also found that
shedding does not begin to be serious until after the growth of the plant
has begun to slow down as indicated by the falling off in the rate of
bud-preduction.

1t is shown that the bud is very liable to shed when very young but
that once it is past this point the liability is considerably reduced. It
gradually increases again however until, between the 9th and 14th days
after the bud appears, it is as great as cver. After this age the bud
becomes less and less liable to shed. Tn the case of bolls it is found
that the interval between the opening of the flower and the shedding
of the boll shortens from 12 to 7 days as the season advances, and then
lengthens again. )

The similarity of this result with the results obtained for the interval
from bud to flower and from flower to burst boll is discussed. It is
shown that as the temperature rises the interval shortens, that during
the period when the temperature remains fairly stationary the interval

tends to remain stationary and that as the temperature falls the interval
lengthens,
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Tt is shown that the majority of the buds and bolls shed are appar-
ently unaffected by any pest or disease, and that. of those attacked by
insects the damage in most cases was done by the spotted boll-worm which
was found to he niost active early in the season and appeared to be
largely responsible for the shedding of the early flower-buds. Tt is
pointed out that the damage done by the spotted boll-worm is important
from the point of view of yield and quality of produce.
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ArPENDIX IV.

1921-22,

No. 632.

L

Stra

Interval from Flowes to Boll.
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Arrexpix IV—contd.

1921-22.

Strain No. 632.

Interval from Flower to Boll.

May
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ArrENDIX IV—concld.

o

19271

Strain No. 632.

Interyql from Flower to Boll.
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BUD AND BOLL-SHEDDING IN COTTON
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ArPENDIX V.

Strain No. 632. 1921-22.

of bud.
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BUD AND BOLI~SHEDDING IN COTTOR
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BUD AND BOLL-SHEDDING IN COTTON 3N
ArpENDIX VI,
Age of bad 1921-1922 1022.23
Strain No. 769 Strain Xo. g3 | Htrain p
“ Torar
When shed —_—
First Second First Fecond First
flush flush Hush flush fuash
Days
40 . 19 1 37 10 1 67
38 . 24 G 30 13 2 81
36 24 5 36 10 3 80
M. 29 7 68 24 9 137
32 . . 40 9 % 38 8 185
30 . . 47 15 103 ' s 238
28 . 4 28 110 77 20 289
26 . 58 43 149 84 24 358
24 . . 83 67 178 102 %3 445
22 . 94 e} 203 139 20 538
20 . . 133 101 249 157 42 682
18 . R 166 125 250 211 41 793
16 . . 185 131 288 226 74 no
4. . 200 181 367 304 86 1138
2. ., 253 186 331 314 91 1195
10 . . . 1% 211 275 300 52 1037
8. 181 1 230 276 71 954
6. 126 203 171 22] 44 765
4. 104 124 123 196 2 559
2., 124 3 99 144 32 514
. L, 280 226 248 310 172 1236
Torar 2418 2064 3661 3236 884
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BUD AND BOLL-SHEDDING IN COTTON
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CAMBODIA
No 632
1922-1923

—————— Bolls shed
oo e Uk nown
~=~—=~ Bocteria

—mm Buds shed
........... SPoHed Boll-worm

cwmeamer Unknown

Bacreria

et T el N
A A 5 zo & w b 25 1 & 13 2220
DEG. JAN. FEB. MAR. AP

Mo, 8 Showing the relative rates of b i
ud and boll-fall, caused by pink bollw ties ? ctari
e by wnlaown ageuo‘iyeé. arny, kpotted bollworm and Lucteria
7






PUBLICATIONS OF THE IMPERIAL DEPARTMENT

OF AGRICULTURE IN INDIA

TO BE HAD FROM

THE MANAGER, GOVERNMENT OF INDIA CENTRAL PUBLICATION BRANCH,
B, HASTINGS STREET, CALCUTTA ;

THE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT OF
INDIA, PUSA, BIHAR;

AND

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS.

A complete list of the publications of the Imperial Department of Agrieulture in India

can be obtained on application from the above-mentioned.

These publications are :—

1. The Agricultural Jowrnal of Indie. A Journal dealing with subjects connected with agricultural

o g go1e

e 0o~

economics, field and garden crops, econamic plants and fruits, soils, manures, methods of cultiva-
tion, irrigation, climatic conditions, insect pests, fungus diseases, co-operative credit, agricultural
cattle, farm implements, and other agricultural matters in India. Mustrations, including coloured
plates, form a prominent feature of the Journal. It is edited by the Agricultural Adviser to the
Government of India, and is issued once every two months ot six times g year. Annual Subscrip-
tion, Rs. 6 or 9s. 6d., including postage. Single copy, R. 1-8 or 2.
Scientific Reports of the Agricultural Research Instifute, Pusa,
Annnal Review of Agricultural Operations in India.
Proceedings of the Board of Agriculture in 1ndia.
Proceedings of Sectional Meetings of the Board of Agriculture,
Memoirs of the Imperial Department of Agriculture in India.
{@) Botanical Series,
{b) Chemical Series.
() Entomological Series,
(d) Bacteriological Series.
(e) Veterinary Series,
Bulleting issued by the Agricultural Research Institute, Pusa.
Indigo Publications,
Books.

The following are the publications of the last two years :—

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial

N

_ Dairy Expert and Secretary, Sugar Burean), for the year 1922.93, Price, R. 1.
cientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial

Dairy Kxpert, the Physiofogical Chemist, and Secretary, Sugar Bureau), for the year 1923-24.
Price, R, 1 or 1s, 8.

Review of Agriultural Operations in India, 192192, Price, R. 1.4,

P

Review of Agricultural Operations in Indis, 1922.2%. ~ Drice, R. 1.10.

roccedings of the Board of Agriculture in Ind

0 a, held at Bangalore on 21st January, 1924, and following
days (with appendioes). Price, R.l.

D



Agricultural Publications—con/d.

Proceedings of the Cattle Conference, held at Bangalore on 22nd and 23rd Jannary, 1924 (with append;,
ces) Price, As. O

Report )uf the Prnrvcdmvi of the Fifth Entomological Meeting, held at Pusa, 5th to 10th l“ebr\mr-‘-
1923, Price, Rs. 9

Proceedings of the jwmd Meeting of Veterinary Officers in India, held at (‘alentta from 26th Febnnm
to 2ud March, 1923 (with appemlx(es) Price, R. 1-12.

MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA.
Botanical Series.

Vol. XII,No. Ii. T -History of the operations against Bud-Rot of Palms in South Indis,
II—Invculation FExperiments with Phytophthora palmivora Butl. on Borassy
fabellifer Linn. and Cocos nucifera Linn., by W. McRAE, M., B.SC. Price,
R. 1.4 or 2a
Vol. XII, No. IIL Studies in Inheritance in Cotton, I History of a cross between @. herbaceum ay
@ Neglectum, by G. L. KorTug, dag. Price, R. 1-4 or }s. 9d.
Vol. XII No, V. Studies in Indian Oil Seeds. No. 2. Linseed, by GasrIELLr L. C. How.any,
A, and ABpur RapyvaN KHaN, Price, R. 1-4 or 26,
Vol. X1, No. V. Stud'es in Gujarat (Cottons, Part II, by Macasisn L. Parer, B.ag. Prie,
R. 112 0r 3s.
Vol. XHIL No. L Studies in Indian Tobaceos,  No. 4.—1arthenocarpy and Parthenogenesis i the
varieties of Nicotiana Tabacum L. var, Cuba and var. Mirodato, by Gasrierig
L. (. Howarp, .4, and Kass1 Ram.  No. 3.—TuEk Inheritance of Characti
in Nicotiana rusticn 1o, by GABRIELLE L. C. HOWRAD, m.a.  Price, Rs. 2.4
2s, 9d.
vol. XTEHL No. I The Wilt Disease of Safllower, by 8. D. Josur, B.se.  Price, R. 1 or 1s. 6d.
. XILL No. L Studiex in Indian Fibre Plants. Nu. 3. On the Inberitance of Characters iy
Hibiseus Sabdariffn L.. by ALsert Howarp, ¢.LE, and GABRIELLE L. (,
Howanrn, s Price, Re. 2 or 35
Yol XHI, No. 1V, The Mahali Dicease of Coconuts in Malabar, by S. SUNDARARAMAN
TN RAMAKRISHNAN, 8., Price, Az 12 or 1,
raddication of Cyperus rotundus L. : A Study in Pure and Applied Botan,
B. Ravane, B.sc, and arranged and written by W. Bireys, pose. (4

A, ani

Vol X1 No Y.

)
Yol XTI Noo VI Stadies in Diseases of the Jute Plant. (2) Vacrophoma Corchori Saw., by F. LT
SUAW, DSC, ARG, KL Price, As. 8 or 9d.

Chemical Series.

Vol VIONo VIL Chemical Studies on Saflower Seed and its Germination, by V.A. Tasuase,
ALsel WAy, Prices As Joor 1s,
Vol VENo VL Note on the Permauent Manurial Plots, Ceimbatore, by Roraxp V. Nuogis
e, Pricey R T4 or Le, 94,
Vol VIL N I A Note on Hydroeyanie Acid in the Burma Bean (Phaseolus lunatus, sp). by
15,00 Waktn, ke, Price, As. 1201 1s
Vol VI N . Studies of an Acid Roil ssam, T1, by A A Meccrtr, Bose. Price, As, 120rls
Vol VI Nao L A Preliminary Note on the Decomposition of Caleinm Cyanamide in South Ludin
i X0 V. NORRiS. D FLC, B Vrswanarnand GV, Ranaswan
Price. As. 12 011

Vol VEL Noo IV Same Dig =<tibility Trials om Dudian Feeding Stuffs, by P K. LANDER, WAl 1.

3 . . . kCo and PaxpiT Lav Craxp Dasruast, Loay. Price, As. 12 ot 1s.

Vel VI N Vo The Buffer Action of Some Burma Soils, by J. CHARLTON, »se,  Price, As. 12
or |,

Vol VIL No. VI, Studies in the
ripeness of S

. : B.a. Price, As. 8 or 9.

Vol VIL No VH. The Phosphatic Nodules of Trichinopoly and the availability of Flour Phusphate

s a Manure for Paddy, by Rao Satis M. R. RAMASWAMI SIVAN, B.a. DI
Agr. {{n the press.)

‘hemistry of Sugarcane, 1L Some Factors that determine the
reane, by B. Viswavari, rL¢, and 8 Kasarxarus Avvan




vol.
Vol.

Vol.
Vol

vol, VUL, No.

vol. VIII, Nos.

Vol

-

Vol

Vol

ol.

V11, No.
VI, No. XIL

Vii, No. X11L
VI, No. LIT  Hydrophilide of India, by A. H'Or
& I11.

VIII, Nos.

V1L, No.

11, No.

111, No.

XL

V.

Entomological Series,

Studies in Indian Dermaptera, by Morcay Hrsarn.  Price, R. 1-4 or 15, 94,

Further Notes on Pempheres affinis, Fst. (The Cotton Stem Weevil), by
E. Barrakp, B4, RES& Price, Ro 1 or L« 4d,

An Account of Experiments on the Control Of Siya (Sehaenolius) incertellus in the
Gaodavari Delta, by B, BuLmn R, ToRE Price, As. 14 or s, 4d.
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