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PREFACE 

The investigations on the Spotted Boll-worms described in this :lIonograph were 
carried out at Surat from September 1923 till March 1931, by a group of workers 
appointed by the Bombay Department of Agriculture. Mr. Hamrao S. Kasargode 
was in charge of them during the first five years, after which he had to retire pre
maturely on account of ill health and consequently they were conducted by me 
during the remaining four years. My thanks are due to my colleagues, Messrs. S. G. 
Kadkol, N. T. Nadkarny, B. J. Thakar, M. S. Patel and B. K. Desai for their sincere 
co-operation. I am greatly indebted to Dr. W. Burns for the guidance and encour
agement which I received from him during the period of the last four years of this 
work. Throughout the period from 1923 to 1931, these investigations were financed 
by the Indian Central Cotton Committee. 

As a result of these investigations, it was found that the" clean-up" measures, 
described on p. 91, offered the most promising means of controlling the Spotted 
Boll-worms. A scheme was, therefore, started in the Broach District in April, 
1931. in order to determine the efficiency of these measures and this 
is still in progress. This scheme also is financed by the Indian Central Cotton 
Committee. 

BROACH, 

31st July 1933. 

B. P. DES HPANDE. 
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AND EARlAS INSULANA BOISD.) IN SOUTH GUJARAT 

BY 
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AND 
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(Recoived for publication on 31st March 1933) 

INTRODUCTION 

Earias is a widely-distributed genus, occurring all over the world, except in 
North and South America [Wardle 1929] Its occurrence as a pest on cotton has 
particularly been reported from India, Egypt, West Africa, South Africa, Uganda, 
Portuguese East Africa, South Rhodesia and Fiji. 

Boll-worms were known to affect the cotton crop in India prior to 1903, but they 
came into prominence in 1905 and 1906 [Fletcher and Misra 1921]. 

During the year 1905, the cotton crop in the Punjab was threatened with a failure 
due to the attack of some caterpillars and green fly (aphis), [Renouf 1907]. The 
Director of Agriculture of that Province communicated the facts to the Entomologist 
to the Government of India, whose observations showed that the failure was 
largely due to the ravages of the Spotted Boll-worms (especially Earias insulalllJ 
Boisd.). He attributed the unusual abundance of this pest during that season to 
the rigorous cold of the previous winter, which he thought had destroyed the natural 
controls, viz., the parasites of these worms [Lefroy 1906]. The anxiety about the 
possible recurrence of this pest in the sULceeding season was keenly felt and hence 
the measures mentioned below, as recommended by him, were advocated. 

(1) Cutting and burning of all cotton and bltendi (Hibiscus escuknt'Us) 
stalks during the winter. 

(2) The use of bhendi as a trap crop. 

(3) The re-introduction of the parasite, Rlwgas lejro'Yi. 

The cotton crop in the Punjab during 1906 turned out to be a normal one and 
therefore Lefroy [1907] inferred that his faith in the re-introduction of the parasites 
was amply justified. 

" From 1906 until 1911, the varieties of cotton grown at Pusa were mostly utilised 
for the despatch of the parasites to the Punjab, whenever required. It was in the 
year 1912 that regular BOWingS of cotton were made and details of observations 
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started regarding the boll-worms,E. fabia and E. insulana as well as PlatyedNl 
gossypielUJ." As a result of these investigations, Fletcher and Misra (1921) presented 
a few of their conclusions in their bulletin on cotton boll-worms. Besides the re
introduction of parasites, the control measure which appealed to them most, was 
the removal and burning of the cotton plants, which are attacked in their shoots by 
the boll-worms, before the final thinning of the seedlings is done. A larger seed 
rate was recommended to enable this to be done effectively, and without detri
ment to the interest of the cultivators. 

During 1913, Madan Mohan Lal prepared a preliminary report on cotton boll
worms in the Punjab and ascertained that the early summer rains and the parasite 
Rhogas lefroyi effectively ~hecked the prevalence of the worms. If, however, 
these natural agencies were unfavourable, he suggested the destruction of the (,Mly 
brood of boll-worms in the cotton buds and flowers; and the introduction of the 
parasite Rlwgas lefroyi, by parasite boxes. 

In the Entomological Meeting at Pusa during 1921, Javeri reported satisfactory 
results with the use of bhendi (HibisC'UIJ esculentus) as a trap crop for controlling the 
boll-worms. 

At the next Entomological Meeting at Pusa, Husain and Mathur [1923] present
ed very useful information about the parasites of the Spotted Boll-worms. 

Later on Patel [1924] attributed an enormous loss of early flower-buds and bolla 
to these worms at Surat, and argued that a tall open habit of the bracts increased 
the resistance to boll-worms, probably because the parasite (Microbracon kfroyi 
D. and G.) could more easily attack the worms in the flower-buds and bolla of such 
strains. 

This is a short history of the efforts made at intervals by different worken in 
India for studying this pest and for finding out remedial measures. Ultimately 
the position with regard to this pest was reviewed by the Indian Central Cotton 
Committee, Bombay [Burl, 1922] and investigations on the Spotted Boll-worms 
were started at Surat in September 1923, for ascertaining the loss caused by this 
pest to the cotton crop in this tract, and for studying control measures. These 
investigations, which were conducted at Surat from 1923 till 1931, form the subject 
matter of this publication. 

The work was divided into three parts viz., (1) detailed study of life-history and 
habits of the Spotted Boll-worms, (2) estimation of the damage caused by this pest 
to the cotton crop, together with the study of the possibilities of improvement in the 
crop if the pest can be eliminated, and (3) study of control measures. 

During the progress of these investigations it was possible to make a few observa
tions on two more pests of cotton, viz., the cotton shoot-roller (Phycita infweIla 
Meyr.) and the Pink Boll-worm (Platyeara gossypiella Saund.). These observations 
are included in the Appendices. 
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Before proceeding further, it is essential to mention that although the Spotted 
Boll-worms appear on the cotton crop every year in Gujarat, there does not exist 
any serious complaint against this pest from the cultivators as it is difficult for them 
to appreciate the damage caused by these insects, due to the peculiar method of 
feeding of the caterpillars. In the first place, cultivators do not mind the destruction 
of the cotton shoots, because even otherwise they cOIlBider the pruning of the shoots 
essential for the development of the side branches. Secondly, the larvae feeding 
in the flower-buds do not attract the attention of an untrained eye, and the shedding 
of forms caused by these worms passes off as natural shedding which must occur; 
because they find that out of the large number of flower-buds produced by the cotton 
plants, only a very few develop into mature bolls, and the remainder drop away as 
flower-buds or young bolls. In the normal course, therefore, all this imperceptible 
damage does not alarm the cultivators, and it is often very difficult to convince 
them of the loss caused by this pest to their cotton crop. It will not be out of place 
to quote a few remarks made by Lefroy [1906] in this connection while writing 
about the Bombay locusts. 

" The immense swarms and the extraordinary movements of the Bombay locusts 
give it an enormously exaggerated importance; it fills the imagination and appeals 
to the human mind. The damage done by the locusts is probably far less than that 
done yearly by two pests of cotton (Eariasfabia and Earias insulana) or by the moth 
borer in cane and sorghum (Ohilo simplex). In point of numbers the locusts are far 
below the probable numbers of these pests in anyone year; in point of destruction 
and actual loss of crop, the ordinary pests are far ahead of the Bombay locust in its 
worst years." 

SUMMARY 

Attention was prominently drawn to the Spotted Boll-worms, for the first time, 
during the year 1905, due to the failure of the cotton crop in the Punjab. Since 
then, introduction of parasites, destruction of the damaged plants in the early part 
of the season and the use of bhendi (Hibiscus esculentus) as a trap crop, were some 
of the measures which were advocated for the control of this pest. The position 
with regard to these worms was reviewed by the Indian Central Cotton Committee 
during 1922, and at their iIlBtance, further investigations on the Spotted boll-worms 
were started at Surat in 1923. This work continued till 1931 and the present publica
tion embodies the results of these investigatioIlB. 

The Spotted Boll-worms are active throughout the year, and the period of their 
life varies between 22 and 35 days. Oviposition takes place only during the night 
and the moths were observed to lay, on an average, 432 eggs. The larvae invariably 
go to the soil for pupation in this locality. Both Earias fabia and Earias insulana 
are present but it is the former-which predominates on cotton, almost throughout 

the year. 
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A vigorous growth of the cotton crop commences soon after t"1o c10118 of the 
monsoon, and the Spotted Boll-worms appear in the cotton fields 88 aoon &8 t.hll 
plant.s are about 9 inches in height. In the b('ginning, v('getative shoots are d(,lltroy('d 
in large numbers, usually during the months of Septembe'r and Octobl'r. Thll 
larvae turn their attention to the flower-buds as soon as these begin to develo!), and 
the damaged buds drop from the plants. Observations during three years from 1925 
to 1928, showed that 34 to 51 per cent of the buds were damaged by these insects 
out of the total number of buds which dropped from the plants. A part of the larval 
population diverts its attention to the bolls as soon as they begin to appear. Young 
bolls drop if they are attacked by these worms, but the older ones continue to stick 
to the plants, and yield a reduced quantity of damaged kapaa. During the three 
years mentioned above, 20 to 69 per cent of the shed bolls were found damaged by 
these caterpillars. 

It was noticed that the rapid multiplication of the pest during the early part of 
the cotton-growing season was considerably checked, if heavy showers of rain were 
received during that period. The larval population of Eana. on cotton was com
paratively very high during November and December, and normally it declined 
rapidly at the end of December or the beginning of January. This decline was 
partly due to the cold weather and partly due to the activities of parasites. 

A method, which has been described 88 the night-caging method was devised for 
growing normal cotton plants free from boll-worms for experimental purposes. 
Trials of growing more than 100 plants by this method, during each of the three 
seasons, from 1928-29 to 1930-31, showed that the protected plante yielded 81, 54 and 
7 per cent more kapaa than the respective control plants. During the last season the 
increase was markedly low, because the caged plants suffered heavily from a storm 
which occurred at the end of October, when these plants had a very much large 
number of forms on them than the control plants. On the caged plants the bolls 
opened about 4: to 6 weeks earlier than on the control plante, because the earliest 
growing forms on these plants were saved from the Spotted Boll-worms. 

Measures which were studied for ascertaining the possibilities of controlling this 
pest consisted of the removal of the attacked shoots; bTum.di (Hibiscus esculentus) 
as a trap crop; attractants and deterrents for the moths; parasites; soil-mulch; 
insecticides; and the prevention of the carry-over of this pest from one season to 
another. 

The removal of attacked shoots was not found to be very useful because only a 
small fraction of the total population of the Earias larvae could be destroyed by colloo
ting the shoots which showed the damage prominently. 

The use of bTum.di as a trap crop also appeared to be of questionable utility, 
because it was found that these insects multiplied more rapidly on bhendi than on 
cotton. and that the disadvantages of encouraging the cultivation of this crop iu 
the midst of cotton seemed to outweigh the advantages . 

... 



SPOTTED ilotJAvoiurls 011' c<Y1TOk iN sourtt GUiAru:r 

Cynogas dust and flowers of sulphur were tried as. deterrents for tho moths, but 
both of them were found to be injurious to the cotton plants. 

Several substances were tried for attracting the Earias moths. Cotton-seed 
cake and sl'samum cake, exposed in the cotton fields after mixing with large quantities 
of water, IIhowed a certain amount of attraction both for the Spotted and Pink 
Boll-worm moths. The attraction, however, was not sufficiently strong for usin .. 
these baits as control measures. 0 

All the known important parasites of Earias were found to be present at Surat, 
and there was, therefore, no possibility of importing any of them "from outside. A 
detailed study of the life and habits of the most important parasite, "t·::;. Microlmwm 
kfroyi D. and G., showed that it was not practicable to incre38e its utility by artificial 
means. 

Preliminary trials indicated that the presence of fine soil-mulch in the cotton 
fields prevented the larvae from going deep into the soil fer pupation, and thus ex
posed them to the heat of the sun and to their predators. It was also observed 
that if any of the pupae happened to be buried below a layer of an inch or two of 
pulverised soil, most of the moths emerging from them could not make their way 
out of the soil. Further critical observations, however, showed that it was impracti
cable to maintain the required type of soil mulch in the fields, on a large scale, for its 
successful use as a control measure. 

It was ascertained that spraying or dusting the cotton plants with lead arsenate 
or Paris Green was not useful in controlling this pest. Later on, it was found that 
calcium arsenate and sodium silico-fluoride were very effective in reducing the popula
tion of Eanas larvae in the cotton fields, because the larvae were killed in large 
numbers on the dusted plants (especially the tiny ones, which wandered about 
before commencing to feed after emerging from the eggs). Serious aphis infestation, 
however, developed on the cotton plants dusted with these insecticides, a few weeks 
after the use of these poisons, and it proved to be a great obstacle in the way of 
using these substances for combating the boll-worm~. it appeared that the winged 
aphis were attracted. to the plants dusted with these white poisons, and they 
could multiply there very rapidly because it seemed that the insecticides afforded 
them immunity from their enemies. Blackening these insecticides, before using. 
did not serve entirely to get over this trouble. It is considered that insecticides 
like calcium arsenate and sodium silico-fluoride could be successfully used against 
these insects if a cheap and efficient method could be discovered for preventing the 
subsequent trouble, t>iz., aphis infestation. 

The cotton crop in this locality is harvested in the month of March or April, and 
the next crop is normally sown after the third week of June, according to the condition 
of the monsoon. The Spotted Boll-worms are active throughout the year and they 
get their supply of food, between the two cotton-growing seasons, from the fresh 
shoots sprouting from the standing plants of cotton and their stumps; from the 
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bhendi plants growing during that period; and from the Btray malvaceoua weeds, 
if any of them happen to be in green condition at that time. These obae"ations 
show that it will be possible to prevent the carry-over of this pest from one BeaSon 
to another, by cutting off its supply of food during the period between the two cotton
growing seasons. This can be achieved if all the cotton plants are uprooted im
mediately after the harvest of kapaa; if the cultivation of bhendi is prevented during 
this period; and if stray malvaceoUB weeds found in green condition during summer 
are destroyed. 

A small implement [Plate XVII, fig. 2 and Plate XX] has been devised by us 
for uprooting the cotton plants, and trials are now in progress for judging the 
efficiency of the above mentioned clean-up measures in a selected area of about 
480 square miles in Gujarat. 

LIFE-HISTORY AND HABITS OF THE SPOTTED BOLL-WORMS 

The Spotted Boll-worms which damage the cotton crop in Gujarat consist of two 
species, viz., Eariaa fabia Stoll., and Earias insulana Boisd. Both these are meant 
when the term Spotted Boll-worms is used in this publication, except where one or 
the other is specifically mentioned. 

LIFE OJ' THE MOTHS 

The Spotted Boll-worm moths emerge from their cocoons after sunset till mid
night. Only very rare instances of their emergence after mid-night have been noted. 
whereas they do not emerge during the day time. 

TABLE I 

Time of emergence of the SpoUPAl Boll-worm moths 

NUJUID ow IIOTHS DIIBOIID 

Time 1 __ 
2nd_ 

Between 61'.11. and 8 1'.11. · . 16 • 
Between 8 1'.11. and"lO 1'.11. • · · · 27 157 

Between 10 1'.11. and mid.night · · · · 5 48 

Between mid-night and 6 A.II. · . · . · · Nil 1 

TOTAL lDtBBGJIlIIC. · I 48 214 

" 
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Copulation of the moths takes pJace in the early hours of the morning. A few 
of the moths copulate on the night of their emergence, only a few hours after they 
come out of their cocoons. In most of the cases, however, mating takes place on 
the 2nd or the 3rd night, 

--

Number of pe.irs of moths 
whioh me.ted. 

TABLE II 

Day of mating after emergence 

(Total cases observed =80 pairs) 

On the 
night On 2nd On3rd On 4th 

of emer· night night night 
genoe 

10 38 18 7 

On 5th On 6th 
night night 

4 a 

The mating generally extends from 1 to 3 hours. The moths usually separate 
soon after day-break, but during November and December, a few pairs can often be 
found resting on the leaves of the cotton plants till 10 A.M. 

A good proportion of the moths begins to Jay eggs on the fir&t night after their 
mating, but most of the remaining moths commence oviposition before the 
fourth night. In a few cases, however. it was noticed that oviposition was delayed 
for about a week. 

TABLE III 

Number of moths which commenced oviposition on consecutive nights, after mating 

Total 
1st . 2nd 3rd 4th 5th 6th 7th 8th moths 

- night night night night night night night night obser-
ved 

--- --------- -- ---
Number of 34 20 10 2 3 1 .. 1 71 

moths whioh 
oommenoed 
oviposition. 

For various observations the moths were kept in the laboratory in cylindrical 
glass jars 5 inchee in height and 3t inches in diameter, and the jars were covered 
with pieces of thin cloth. Moths were fed on sugar solution or diluted honey, which 
was applied with brushes to ~e cloth covers. 
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In captivity, the average life of a moth was found to vary from about 8 to 22 
days. A few moths were, however, observed to live for over 30 days, but out of the 
large number observed, there was only one which lived for 34 days. (App. I, Table 
I). 

TIME OJ' OVIPOSITION 

Casual observations, while handling the rearing cages of moths, gave an impres
sion that the moths laid their eggs during the night-time only. It was surmised 
that the absence of light may be one of the requirements for oviposition, and 
therefore a few pairs of moths were kept in perfectly dark chambers during the day 
time. This, however, did not induce them to lay eggs by day. Definite observ
ations were therefore undertaken to ascertain the exact time of their oviposition. 

Moths which had emerged in the laboratory were selected and eleven pairs of 
female and male moths were arranged. One pair of moths was allotted for each 
hour of the night, commencing from 8 P.M. The eggs laid by each pair, before and 
after the allotted hour, were recorded. Thus the first pair was used to note the 
number of eggs laid by a female moth from 6 P.M. to 8 P.M. and during the rest of 
the night after 8 P.M. The second pair showed the number of eggs laid before 9 P.II. 

and after 9 P.M. The other pairs were similarly allotted for each of the remaining 
hours of the night. 

TABLE IV 

Number of eggs laid by each, female during tke period of 5 day, of oo,eT1NJlimt 

Pair Total No. of Eggs laid before the allotted hour Eggs laid .fter the allotted hour 
No. eggs laid 

1 390 230 before 81'.11. 160 .fter 8 •. 11. 

2 253 1M .. 91'.11. · · · 99 .. 91'.11. 

3 351 274 .. 101'.11. · 77 .. 101'.11. 

4 383 359 .. 11 1'.11. · 24 .. 11 1'.11. 

5 397 374 .. mid.night · 23 .. mid.night. 

8 406 384 .. I A.II. · · 22 .. I A.II. 

T 392 368 .. 2 A.II. · · 24 .. 2A.1I. 

8 320 306 .. 3 A.II. · · · 14 .. 3 A.II. 

9 268 250 .. 4A.II. · 18 .. 4A.1I. 

10 398 388 .. 5 A.II. · · · 10 .. 5 A.II. 

11 434 434 .. 8A.II. · · · Nil .. 8 A.II. , 
(FQr details of daily oviposition Wle .App. I, Table U). 
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These trials showed very clearly the proportion of eggs laid before and after the 
various hours of the night; that the oviposition was restricted to night-time only; 
and that 94 per cent of the eggs were laid between 6 P.M. and mid-night and the re
maining 6 per cent were spread over the other six hours of the night. 

These observations were later useful for devising a method of growing experi
mental cotton plants free from the Spotted Boll-worms. The details of this method 
are discussed separately (Page 33). 

EGG-LAYING CAPACITY 

In calculating the rate of increase of the Spotted Boll-worms, Lefroy (1906, 2] 
had assumed 60 as the normal number of eggs laid by a single moth. At Surat, 
however, it was found that the capacity of oviposition of these moths was consider
ably higher. Trials during the months of August and September of 1924, showed 
that a moth could lay as many as 432 eggs on an average (App. I, Table ill). 
It was also noticed that the largest number of eggs is laid during the first few 
days of oviposition. The above trials showed that 84 per cent of the eggs were laid 
during the first seven days of the period of egg-laying. The highest number of eggs 
laid by one moth in a single night was found to be 162, and the maximum number 
of eggs oviposited by a moth during all its life was 697. 

Egg-laying capacity is not constant throughout the year. It declines consider
ably during the cold months of December and January as can be seen from the 
following results :-

(1) An average of 341 eggs per moth was recorded from 14 pairs which were 
under observation in November 1930. 

(2) This average went down to 298 eggs per moth in December 1930 when 
another lot of 14 pairs was under observation. 

(3) An average of only 185 eggs per moth was recorded in January 1931 
when 8 pairs were kept under observation. (App. I, Table 1). 

It was further noted that the food on which the Eanas larvae are reared has a 
great influence on the capacity of the moths for oviposition. During September 
1929, one set of larvae was fed exclusively on tender shoots of cotton plants; and 
bhendi pods (Hibiscus esculentus) alone were offered to the second set of larvae. 
The moths emerging from both the sets were kept separately and the eggs laid by 
them were recorded. In the first case (where the larvae were fed on cotton shoots), 
the moths laid, on an average, 88 eggs, whereas, in the second case (where the larvae 
were fed on bhendi) the moths could lay 399 eggs each. This trial was repeated 
during February 1930, when 3 sets of larvae were reared exclusively on flower-buds 
of . cotton, bolls and bhendi pods respectively; and the moths which developed 
from them were kept separately for oviposition. 
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TABLE V 

Eggs laid by moths in the above three casu 

No. of motu AV8I'8I8 No. of 
obll8rVed ... laid 

1. Moths rea.red from larvae fed on flower-buds 

2. Moths rea.red from larvae fed on bolls 

3. Moths rea.red from larvae fed on bllend, pods 

WHERE THE EGGS ABE LAID 

9 

U 

12 

198 

342 

461 

The eggs are Jaid singly and cannot be said to be properly fixed to the plante. 
They are entangled in the hairy parts of the bushes. The moths prefer hairy objects 
to non-hairy ones for depositing their eggs. When hairy and non-hairy IteIlll of 
plants are o:ffered to them simultaneously, it is always the hairy ones which have the 
largest mumber of eggs on them. In one of the trials bhendi pod. (Hibileu. uctr 
lentus) and the fruits of Abutilon (Abutilon indicwm) were simultaneowdy placed in 
the cages of the moths for oviposition. (The fruits of Abutilon are very hairy and 
give a velvety appearance). The result was that 92·4 per cent of the total eggs 
were deposited in the hairy surface of the Abutilon capsules and the remaining 7·6 
per cent only on the bhendi pods. 

Pair 
No. 

1 

2 

3 

4 

£; 

6 

TABLE VI 

Nwmber of egga laid on the fruits of bhendi and Abutiloll 

1924. 

No. of eggs on No. of eggs on 
Period of reoording observations AIMiion bAend. 

oapsulea pods 

27th to 29th August · . · · · · 64 £; 

27th tG 31st August · ." · · · · K 1 

27th Augusti to 6th September · · · · 468 33 

27th August to 3rd September · · · · 287 21 

27th August to 2nd September · · · · 241 32 

27th to 31st August · . · · · I~ 15 

TOTAL · 1,308 107 
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It was further observed in the laboratory that in t4e absence of any other material 
the eggs wert' thrust in the meshes of the cloth covering of the glass cages; but 
whenl'ver coarse felt was inserted (for feeding, by soaking pieces with sugar solu
tion) the muslin cloth was abandoned and the eggs were laid deep in the hairy meshes 
of the felt. 

The same tendency has been noticed in the cotton fields, where hairy portions, 
such as tender shoots, stalks of flower-buds and bolls, and the petioles of leaves are 
selected for oviposition. The results of the examination of five plants weekly 
during November and December 1926, and January 1927 for position of eggs on the 
cotton plant are tabulated below. 

TABLE VII 
Positions on the cotton plants where the eggs are laid by the Spotted Boll-worms 

(20 plants examined in each case) 

Positions November December January Total 

---
Vegetative shoots 41 41 9 91 .... 
Internodes of branches . 12 13 6 30 

Leaf petioles 6 15 6 26 

Stalks of flower-buds 11 18 13 42 

Stalks of bolls • . . .. 6 10 15 

Body of flower-buds and bolls .. 2 1 3 

TOTAL ON 20 PL.uiTS 69 94 44 207 

INCUBATION PERIOD OF EGGS 

The incubation period of the eggs of the Spotted Boll-worms consists of four 
days almost throughout the year except during the cold months of December and 
January, when it occupies about 5 to 7 days. 

Just before the tiny caterpillar emerges from the egg, a little movement of a black 
spot can be observed inside the shell, and within a few minutes the larva comes out 
by knocking off the micropyle, or sometimes by making an irregular hole on the 
side. The empty white shell is left behind, and many can be found sticking to the 
stalks of the flower-buds and bolls on the cotton plants for many days. 

LIFE OF THE CATERPILLARS 

The term boll-worms is partly a misnomer because the larvae of the Spotted Boll
worms do not restrict themselves to bolls only but feed on the tender vegetative 
lIlJ.oots ~nd tlJ.e tlower-b~ds of cotton plants for a considerable period of the season. 

B 
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It is an important fact to reme~ber that the tiny larvae, as they emerge fr(\m 
eggs, do not begin to feed directly on the nearest available food. They wander about 
for a few hours before they select their food and begin to bore into it. The rest of 
the feeding is done from within, either in tender shoots, flower-buds or bolls. The 
larva does not stay in anyone of these forms during all the period of ita lile and 
generally it leaves the form before all the available food in it is I'xhausted. It feeds 
for a short period in one part of the plant and then it migrates to another. It i. 
this habit which is responsible for the destruction of many more forms than would 
actually be required for nourishing the caterpillars. It is very common to find a 
large number of flower-buds and bolls which haye been left by the insects after des
troying only small portions of these forms. 

The larval period was determined by rearing about a dozen larvae every month. 
Each caterpillar, as soon as it emerged out of the egg, was kept in a 8eparato glass 
tube for observation. When these larvae pupated, the pupae were further kept 
under observation for noting the pupal period. 

December, January and a part of February are generally the coldest months 
in this tract, and during this part of the season the larval life extends to about 14: 
to 16 days. It diminishes to only 9 days during the month of October. During 
the remaining part of the year it varies between 10 and 12 days. (Table IX, 
Page 13.) 

The kind of food available for the larvae also has some influence on the length 
of their life. Observations during October 1924, showed, that larvae which wl're 
fed on bhendi pods could pupate within 9 days, whereas those which were given 
only tender vegetative shoots of ootton required 14 days before they could pupate. 
Similarly, further trials during November and December 1924, showed, that the 
l~rvae which were fed on bhendi pods pupated after feeding for 11 days in November 
and 14 days in December, whereas the larvae which were fed only on flower-buds of 
cotton, required 13 and 15.da.ys respectively during the above two months. 

PUPAL PERIOD 

The caterpillars when they are fully fe~ descend the plant and invariably go to 
the soil for pupation in this tract. Very rare cases are observed when the larvae 
pupate on the plants, either in the monsoon when the soil is wet or during the hottest 
part of the summer when the heat of the surface soil is unbearable. 

The larvae generally commence their search for a suitable place for pupation 
between 9 A.M. and mid-day. They move through the cracks and crevices until they 
find a suitable place for spinning their silken cocoons. These are generally attached 
to the clods or are sometimes found in small crevices (PI. I, Fig. 1). In caSC8 
where the pupae are found in finely pulverised surface soil, small particles or soil 
are attached all over the cocoon. 

In normal field conditions the :pupae can be traced to a maximum depth of 
about 10 to 12 inches below the surface of the soil, 



PLATE 1. 

FIG. 1. ]<;(lr;(/s pupaE' III the ,;oil. 

FIG. 2. A cot.ton shoot damaged by a caterpillar of the spotted boll-worms. 



PLATE 1. 

FIG. 1. EUl'il1s pupae in the soil. 

FIG. 2. A cotton shoot damaged by a caterpillar of the spotted boll-worms. 
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TABLE VIII 

Depth at which pupae are found in normal field plots 

DEPTH IN lNCIl EB 

I TJtal 
0-1. 1-2. 2-S. S-4. 4-5. 5-6. 6-7. 7-8. 8-9. 9-10. 10-11. 11-12. 

-- ----------------------
No. ot 

tE
upae , 10 5 2 1 1 1 1 .. .. 1 . . 2ij 

traced urlog 
1928-29. 

No. ot ,Eupne 8 6 9 7 .. .. 4 5 .. 2 .. 

I 
1 41 

traced urlng 
1929-30. 

The larvae make their way to these depths through clods and crevices for pupa
tion, and the moths, when they emerge from the pupae, have, therefore, to escape 
through similar interstices between clods and the loose particles of the soil_ 

The pupal period varies between 8 and 14 days. The minimum period is observed 
during April to June and the maximum period during January. (Table IX) 

TOTAL PERIOD OF PRE-IMAGTNAL LIFE OF THE SPOTTED BOLL-WORMS. 

The period of each stage of life of these insects has already been mentioned and 
the total length of their pre-imaginal life during the different months of the year, 
from the time the eggs are laid till the emergence of the moths, is summarisea. in the 
following table from the information which has already been presented. 

TABLE IX 

Life of Spotted Boll-worms 

Incubation Larval Pupal Total 
Month. period period period life 

in days in days in days in days 

Deoember 1923 I) 14 13 32 
January 1924 • I) 16 14 35 
February 1924 I) 11 10 26 
April 1924 • • 4 10 10 24 
1st fortnight April 1924 4 12 8 24 
2nd fortnight May 1924 4 11 8 23 
June 1924 4 11 8 23 
luly 1924 4 10 10 24 
August 1924 4 10 9 23 
September 1924 4 10 8 22 
Ootober 1924 4 9 9 2~ 
November 1924 4 12 12 28 
1st fortnight November 1924 4 11 13 28· 
2nd fortnight December 1924 I) 14 13 32 

It is seen that the shortest period of pre-imaginal life is 22 days in October, the 
longest period being 35 days during January. 

B 2 
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DISTRIlJUTION OJ! THE SPECIES 01' SPOTTl.;D BOLL-WODS 

Eanas insulana Boisel. and Eanas fabia Stoll. are the two species of Spotted 
Boll-worms which damage the cotton crop in Gujarat. Both iMUlana and fabia 
are present throughout the year in the cotton fields but it isfabia which always 
predominates. The proportion of insu1.4na is generally the highest during the month 
of November. 

TAlJLE X 

Proportion of Earias fabia and Earias insulana from 1M lamu coZleled from 1M 
coU!»I fields at Surat 

Month Earitu Earitu Tot&l Percentage Percentage 
/aIM i"""lana of/abis of itwIaIa ... 

June 1928 · · · · 44 28 72 61 3t 
July 1928 · · 12 2 l' 85 U 
August 1928 · · · M , 28 88 l' 
September 1928 · · · 28 , 32 88 12 
October 1928 · · · 30 l' 44 68 32 
November 1928 · · 30 30 60 50 50 
December 1928 · · · 68 30 98 69 31 
January 1929 · · · 25 8 33 75 M 
February 1929 · · 31 7 38 82 18 
March 1929 • · · · 28 4 32 88 12 
April 1929 · · 36 13 '9 73 27 
May 1929 · · · · 56 18 " 76 M 

The predominance of Eanas fabia can also be seen from the classification of 
moths which emerged in the laboratory during 1923-24 from the larvae collected 
from the cotton fields. 

TAlJLE XI 

Total E. Percen~ I Percen~ 
Period of o~ation moths E./aIM iuul_ age age 

emerged labis . iMulall4 

19th November 1923 to loot January 1924 130 63 67 48 52 
17th December 1923 to 3Qtb January 1924 142 72 70 51 49 
24th .Tanuary 1924 to 27th February 192' 67 39 28 08 U 
23rd February 1924 to 19th March 1924 155 106 49 68 32 
14th March 1924 to 5th May 1924 

. 
173 138 35 80 20 · 10th April 1921 to 15th May 1924 • 244 184 60 75 25 · 10th May 1924 to 25th June 19M • 300 265 125 68 32 · 

_I 
( .. -<- .0 -.' - - '--- - -.- - ~. -- -- --
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The bhendi plants (Hibiscus esculentus) are also attacked by the Spotted Boll

worms, but it is E. fabia which is mainly responsible. for this damage because the 
proportion of ins·ulana found on bhendi is very low. 

TABLE XII 

Larvae collected from~Bhendi 

Months Eariaa Earias Total Percentage Percentage 
labia insulana fa~ia i1&""lana 

April 1928 • . . 286 8 294 97 3 

May 1928 69 8 77 90 10 

June 1928 33 1 34 97 3 

On Abut$Wn species a good proportion of insulana was always noticed. 

ARE THE SPOTTED BOLL-WORMS ACTIVE THROUGHOUT THE YEAR 1 
There are many insects which remain inactive in one stage of life or another for 

a part of the year. This period often happens to be the cold season, or it coincides 
with the period of scarcity of food supply for the particular insect. The study of 
this factor in the life-history of the Spotted Boll-worms was considered to be an 
important point and attempts were therefore made to ascertain if these inseots had, 
in this tract, any such period of hibernation or aestivation. 

Experience at Surat, while carrying out various trials, showed that these insects 
could be collected in the fields and could also be bred in the laboratory throughout 
the year. All the four stages of this pest could be easily found in the cotton fields 
even during severe winter, or during the summer months. The question had, how
ever, to be examined of the possibility of their aestivating as pupae in the field-soil 
during summer, after the kapas was harvested. Observations were, therefore, under
taken to clear this issue. A large number of full-grown larvae were liberated in smaU 
selected areas in a cotton field during the summer months, with a view to find out 
if these worms would pupate in the soil and remain in aestivation till the commence
ment 01 the next season, or would emerge as moths after the normal pupal period. 
The details of these trials are given below :-

A small area (6 ft. by 6 ft.) was selected in the cotton fields and 1,076 full
grown larvae were liberated in this small space in the last week of March 1928. Be
fore liberating these larvae, zinc sheets were buried around this block of soil to a 
depth of 3 feet, so that the larvae may not escape from the area under observation 
through oracks in the soils. The emergence of moths was noted from this area by 
plaoing a cloth c~ge over it. 
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It was found that 135 moths emerged from this area between the 10th and 15th 
day, after the larvae were liberated and no emergence was noticed after this period. 
At the beginning of June, the enclosed soil was excavated and was carefully examined 
for the cocoons. 497 cocoons were recovered but none of them contained a live 
pupa. 

It is seen that though we liberated 1,076 larvae, we could trace only 497 cocoons 
after a period of about two months. Out of the remaining 579 larvae, a few must 
have failed to pupate and the rest must have been completely destroyed after they 
had pupated in the soil. It is further interesting to note that even out of these 
497 cocoons, we could secure only 135 moths, and the remaining pupae were damaged 
by predators before the moths could emerge. 

In addition to this trial, two zinc cylinders, two and a half feet in dia.met~r and 
open at both ends, were buried in the field soil to a depth of 3 ft., and 200 full-grown 
larvae were liberated in each of them during the last week of ~Iarch. The emer
gence from each of them was recorded by caging the enclosed area. It was found 
that 75 and 84 moths emerged from the area enclosed by the two cylinders respec
tively within 11 days aft-er the larvae were liberated. The soil from the first cylinder 
was examined after 4 weeks and that from the second was examined after 8 weeks 
from the commencement of the experiment. In both the cases, no live pupa could 
be traced at the time of soil examination. 

Later on, in the last week of May, another group of 200 larvae was liberated 
in a small space enclosed in a cylinder as mentioned above. Within 10 days, 
111 moths emerged from this area and no moth was found after that period. The 
soil was examined in the last week of June and again no live pupa could be secured. 

The observations indicated that there was no possibility of the Spotted Boll
worms aestivating as pupae in the soils, in this tract, during thc summcr months 
which intervene between the old and the new crop of cotton. 

So far as the cold season is concerned, it was found that it prolonged the life of 
these worms, and the total period of life extended to about 35 days during the cold 
weather but no hibernation as such was observed in this locality. 

The effect of continuous cold on the pupal period was studied under .artificial 
conditions in one of the experiments. Nine sets of 10 fresh pupae in each case were 
prepared and they were placed in 9 different compartments of a multiple temperature 
incubator (Appendix III) where the temperatures ranged from 58° to 125° F. 

It will be seen from the next table that the period of pupation was considerably 
prolonged at lower temperatures, and it covered as many as 24 days in the case of 
'the pupae, which were exposed to a temperature varying between 66° and 70° F. 
In the adjoining compartment, the temperature varied between 58° and 64° F. and 
the result was that the pupae from this lot did not hatch out for 30 days. They 
were removed from there, after this period, and were kept at the room temperature, 
where the moths emerged normally after four days. 
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TABLE XIII 

Emergence of moths from pupae exposed to varying temperatures 

nays after 

TOTAL EMERGENCE • 

Number of moths that emerged from different chambers with vary. 
ing ranges of temperature. (In Fahrenheit.) 

122 110 100 
to to to 

125. 112. 102. 

All pupae dead 
and dried up. 

96 
to 
98. 

--

3 

4 

90 
to 
93. 

--

7 

2 

89 84 
to to 
91. 86. 

-- -
3 

3 

5 4 

2 

80 
to 
83. 

-

4 

5 

79 
to 
81. 

-

3 

3 

2 

73 
to 
75. 

--

5 

2 

66 
to 
70. 

-

2 

4 

4 

58 
to 
M. 

---- ----------------------
7 9 10 9 10 8 9 10 Nil 

(all live 
pupae). 
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The above information will be of considerable interest for tracts like Sind and. 
the Punjab because it indicates the possibilities of the Spotted Boll-worms passing 
a very long period, in their pupal stage, during the months of severe cold of these 
provinces. 

Moths which emerged in the laboratory during the months of June. July and 
August were kept.in glass jars and were fed regularly on honey in order to find out 
if the Spotted Boll-worms would be able to pass the period between the two cotton 
growing seasons in the adult stage. 

TABLE XIV 

Life of moths kept uniler observation during June, July and August 1928 

No. of moths Average life in Maximum life In Month under obeer. 
vatioDi claya claya 

June . · . · . 41 8 25 

July . . · . . · . 89 9-5 22 

August . · . · 51 8·6 h 

It was found that the average life of these moths was not more than 10 daya 
and. that the maximum period for which a moth lived did not exceed 25 days in any 
case. 

All the observations, therefore, indicated that the Spotted Boll-worms were active 
throughout the year in this tract and that no evidence was available of their passing 
any time of the year in hibernation or aestivation. 

FLIGHT RANGE OJ' MOTHS 

Knowledge of the flight range of these moths would be of cODBiderable value for 
estimating the rate at which fresh infection of this pest would spread. Accurate 
determination of flight range would probably be possible only in tracts which are 
free from Spotted Boll-worms. Such a suitable tract was not. however. available 
for us, and therefore only a few attempts were made to study the question of flight 
dispersal within narrow limits. 

The moths when disturbed during the day time, only flit about a little and settle 
on plants within a few yards. During the night, however. they travel more exten
sively. 

During one of the weeks of March 1928,1,875 moths were coloured red and were 
liberated in the evening in the midst of a big cotton area. Next morning there 
was no trace of a single moth, near about the spot where they were let out. During 
the subsequent two or three days. a careful search was made for locating these motu 
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in the surrounding areas, with a radius of about 500 yards. Only five coloured 
moths could be secured after this search and the maximum distance at which one of 
these moths was caught was 300 yards away from the spot where they were originally 
liberated. It is, therefore, concluded that the moths must have spread out 
very rapidly beyond the distance of 500 yards where it was not possible to carry on 
a thorough search. 

DAMAGE TO THE COTTON CROP BY THE SPOTTED BOLL-WORMS 

SEASON AND PLANT GROWTH 

Before describing the damage caused by the Spotted Boll-worms to the cotton 
crop, it is desirable to give a brief general account of the environmental conditions 
of this crop in this tract. (A detailed account of these conditions is given by Magan
lsI L. Patel [1924] in his memoirs on Gujarat cottons.) 

In South Gujarat, the monsoon generally breaks out some time during the latter 
part of June, and the rainy season continues almost till the end of October. The 
average rainfall at Surat is 40 inches, and a large part of it is received during the 
months of July and August. Cotton is sown soon after the first few showers, at 
the end of June or early in July. The cultivator generally drills his cotton, but 
dibbling the seed at regular distances is being adopted by some of the cultivators. 
Desai and Naik [1925] have reported successful results of growing the crop on ridges, 
which help it to stand the water-logging of the soils during the monsoon at Surat. 

In a normal season, cotton seedlings, about four to six inches in height, are seen 
all over the cotton fields in the month of July, but they do not make any rapid Pro
gress in growth for nearly 6 to 8 weeks in the clayey soils of this tract, due to the 
excessive moisture in the soil and the continuously overcast skies. With the advent 
of drier and more open conditions, some time during the months of September or 
Outober, vigorous growth commences and is followed by rapid formation and deve
lopmentof the flower-buds. Flowers begin to appear in November, and boll deve
lopment continues during the months of December and January. 

The opening of the boll takes place during the months of ~1arch and April, and 
consequently it is during these months tha4- the pickings of kapa.! are made. 

Most of the observations at Surat were on plants of the strain called 1027 A. L. F., 
which is being extensively cultivated in this tract, south of the Nurbuda. The 
seed was dibbled on small ridges which were prepared before the beginning of the 
monsoon. 

DAMAGE TO THE VEGETATIVE SHOOTS 

As soon as the vigorous growth of the cotton crop commences, after the cessation 
of the monsoon, the Spotted Boll-worms make their appearance in the cotton fields. 
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They either destroy the tiny buds of the growing shoots or bore into the succulent 
internodes about 3 or 4 inches below the top of the shoot. When a larva bores into 
an internode, the portion of the shoot above the bore generally withers and dries up. 
The appearance of these withered shoots is so characteristic that they can easily be 
observed from a distance (PI. I, Fig. 2). In a few cases, however, when the injury 
is not very severe, the shoot does not dry and the injury caused by the bore ill 
healed up. In the case of the shoots which survive the attack, the scars are visible 
almost throughout the season. When only the growing vegetative bud is devoured 
by these worms, the injury is not easily perceptible. Whether the growing bud is 
destroyed or the shoot is bored into, the ultimate effect, in most cases, is that tho 
further elongation of the branch is stopped and fresh growth ill stimulated at the 
lower nodes. 

It must be mentioned here that when the above damage is in progress, the shoot
roller (Phycita inJusella Meyr.) is also active on the shoots of the cotton plants (Ap
pendix V; Tables II to V). These larvae bind together the top leaves of the branchcs 
and feed on the tender leaves from within. The bunch of tied leaves withers and 
dries up, and consequently in these cases also the further growth of the branches is 
prevented. 

During the year 1925-26, two hundred plants were kept under observation from 
the beginning of the cotton-growing season for recording the injury caused by the 
Spotted Boll-worms and the shoot-rollers. Withering of the shoot completely, or 
inerely the destruction of the growing bud, were both reckoned as injury. Ultimately 
full records for 181 plants were available. It was found that the shoots of the main 
aXIs of all these plants were. damaged by these insects, 38 per cent of them being 
destroyed by the Spotted Boll-worms and remainder by the shoot;..rollers. 

Similar observations were recorded on a group of 200 plants during the year 
1926-27 and the progress of attack by the Spotted Boll-worms on the shoots of the 
main stems can be seen from the next table. 

TABLE XV 

AVE'rage heigM No. of eoota 
Week ending of the planta in damaged by 

em •• boU. WOI'llHl 

25th September 1926 . . 19 13 
2nd October 1926 23 18 
9th Ootober 1926 . 28 11 
16th October 1926 35 48 
23rd Ootober 1926 40 18 
30th October 1926 . · 44 9 
6th November 1926 . . . · 47 10 
13th November 1926 . . . · 49 1 

TOTAL 128 
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It is seen that the attack on the shoots commenced when the plants were about 
19 ems. in height and it continued till the average height of the plants was 49 ems. 
The maximum number of damaged shoots was in the week ending 16th October, 
when the average height of the plants was 35 ems. 

The boll-worms do not restrict themselves to the shoots of the main stems but 
t?e succulent tops of the side branches are also bored and the growing ve~eta
tlve buds are destroyed, in several positions on the plants. By the middle of Nov
ember, however, the internodes of the shoots begin to be woody and are no longer 
inviting to the worms. The withering of the shoots therefore disappears, but the 
injury to the growing tips does continue thereafter. A few instanees of tiny larvae 
feeding on the vegetative buds can be traced even during the months of December 
and January. (Appendix I, Table IX.) An idea of the incidence of the larval popu
lation on the vegetative shoots during 6 successive seasons can be obtained from 
Appendix I, Tables VIII to XIII. It is observed that during most of these years, 
the boll-worms appeared on the cotton plants some time during the month of Sep
tember, and a few continued to feed on the shoots at least till the end of November. 
This continuous mutilation of the growing points, during the period when the main 
scaffolding of the plant is being built up, results in an irregular growth of the 
branches, and ultimately the plant appears to be very much more bushy than it 
would otherwise do. 

DAMAGE TO FLOWER-BUDS 

With the vigorous growth of the plants, the formation of the flower-buds also 
commences, and as the developing buds begin to increase in numbers, the Spotted 
Boll-worms gradually divert their attention from the shoots to the flower-buds. 
The larvae get into the flower-buds by making a hole and feed on the anthers and 
ovaries from within. Frequently the buds are abandoned by t.hese larvae after 
causing only slight injury. It must, however, be remembered that the entrance 
hole bored by the tiniest larvae invariably causes the shedding of even the bigg{'st 
bud. Damage by the Spotted Boll-worms is therefore one of the important factors 
which are responsible for the shedding of flower-buds. Careful observations were 
maint.ained on a small' number of plants during 3 cotton growing seasons, como. 
mencing from 1925-26, for studying this damage to the flower-buds. Weekly 
counts were maintained from these plants, recording the periodical flower-bud 
formation, flower opening and the development of mature bolls. The flower-buds 
and bolls which dropped down from these plants were collected, and were examined 
for determining the proportion of these forms which showed damage caused by 
the Spotted Boll-worms. (Appendix I, Tables IV, V and VI.) 

The flower-bud formation cominenced during the month of September in 1925 
and 1927, whereas in 1926, it began early in October. The delay in the commence
ment of the format:on of the flower-buds during 1926 was due to the growth of the 
plant being retarded by the excessive moisture in the soil caused by heavy rains 



(Appendix: I, Table VII). It was noticed that in all the three years, shedding of 
flower· buds due to the Spotted Boll-worms continued throughout the season. The 
earliest shedding of the flower-buds, however, consisted of a large proportion of 
tiny buds which generally fail to develop. Within a period of about 6 to 8 
weeks after the commencement of flower-bud formation, the proportion of the buds 
attacked by boll-worms increased, and over 50 per cent of the shed buds indicated 
damage caused by the Eariaa larvae. 

During 1925-26, the flower-buds sufiered heavily from this damage, almost from 
the beginning of October till the end of November. In 1927-28, similar damage was 
"bserved from the beginning of November till the middle of December. The year 
1926-27 turned out to be the worst boll-worm year, and a considerable amount of 
damage to the flower-buds occurred during that year from the middle of November 
1926 to the middle of January 1927. 

TABLE XVI 

Proportion of the flower-buds damaged by the Spotted BoU-w01'm8 

Percen· 

Total Shed tage of 

No. of Total Peroen· Total Shed bucU .bed 
No. of flower. No. of tage of buds buds damaged bucU 

Year plants buds flowers flowers shed eu· by due to 
ob. opened opened mined boll. 

formed 
pl::t 

boll. 
served 

p1:.t 
to buds per worma worma 

per formed plant to the 
plant per plant total 

shed 

1 2 3 4 5 6 7 8 " --- --- --- --- --- --- -
1925·26 . 49 252 74 29 179 163 79 48 

1926·27 . 20 297 59 20 238 222 II4 61 

1927·28 16 411 96 23 314 244 82 34 

Out of the total flower-buds formed, from 20 to 29 per cent opened into flowers 
and the rem~ining 71 to 80 per cent shed as buds during the three seasons under 
consideration. It was further noted that out of this large proportion of flower
buds which dropped away from the plants 34: to 51 per cent (roughly one-third to 
one haH) were injured by the boll-worms (Plate IT). 

DAMAGE TO FLOWERS AND BOLLS 

The shedding of flowei--puds due to the boll-worms delayed the period of flower
formation. In fact, intense flower opening was observed during the above three 
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seasons only after the decline of the shedding of flower-buds due to these inseCts, 
(Appendix J, Tables IV, V and VI). This fact was particularly brought out during 
the year 1926-27 when not only the 1.l0wer opening commenced very late, but it 
continued to be very tardy, and a slight intensity of flowering could only be noticed 
as late as after the end of January. 

The Spotted Boll-worms begin to concentrate on the flowers and young bolls as 
soon as the flower opening begins. When a flower is at+acked, the larva, in most 
cases, enters the ovary and destroys it. Consequently the flower withers and sheds 
within 3 to 5 days, The developing bolls also are attacked at all stages of their 
growth. Young bolls, before they are about half grown, drop away from the plants 
when they are damaged by the Spotted Boll-worms, but the bigger bolls continue to 
stick to the plant, even when they are injured. These bolls na 'urally yield ~amaged 
kapaa. 

It has already been mentioned that the flower-opening is delayed due to the 
shedding of flower-buds attacked by these larvae. It is fur'-her observed that the 
intensity of attack on the flowers and young bolls at the commencement of the 
flower-opening delays the boll formation and ultimately the opening of bolls. 

It \'Iill be int.eresting to scrutinise the details of the damage to the flowers and 
young bolls. During 1925-26 the flowering co~enced in the week ending on 17th 
October, and during the first four weeks of the flowering, 76 flowers opened on the 
25 plants under observation. Out of these flowers, only.14 bolls developed, and the 
remaining 62 flowers dropped away, of which 54 (1'.e., 87 per cent) were injured by 
boll-worms. Thereafter, the intensity ot the damage of these insects declined and 
the major crop of bolls was obtained from flowers which opened from the middle of 
November to the middle of December. 

Similarly during 1927-28, fifty-six per cent of the flowers which opened in the 
first six weeks of the flowering dropped away, and 67 per cent of the sheds were 
damaged by the boll-worms. The major part of the crop of bolls during that season 
was gathered from flowers which opened from the middle of December till the 3rd 
week of January. 

The performance of the plants during 1926-27 was, however, particularly interest
ing. During that year the flower opening commenced at the end of October, but 70 
per cent of the flowers which opened till the end of December were destroyed by the 
boll-wol'ms, and 79 per cent of the final crop was built up from the last flowers which 
opened after the beginning of January. It was also notice~ that due to this conti
nuous destruction of the flowers and young bolls, the flowermg was very protracu,d 
and continued from the end of October till the end of February (Plate Ill). 

These observations have, therefore, shown very clearly that the success of bolls 
from the earliest flowers is considerably reduced, due to the shedding of bolls caused 
bv the Spotted Boll-worms, and that the flowering period is prolonged if the severi~ 
vf attack on tl1e ~owers and 70un~ bolls continues for a lon~ period~ 
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TABLE XVII 

Percentage Percentage 
Total . Bolle ahed of the bolls of bolls shed 

Year Plante f10were Bolls shed due to boll. abed due to due to boll. 
observed opened per per plant worrne per boll.worrne worm. to 

plant plant out of the the flowers 
total .hed opened 

1925·26 49 74 46 10 22 13·8 

1926·27 20 59 35 24 69 41 

1927·28 . 16 96 59 12 20 12-6 

Out of the 3 seasons under consideration it was during 1926-27 that the largrst 
proportion of the shed bolls showed injury caused by the Spotted Boll-worms, and 
that 41 per cent of the total flowers were destroyed by the boll-worms in that season. 
During the other two years this damage was restricted to only 13·5 per cent and 
12·5 per cent of the total flowers. 

It has already been mentioned that some of the developed bolls are also attacked 
by these worms and that such bolls yield damaged kapaa. All the dirty kapaa that 
we find at the time of pickings, however, is not due to the injury of the Spotted Boll
worms alone, because the Pink Boll-worm (Platyedra g08sypiella Saund.) is respon· 
sible for a greater part of this damage to the developed bolls. The Pink Boll-worm 
appears in the fields just when the bolls are developing and rapidly increaMes in 
numbers. (Appendix: VI, Tables VII to XU.) 

For ascertaining the total damage to the bolls caused by both the pests, more 
than 100 plants were kept under observa~ion during 1928-29, 1929·30 and 1930-31 
and all the bolls from these plants were carefully picked and the damaged and the 
sound locks of these bolls were separated out into difIerent classes as mentioned 
below:-

Number of the locks of the total bon. picked 

I r--_----.L-----·--, 
Locks ~elding Locke wLcla do 
saleable Ieapa. not yield saleable 

I ia1 r I. r·---.L---... 
I i I i 

worms due to other __ 
Locks yielding good kaplJ8 Damared locks Locks injured by boll. Locks not developed 

r' 
I 

Locks injured by boll. 
worms 

, 
I 

Locke not properly 
developed due to ott'er 

_USBII 
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The results of this classification of the locks during the years mentioned above 
are summarised in the next table. 

TABLE XVIII 

(Average per plant) 

LOOKS YIELDING SALEABLE 'USELESS LOOKS 

kaplJlJ WITH UNSALEABLE 
kapaa 

No. of To.tal 
Damaged locks Year plants locks Not 

obsf'rved pickf'd Damaged developed Sound 
locks Due to Due to by boll. due to 

boll. other worms other 
worms causes causes 

1928·29 104 202-4 144·2 38·3 8·8 6·9 4·2 

1929·30 112 170·6 156·2 9·0 2·3 2·5 0·6 

1930·31 116 211-8 190·6 IN 1·3 2-l 0·1 

The sound and the damaged locks of the saleable kapas were collected and weighed 
separately, and an idea of the extent of the damaged kapas can be had from the 
next statement. 

TABI,E XIX 

(Average per plant) Plants spaced 4' by 4' 

No. of Total sale· Kapaa from Kapaa from 
Percentage damaged 

Year plants able kapaa sound locks locks damaged 
observed in Grms. in Grms. in Grms. kapaa 

1928·29 104 130·6 105·5 25-1 19 

1929·30 112 113·2 107-9 5·3 4·7 

1030·31 116 150·1 140·7 9·4 6'3 

It is seen that the proportion of the damaged lo:apas was very high during 1928-
29. It appears that this was mainly due to a severe attack of the Pink Boll-worm 
during that season. (Table XI of Appendix VI.) 
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It is very difficult for a casual observer to appreciate the damage caused by the 
Spotted Boll-worms to the cotton crop as the plant apparently looks quite healthy, 
and caterpillars feeding on the crop hardly attract the attention of an untrained 
eye. The observations described above will, however, show the continuous damage 
to which the cotton crop is subjected by this pest from the beginning to the end of 
the season. 

ABUNDANCE OF THE SPOTTED BOLL-WORMS IN THE COTTON FIELDS 
AT SURAT 

An idea of the comparative,abundance of a pest can be obtained if we can et,ti
mate its population periodically in a given area of the crop, which is damaged by 
that pest. In order, therefore, to study the increase or decrease of the Spotted 'Boll
worms in the cotton fields at Surat, the larval population, on a fixed number of 
plants, was ascertained weekly. Five small plots of cotton were reserved for obtain
ing plants for examination, and from these plots 5 plants were collected daily by 
cutting one plant from each plot. A total number of 25 plants was examined every 
week, except during the commencement of the growing season when a large number 
of seedlings had to be examined to trace out the population which naturally used to 
be very meagre at that time. For these observations all the parts of these plants 
were separated out in the laboratory and all the shoots, flower-buds and bolls were 
carefully examined to record the larvae which might be feeding in them. The num
ber of empty forms, from which the larvae had escaped after feeding was also noted. 
Incidentally notes were also maintained about the presence of shoot rollers (PhycitIJ 
in/meZla Meyr.) and the Pink Boll-worm (Platyedra gossypieZla Saund.). The infor
mation about these pests is separately presented (Appendices V and VI). 

These observations for the larval population of the Spotted Boll-worms were 
carried out during 6 successive seasons from 1925 to 1931 and the results are tabu
lated in 6 sepa,rate statements in Appendix I, Tables VIII to XIII. 

These statements show that the Spotted Boll-worms make their earliest appear
ance on the shoots of the cotton plants. They divert their attention to the flower
buds as these begin to appear, and for a few weeks the attack continues, both on 
shoots and flower-buds. When the boll development begins, a part of the 
population shifts from flower-buds to bolls (Plate IV). It is interesting to note 
that when both flower-buds and bolls are present there is proportionately a larger 
number of Spotted Boll-worms feeding on bolls than on flower-buds. This indicates 
that they prefer bolls to flower-buds. It must, however, be remembered 
that they feed on tb,e flower-bud,s for tb,e longest period ~ tlle cotton-~owing 
~~il~oq. 
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TABLE XX 

Spotted Boll-worm larvae found in every 100 flower-buds and every 100 rrreen bolls present 
on ~5 plants at the time of weekly examinations 

1929-30 

No. of 
No. of larvae No. of Total No. of 

Date No. of larvae for every larvae larvae 
buds in flower- 100 green for every 

buds flower- bolls in boMs 100 bolls 
buds 

23rd Ootober 1929 1,137 58 5-l 6 3 50·0 

30th Ootober 1929 1,667 86 5·2 8 2 25·0 

8th November 1929 1,993 143 7·2 5 2 40·0 

14th November 1929 2,627 167 6·4 17 6 35·3 

21st November 1929 2,529 143 5·7 20 7 35·0 

28th November 1929 3,381 143 4·2 32 7 21·9 

3th Deoember 1929 3,637 153 4·2 72 11 15·3 

12th Deoember 1929 3,829 92 2·4 149 15 10·0 

19th December 1929 2,673 45 1·6 338 24 7-l 

26th December 1929 2,831 30 1-1 493 21 4·% 

2nd January 1930 2,537 24 0·9 866 29 33 

9th January 1930 1,721 15 0·8 1,350 23 1-7 -
16th January 1930 940 3 0·3 1,814 11 0·6 

23rd January 1930 288 2 0·7 1,468 7 0-5 

30th January 1930 67 .. l,10:f 3 0·3 . .. 

c 
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TABLE XXI 

Spotted, BoU-worm laf'1)(J6 foo.nd in every 100 Jlowe't-bud1J and every 100 green bollB 
present on 25 cotton plants at the time of weekly examinations at Surat 

1930-31 

No. of No. of No. of 
No. of larvae in larvae for No. of Total larvae for 

Daf,e flower-
flower· every 100 tn: larvae in every 100 

bude bude flower. bolla troou 
bude olla 

-
24th October 1930 2,260 158 7 50 9 18'0 

3lat Oot.ober 1930 · 1,977 155 7'8 43 14 32'8 

7th November 1930 · 1,777 122 e'9 51 12 23-1 

14th November 1930 · · 2,107 123 1S·8 33 e 18-1 

21.t November 1930 · · 2,688 78 2·9 32 9 28·1 

28th November 1930 · 3,998 90 2·2 71S lIS 20-0 

5th Deoember 1930 · · 6,192 132 2·1S 208 24 11-15 

12th December 1930 · 4,224 91 2-l 288 28 9-7 

19th December 1930 4,207 52 1-2 868 33 3-8 

26th December 1930 · 3,917 33 0·8 1,707 19 1-1 

2nd January 1931 · · 2,198 13 0-8 1,895 17 0-9 

9th January 1931 · · 927 8 0·8 2,167 17 0-11 

16th January 1931 · · 221J 1 0'4 1,692 13 0·7 

23rd January 1931 · · 18 .. .. 1.248 20 1-1, 

A compact statement of the weekly larval population on 25 cotton plante during 
the above mentioned 6 years is given in Table XXII. 
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TABLE XXII 
Weekly population of the Spotted BOll-WfYfmS cm.25 eottM plants at Sural 

(Plants spaced 3' X 3' during 1925-26, 1926-27 and 1927-28 and 4'X;3' during 1~28-29. 
1929-30 and ]930-31.) 

Week ending 1925-26 1926-27 1027-28 1928-29 1929-30 1930-31 

5th September .. _. .. . . -- I 

12th September .. -. .. 2 .. 1 

lOth September 32 .. 8 .- 1 2 

26th September 48 .. 25 1 1 18 

3rd October 48 .. 24 4 7 13 

10th October 43 .. 22 29 35 28 

17th October · 68 3 74 45 70 78 

24th October · 87 5 57 56 81 196 

31st October · 73 16 61 32 114 220 

7th November 45 19 51 89 176 167 

14th November · 45 38 78 86 204 145 

21st November 32 62 46 95 167 90 

28th November . 54 91 69 130 159 1()8 

6th Dooember 47 76 63 115 165 157 

12th December 44 138 42 123 107 122 

19th Dooember 55 123 34 65 69 85 

26th Deoember . 51 144 34 37 III 53 

2nd January 38 - 41 40 54 30 

9th .January 30 67 38 19 38 23 

16th January 22 86 35 18 14 14 

23rd January 25 47 18 20 9 20 

30th January 14 47 12 25 3 28 

6th February . · ., 44 11 19 18 37 

13th February .. 15 4 46 25 !3 

20th February .. 21 II 54 ' 28 l'l 

27th February .. '0 6 56 .. • 
-Not examined. 

o 2 
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The time of the earliest rise of the population of these larvae in the cotton fields 
has varied considerably during these 6 years. In 1925-26 this rise was found to be 
the earliest, while during the next,season it was abnormally delayed till the middle 
of November. In 1927-28 again the boll-worms began to increase in numbers before 
the end of September, whereas the commencement of similar rise was noticed by 
about the second week of October during the remaining 3 seasons. 

The intensity and distribution of rainfall were important factors in determining 
the time of the rapid increase of the Spotted Boll-worms, because rain had a depress
ing effect on their multiplication, and therefore the rise of the population could not 
begin so long as the rains continued (Plate V). It was also noticed that the popu
lation rapidly declined if heavy showers of rain were received even during the 
later part of the cotton growing season. 

Thus on 12th and 13th of November 1927, the rainfall was 2·88 inches. This was 
followed by a sudden drop in the larval population on the 25 plants from 75 to 44 
during the next week. Similarly the population rapidly declined . after a storm 
which occurred on the 29th of October 1930, and which was accompanied by 0·90 
inches of rain. 

Month 

June 

July 

August . 

September 

October . 

November . 
---

TABLE XXIII 
Rainfall at Surat from 1925 to 1930 

(In inches) 

Fortnight 1925 1926 1927 1928 

--------- ---
First 10'78 .. 0'45 2'91 

------
Second 6'66 0·97 9-01 .. 

---------
First HI 15·68 5·93 8'69 

---------
Second H5 13·28 6·41 3·27 

------
First 3·82 11-68 1-50 2-11 

---------
Second 0·33 8·09 1·09 1-86 

---------
First 1·04 6·65 0'99 0·38 

------
Second .. 6·60 3·26 5'90 

------
Firat .. .. 2-15 0'49 

---------
Second . .. .. .. 0'38 ---
First . 0·06 .. 2·88 .. ---------
Second . ,. .. .. 0·29 

---------
TOTAL 25·44 62-95 35-08 26-17 

1929 1930 

I--- ---
0·78 o-n 
8·26 16·32 ------

33·78 10·41 ------
0'04 5·04 

1-80 2-10 

1-45 0·26 ------.. 5'34 -
0·45 0·06 

0·32 .. ------.. 0'95 -.. .. -------.. .. ------
47·38 4H8 
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Tho year 1925 had a very peculiar type of monsoon. During that year Surat 
had, from June to November, a total of 25·44 inches of rain, of which 17·33 inches 
were received in the month of June. The remaining 8 inches were spread over the 
~ext 3 months. The Spotted Boll-worms, therefore, got the earliest opportunity of 
IIlcreasing in numbers during that season. . 

The next season had the heaviest rainfall, and all the 3 months of July, August 
and September continued to be very wet. The result was that the rapid multiplica
tion of this pest during that year was delayed till the middle of November. 

The year 1927 was not quite as dryas 1925 but there were no heavy rains during 
August and September, and therefore a good beginning of boll-worm population was 
noticed in the last week of September. 

Tho boll-worms would have increased in numbers before the end of September 
in 1928, because the period from the beginning of August till the middle of September 
was not very wet. The heavy showers received during the 2nd fortnight of Sep
tember, however, delayed their rise tiIl the 2nd week of October. 

During the next two seasons tho heavy rains in June and July followed by small 
showers during the next few weeks kept off the serious rise of the pest tiIl the middle 
of October. 

The various indications mentioned above, have, therefore, shown that a heavy 
rainfall is always effective in checking the rapid increase of the Spotted Boll-worms. 

These observations have further shown that the population of the Spotted Boll
worms declines rapidly every year at the end of December or some time in January. 
Scarcity of food docs not seem to be a reason for this, because a large number of 
flower-buds and bolls can still be found on the cotton plants, when the population 
of these insects begins to fall. It appears that this decline is partly due to the acti
vities of the parasites of these worms and partly to the effect of climatic conditions. 

The following 3 parasites are generally active during the months of November 
and December, and are responsible to a great extent in controlling the Spotted Boll
worms. 

(1) Microbracon lefroyi D. and G. 
(2) Actia aegyptia ViII. 
(3) Rhogas testaceous Grav. 

The cold season generally begins just about the time when the population of the 
Spotted Boll-worms declines. The cold season prolongs the total life of these worms, 
and consequently their rate of multiplication is decreased. It is further observed 
that the period of the decline of these insects and the fall in the night temperature 
generally coincide (Plate VI). It has been remarked earlier that the capacity of 
oviposition of the moths declines appreciably with the commencement of the 
cold weather (Page 9). 

In short the Spotted Boll-worms begin to increase rapidly in the cott()n fields 
soon after the close of the monsoon. They feed on the shoots, flower-buds and bolls 
as they begin to appear in succession. The cotton plant at Surat shows a very great 
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capacity of getting over all this damage. When the growing shoots are destroyed, 
fresh growth commences at other points; when the developing flower-buds are 
damaged, the younger one8 begin to develop and open into flowers; and when young 
bolls drop down due to the injury caused by the caterpillars, the later flowers suc
ceed into bolls (Appendix VIII). The plant cannot, however, be expected to stand 
this mutilation indefinitely and therefore it is fortunate that ultimately the popula
tion of the Spotted Boll-worms declines at the end of December or early in January 
and allows the cotton plants to complete their performance. 

BEHAVIOUR OF THE COTTON PLANT WHEN IT IS GROWN FREE 
FROM BOLL-WORMS AND ESTIMATION OF THE IMPROVE

MENT IN THE YIELD OF KAP AS. 

Knowledge of the number of shoots destroyed or the amount of shedding of 
flower-buds and bolls, or even the exact counts of the number of larvae feeding on 
the plants every week, help but little to estimate the increased yield of kapa/l which 
should be available, if the boll-worms were absent from the cotton fields. As the 
economics of control depend upon this, it was necessary to resort to a direct method 
of studying the plants by growing them free from boll-worm attack. 

PLANT CAGES OF WOODEN FRAMES COVERED BY wmE GAUZE. 

To exclude the worms from the plants, wooden cages were prepared, whose sides 
were 3 ft. in width and 41 ft. in height. The sides and tops of these cages were 
covered with zinc coated wire gauze, of 400 meshes to a square inch. The cages 
were permanently placed on single plants throughout the cotton-growing 86ason 
(Plate VII; Fig. I), and the plants were kept under observation. 

In addition to these cages, a big permanent cage was constructed which was 15 
ft. broad, 20 ft. long and 9 ft. in height. The sides and the top of this cage 
also were covered with similar wire gauze. This was big enough to accommodate 
30 plants spaced 3 ft. by 3 ft. The plants under this cage also were kept under 
observation. 

Within a few weeks, it was observed that all these cages were quite effective in 
keeping off the boll-worms and for a time it appeared that they would suit our pur
pose very well. It was, however, not very long before we realised that the plants 
enclosed in these'cages were growing in an abnormal way. They appeared to be tall 
and lanky, and had thin broad leaves. Most of them reached the tops of the small 
cages very soon, and some of the plants in the big cage also, to our great surprise, 
reached its top, which was 9 ft. from the ground (Plate VII, Fig. 2). 

In the face of such abnormal growth it was not possible to utilise these plants 
for getting a correct idea about the maximum capacity of yield of the plants when 
they were grown free from boll-worms. The need for a better method which would 
efficiE'ntly protect the plant from boll-worms, and at the same time allow them to 
grow quite noqnally, was very keenly felt. 



FIG. 1. Plaut cage with wire glHlze liides and top. 
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similarly grown. During all the three seasons complete records of the growth of the 
main stem, periodical flower-bud formation, and flower opening were maintained; 
and the proportion of the periodical flowers to the bolls which finally yielded the 
kapas was also worked out. All these observations were also maintained on an 
equal number of non-caged plants for comparison. 

More extensive trials on a larger number of plants were subsequently undertaken 
during the next three seasons, especially for determining the yield of kapal in the 
absence of boll-worms. The observations during the first three seasons have helped 
to give a more or less accurate picture of the cotton plant as it would grow if the 
boll-worms are eliminated. 

GROWTH OF MAIN STEM AND BRANCHES 

It has already been mentioned that the tender vegetative shoots of the main 
stems, as well as, of the branches are destroyed in large numbers by the Spotted 
Boll-worms and shoot rollers, under normal field conditions. The caged plants, 
however, escape this injury, and as a result the height of their main stems is greater, 
and they have a larger number of primary sympodia than the control plants, 80 that 
ultimately the caged plants present a more regular conical appearance (Plate IX. 
:Figs. 1 and 2). 

TABLE XXIV 

N 'Umber of primary sympodia per plant and the average height of the caged and tIle 
'Uncaged plants 

Plant. No. of Average 

- Year ander ob_. primary height of 

VIr.tion 8fmpodia maiD .t.ema 
per plant elll80 

Caged · · · · · 1925·26 8 26·8 811·0 

NOD-caged · · · · 1925.26 25 0·7 38·0 

Caged · · · 1926·27 10 23·0 82-7 

NOD-caged · · · · · 1926·27 20 1304 011·2 

Caged · · · · · 11127.28 18 29·1 1011·0 

Non-cagod · · · · · · 1927·28 16 8-6 M·8 

FORMATION AND SHEDDING OF FLOWER-BUDS AND BOLLS 

The flower-buds begin to appear about the same time both on the caged and the 
lIDcaged plants. During some of the seasons, most of the earliest formed flower
buds drop away, due to unfavourable environmental conditions, and then follows 
.. period of rapid development of flower-buds. It is, however, about this time that 

" 



FIG. 1. Right: -'Cotton plant pl'otel'te<l 
Left: -Unprotected plant. 
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PLATE IX. 

hy lIight-caging_ 

FIG. 2. Diagramml\t.~c Rketch of a cotton plant grown free from boll-worm 
b~' night-caging. 



pLATE VIII. 

FIG. 1. A cotton plant grown free frOIll 1)011-'1'1 "I'm b.,' ni gllt-!'ngilll,! . (l'oto thp tin 
trench round the stem of the plant.) 

FIG. 2. Plant curtains used for night-caging. 
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NIGHT-CAGING METHOD . 

. In the meanwhile, detailed work of the life-history and habits was in progress 
~ the laboratory which afforded ample evidence that the Spotted Boll-worms were 
mcapable of laying eggs, during the day time, and it was therefore needless to enclose 
the plants during the day for preventing oviposition by Earias moths. The per
manent cages were therefore discarded, and it was decided to cage the plants during 
the night only. Night caging prevented the moths from laying eggs on these plants, 
but there still remained the possibility of the boll-worm larvae crawling from the 
non-caged to the caged plants. It was, therefore, necessary to 'keep small tin 
trenches, with water and oil in them, round the stem of each plant to catch·the 
worms which would try to encroach. This new method has been hereafter referred 
to as " Night Caging" method; and its important details are enumerated below :-

(1) Light wooden cages are prepared and are covered with mosquito netting 
cloth on the sides and the tops. They are placed on the plants every evening before 
sunset and are removed every morning after sunrise. 

(2) Small tin trenches 7 inches in diameter, 3 inches in height and having a 
circular opening in the centre (3 inches in diameter) for accommodating the stem 
of the plant, are prepared. These are slipped round the plants before they are 6 to 8 
inches in height. A small quantity of water with a thin film of non-volatile oil (such 
as sesamum oil) is kept in the trenches for catching any of the larvae which may 
attempt to cross over to the plants selected for caging (Plate VIII, Fig. 1). 

(3) The third essential for the success of the method is to shake the plants lightly 
every evening to drive away the moths, if there be any, before placing the cages, for 
the night. 

To start with, only single plant cages were utilised for this method. It was, 
however, subsequently modified to cover 3 or 5 plants simultaneously under one 
cage. The wooden frame work was dispensed with, and iron pipes were fixed in 
the soil, round groups of plants and mosquito nets of suitable sizes were slipped 
on these supports (Plate VIII, Fig. 2). 

The trenches and the nets were found to be quite effective in keeping oft the 
boll-worms, and the plants grew quite normally as they received full ventilation 
during the day time. It must be mentioned that this device also prevented the 
attack of the shoot-roller (Phycita illfusella Meyr.) and to a great extent of the Pink 
Boll-worm (Platyedra gossypiella Saund.) as well. 

A few stray cases are, however, noticed of accidental infection by the boll-worllli1. 
The Pink Boll-worm moths especially are smaller in size and therefore they sometime 
create a good deal of trouble to the developing bolls. A careful watch has to be kept 
to detect such infection for removing it as soon as it appears. 

OBSERVATIONS ON THE CA.GED PLANTS 

Only ten plants were grown during each of the first two eeasons (1925-26 and 
1926-27) under night caging. During the third season (1927-28);-20 plants were 
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similarly grown. During all the three seasons complete records of the growth of the 
main stem, periodical flower-bud formation, and flower opening were maintained; 
and the proportion of the periodical flowers to the bolls which finally yielded t.he 
kapas was also worked out. All these observations were also maintained on an 
equal number of non-caged plants for comparison. 

More extensive trials on a larger number of plants were subsequently undertaken 
during the next three seasons, especially for determining the yield of kapru in the 
absence of boll-worms. The observations during the first three seasons have helped 
to give a more or less accurate picture of the cotton plant as it would grow if the 
boll-worms are eliminated. 

GROWTH OF :MAIN STEM AND BRANCHES 

It has already been mentioned that the tender vegetative shoots of the main 
stems, as well as, of the branches are destroyed in large numbers by the Rpotted 
Boll-worms and shoot rollers, under normal field conditions. The caged plants, 
however, escape this injury, and as a result the height of their main stems is greater, 
and they have a larger number of primary sympodia than the control plants, so t.hat 
ultimately the caged plants present a more regular conical appcarance (Plate IX. 
:Figs. 1 and 2). 

TABLE XXIV 

Number of primary sympodia per plant and the average height of the caged and the 
uncaged plant8 

Plante No. of Average 

- Year uuder obaer. primary height of 

vation .,mpodia maiD atellUl 
per plant 

0_ 
Caged . · · · · · 1925·26 8 26·8 89·0 

Non.caged · · · · · 1925·26 25 6·7 38·0 

Ca.ged · · 1926·27 10 23·0 82·7 

Non.caged · · · · · · 1926·27 20 IH 59·2 

Caged . · · · 1927-28 18 29-1 109·0 

Non.cagod · · · · · · 1927·28 16 8·6 M·6 

FORMATION AND SHEDDING OF FLOWER-BUDS AND BOLLS 

The flower-buds begin to appear about the same time both on the caged and the 
uncaged plants. During some of the seasons, most of the earliest formed flower
buds drop away, due to unfavourable environmental conditions, and then followa 
a period of rapid development of flower-buds. It is, however, about this time that 

" 



FIG. ~. Right: ~otton plant protected from boll-worm by night-caging. 
Left: -Unprotected plant. 

FIG. 2. Dingrnmmnt.~l' Sk ... tl'h of n cotton pl'lIlt gnnnl fl'€'t' hom boll-worn. 
by ni!!ht-c:)ging. 



PLATE IX .. 

FIG. I . .Right: -Cotton plant proteeted from boll-worm by night-caging. 
Left: -Unprotected plant. 
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FIG. 2. DiagrammAtic sket,'h of a cotton plant grown free from boll-worm 
by night-raging. 
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the Spotted Boll-worms begin their attack on the .developing buds, and we have 
seen that the attacked buds shed in large numbers every week from the unprotected 
plants. In the absence of this damage the number of developing flower-buds on the 
caged plants soon increases, and an intense flowering can be seen on these plants 
very much earlier than in the case of t.he control plants (Appendix I, Tables XIV, 
XV and XVI). 

Later on when the flowering commences on the uncaged plants, the earliest 
flowers and young bolls fall a victim to the boll-worms in large numbers and hence 
the boll-development is delayed. It is important to note that a· very large percent
age of the earliest flowers develops into mature bolls on the caged plants, whereas 
the suecess of early flowers into bolls is comparatively very low on the uncaged 
plants. It is also necessary to note that as soon as a certain number of bolls have 
begun to develop on the eaged plants from the earlier flowers, the later flowers drop 
away in large numbers (Appendix T, Tables XVII to XIX). (Plate X.) 

It can be seen from the tables me!ltioned above that the difference between the 
periods of flower-bud formation, flov:er-opening, and boll-development was very 
marked during 1926-27. This difference is shown in graph form in Plate XI. 

The early intensity of flowering and a larger success from the first flowers natur
ally leads to an earlier crop of kapas from the caged plants, and in some years th(' 
kapas is ready for picking on the caged plants 4 to 6 weeks earlier than in the general 
cotton fields. 

The numbers of flower-buds which open into flowers and of flowers which 
develop into mature bolls on the caged and the uncaged plants are analysed below: 

TABLE XXV 

(Plants spaced 3 feet by 3 fe.et) 

No. of Percent- I Percent· Percent. 

No. of flower. No. of age of No. of age of age of 
flowers flowers bolls ma.ture - plants buds opened to matured ma.ture bolls to 

observed formed bolls to 
, per plant per plant flower. per plant flowers flower. 

buds buds 

1925·26. 
13·7 Caged plants 8 229 89 38·9 31 35·4 

Control plants 25 257 73 28·9 28 38·3 10·97 

1926.27. 
Caged plants 10 243 89 36·6 33·0 37-7 13·7 
Control plants 20 297 59 19·9 24·0 40·2 7·97 

1927-28. 
·Caged plants 20 445 166 37-4 56 33·8 12·7 
Control plants . 16 411 96 23-4 37 38·4 9·0 
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From column No.4 of the above statement it is seen that during the S leasonl 
under consideration, the percentage of flower-buds that opened into flowers on caged 
plants varied between 36·6 and 38·9, whereas in the case of the non-caged plant. 
this percentage varied between 19·9 and 28·9. It will be evident from these figures 
that a very much larger proportion of flower-buds open into flowers on the cotton 
plants when they are protected from the boll-worms. 

Column No.6 of the same statement, however, indicates that the percentage 
success from flowers to mature bolls on the caged plants is slightly lower than on tho 
non-caged plants. This is probably due to the fact that a disproportionately higher 
number of flowers open on the caged plants and hence the percentage of the flowers 
ultimately retained on them as mature bolls declines to a small extent. The ulti
mate success of the flower-buds into mature bolls on the caged plants, &I can be leen 
from column No. 7 of the last statement, was higher than on the uncaged plants 
during all the three seasons. The percentage succe88 of flower-buds to bolls on the. 
caged plants during the three years varied between 12·7 and 13'7, whereas it varied 
between 7·9 and 10·97 in the case of the control plants. 

The last column will further show that the caged piants produced 11 to 51 per 
cent more mature bolls than their controls during the three seasons under consi
deration. During 1927-28, kapaa from these plants was weighed and it W&l found 
that the caged plants produced 100 grams of kapaa per plant, and the uncaged plantl 
66 grams. The caged plants thus produced 52 per cent more kapaa during that 
season. 

20 plants were grown by night-caging on the Broach Farm during 1927-28 and 
parallel observations are given below: 

-

Caged plaote 

Noo-eaged plante 

TABLE XXVI 

Oaged and uncaged planl8 on Broach Farm 

1927-28 
-

Pereen~ 
age Perceo~ 

Plante Flower- Flowers Bolla 80wen age 
observed buds per per plant per plant to boU. to 

plant 80wer Bowen 
bnda 

19· 677 25& III 87-7 8S·7 

12 5~ 177 66 83·4 87-1 

Pe..,.,..~ W.lghl 
aMe 

bolla to of "1''' 
80wer ~Toc..." baa 

Ill-' 13·77 

12-6 .-11 

These caged pla~ts yielded about 25 bolls more per plant than their controls 
and produced about 66 per cent more kapaa. 

The observations, mentioned so far, though made on a small number of plants, 
clearly indicated .that if the cotton plants eouid be grown free from boll-worms, they 
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would grow into better plants in various respects and would undoubtedly produce 
a larger number of bolls. The crop would besides be ready about 4 to 6 weeks earlier. 

NIGHT CAGING ON A LARGE SCALE 

More extel18ive trials were undertaken during the next three seasons of 1928-29 
1929-30 and 1930-31 at Surat, in order to get a more significant idea about th~ 
increase in the yield of kapas which would result if the boll-worms were elimina.ted. 

During each of the three seasons, a plot of about one acre. was reserved for 
growing cotton, and the plants were spaced 4 feet by 4 feet. The plot was divided 
into three blocks, and the central block was used for caging the plants. More than 
100 plants were marked out in groups of three, because each mosquito net could 
only cover 3 plants. A similar number of plants was also marked out in each of the 
two side blocks in groups of 3 plants, and these groups were located in the same 
design as in the central block. 

These plants were not tampered with, for making any detailed observations, 
until the bolls matured. The kapas from sound and damaged locks from ea.ch one 
of these plants was collected and weighed separately. 

MONSOON DURING THE SEASONS, 1928-29, 1929-30, 1930-31 

A note upon the peculiarities of the monsoon during the three seasons of these 
trials will be useful for a better understanding of the performance of the plants under 
observation. 

During the season of 1928-29, the total rainfall was a good deal lower than in the 
other two seasons (Appendix I, Table VII). It was, however, well distributed, 
and, the rainfall during the months of July and August being moderate, conditions 
for vigorous growth of the plants prevailed during the earlier part of the season. 

During the next year, 1929-30, out of the total of about 48 inches, 33 inches of 
rainfall was received during the first fortnight of July. This necessitated the resow
ing of cotton which was done on the 17th of July 1929. 

In 1930-31 also the total rainfall exceeded 40 inches but it was very much better 
distributed. On the 29th of October, a severe storm passed over Surat accompanied 
by rainfall (95 cents) and in several plots even the cotton plants were lodged to the 
ground. 

GROWTH OF CAGED PLANTS 

Althou!Yh detailed growth records of these plants were not maintained, the general 
observatio~ showed that the caged plants during all the three seasons were much 
earlier in flower-bud and boll-formation than the uncaged plants, and finally it was 
possible to collect kapas from these plants about 4 to 6 weeks earlier than from the 
general field plants (Appendix I, Table XX). 
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TABLE XXVII 
Period of picking of kapas from the caged and uncaged plant' 

Year From caged plantA From uneaged plant. 

1928-29 7th January 1929 to 7th March 8th FebruAry 1929 to 22nd MArch 
1929. 1921l. 

1929-30 1st JAnuary 1930 to 11th FebruAry 20th February 1930 to 24th March 
1930. 11l30. 

1930-31 · 5th JAnuary 1931 to lOth March 20th February 1931 to 19th March 
1931. 1931. 

During the first two seasons the effective crop of kapaa from the caged plants 
was collected before the end of February. It was slightly delayed during 1930-31 
due to the storm of 29th October 1930 which destroyed a very large number of 
developed flower-buds and bolls from the caged plants. It was, therefore, scen that 
normally January and February would be the months of harvesting of kapaa instead 
of February and March if the crop is saved from the boll-worms. 

When aU the pickings were over, aU the plants from the cages and the Northern 
oontrol were cut at the ootyledonary nodes and were hung up in the fields for being 
dried for about 3 weeks, and their air-dry-weights were recorded. All the 
remaining leaves from these plants were nipped out before outting the plants. 

The weights of these plants were recorded for oomparing the growth of the caged 
and uncaged plants and for oomparing the kapaa produoed by these plants in rela
tion to their final dry weights. 

TABLE XXVIII 
Dry weight of scaffo1iJing and crop 

Average AverAge Amount of 
No. of weight of ItapM pro-- pl&nts dry weight ItapMper duoed to 

observed of pl&nta pl&nt in unit dry 
ingrms. grma. weight 

1928-29. 
236-8 1-16 Caged pl&nts • · · · · · 89 204-0 

UncAged pl&nts · · · 104 137-3 130-6 0-96 

1929-30. 
92·1 174-0 1-89 CAged pl&nts • · · · · · 113 

Uneaged pl&nts · · · 112 99-2 113·2 1-1, · 
1930-31. 

98-7 169-7 1-62 Ca.ged pl&nts • · · · 118 · 126-2 150-0 1-19 Uneaged pl&nts · · · · · 116 
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It was found that during the first season the dry weight of the caged plants was 
distinctly higher than the controls. Their weights di~ not differ to a great extent 
during the second season, but during the third season the dry weight of the caged 
plants was distinctly lower. The capacity of the caged plants for producing kapas 
per unit dry weight, or, in other words, the yield efficiency of the caged plants for 
a given weight of their expanse, was higher during all the seasons and was particu
larly marked during the last two seasons. 

INCREASED YIELD DUE TO CAGING 

The caged plants produced more kapas than the control field plants during all 
the three seasons. This increase, however, varied considerably. During 1928-29, 
the caged plants yielded 81 and 102 per cent more kapas than the two controls 
respectively. During the next season this increase over the control plants amounted 
to 53 and 54 per cent and during the third year of these trials, the caged plants 
produced only 6·5 and 15 per cent more kapas than each of the two sets of controls 
respectively. 

TABLE XXIX 

Yields of caged and uncaged plants at Surat 

1928·29 1929-30 1930-31 

Kapa. Percentage Kapa. Percentage Kapa. Percentage 
increase - Plant,. 

pY:~t 
Increase Planta 

p~:~t 
Increase PIBnla per of yielc obser~ of yield obser~ of yIeld obser- plant over the ved In over control ved In Over control ved In control grms. plants gnns. planla grm •• planla 

---
Caged pl8nla 99 236'6 .. 113 174'0 .. 118 159·7 . . 
Uncaged plants 104 130·6 81 per cent 112 113'2 54 pf'f cent. 116 150'0 6-5 per ('cnt 

(North-control). over tho over the Qv('r the 
North North North 

Control. Control. Control. --- ---
Unca~"ct planla 100 117'4 102 per cent. 112 113·8 53 P<'f cent-. 118 138'5 15 per cent 

(South control). over the over the over the 
South South South 

Control. C<>ntrol_ Control. 

INCREASE IN THE YIELDS OF CAGED PLANTS IN RELATION TO THE INCIDENCE OF BOLL

WORMS .AND OTHER ENVIRONMENTAL CONDITIONS 

It might be expected that the differences in yield, between the plants, protected 
nnd unprotected from the boll-worms, should vary according to the intensity of the 
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infestation of the Spotted Boll-worms; and that it may therefore be inferred that 
the incidence of the boll-worms was the highest during 1928-29 and the least during 
1930-31. A careful scrutiny of the weekly records of the population of the Spotted 
Boll-worms in cotton fields (Table XXII) will not, however, warrant such an infer
cnce. In fact the observations show that the intensity of infestation by the Spotted 
Boll-worms was almost similar during the last two seasons, and that it was a little 
lower during 1928-29, when the highest differences between the caged and the non
caged plants were recorded. 

Information upon the incidence only of the Spotted Boll-worms is insufficient 
to account for the seasonal difierences between the plants, protected and unprotected 
from this pest, and it is necessary to study the variations in the other environmental 
conditions as well. It was not within the scope of this enquiry to study in detail 
the effect of all the various environmental conditions on the plant growth; but the 
outstanding factors which apparently affect.ed the differences between tb caged 
and uncaged plants must be briefly discussed. 

It has been shown that flower-bud formation, flower opening and boll-develop
ment take place very much earlier on the caged than on the uncaged plants, and that 
their kapaa can be collected about 4 to 6 weeks earlier. This means that the caged 
plants pass through all their stages of growth 8 few weeks earlier than the control 
plants,. and consequently the environmental conditions of soil and climate at the 
various stages of life of both sets of plants are not identical. 

Generally, the soil and climatic conditions are more favourable for plant growth 
during the earlier part of the growing season, and they, therefore, help to increase 
the difierences between the caged and the uncaged plants. 

During the month of July at Surat heavy showers of rain are usual, which cause 
water logging of the soil. These heavy showers were not received during 1928. 
The total rainfall of the season was not very heavy and it was well distributed. 
Conditions for plant growth were therefore favourable during the early part of this 
season, and consequently the caged plants grew vigorously, and ultimately their 
average dry weight was found to be 204 grams per plant, i.e., about twice the average 
w~ight for the other two seasons. The uncaged plants also flourished during thil! 
period but their growth was hampered, and their period of flower-bud formation 
and boll development was delayed, due to the damage caused by the Spotted Boll
worms during the months of September, October and November. They could not, 
therefore, take full advantage of the favourable environmental conditions which 
were available during the early part of the season. There was, therefore, a wide 
difference between the yields of the caged and uucaged plants during this season. 

During the next season, there was a very heavy rainfall during July, and the 
conditions were not quite as favourable for very early growth as during the previous 
season. The conditions, however, improved considerably after the end of July, 
and ultimately the caged plants yielded about 54 per cent more 1capal than their 
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controls although the final air-dry-weight of the caged plants was slightly less than 
that of the uncaged plants. . 

In 1930-31, the caged plants were progressing quite satisfactorily, and flower
opening had commenced on these plants during the month of October, when flower
buds had just commenced to develop on the uncaged plant. A storm passed over 
Surat on the 29th of OctQber and all the plants were rudely shaken and a few of 
them had their branches broken. The result of this storm was more disastrous 
to the caged plants because they had very much advanced in growth and therefore 
lost many of their developed forms. During the period of about 5 or 6 days after 
the storm, 8,105 shed flower-buds and 2,520 young shed bolls' were collected from 
all the caged plants. Thus the caged plants after having lost most of their developed 
forms, had to begin afresh, practically even with the non-caged plants, and hence 
the difference in the yields of the two sets of plants was meagre. 

It is, therefore, seen that the other environmental conditions play an important 
part in increasing or decreasing the'seasonal differences in yields of kapas from the 
plants protected and un-protected from the boll-worms. The balance in favour 
of the boll-worm free crop may be masked, in abnormal seasons, by the depressing 
effect of other factors in the environment. 

CAGED PLANTS AND THE RED COTTON BUG 

Red cotton bug (Dysdercus cyngulatus) is not a serious pest at Surat. However, 
it was found that in November 1929, a large number of these bugs began to appear 
only on the caged plants, and their numbers increased considerably during the 
month of December. Nearly 1,450 were collected from the caged plants during 
that season to save the developed bolls from their injury. In 1930-31, again a very 
large number appeared on the caged plants during boll development period, whereas 
they were rarely noticed on the general crop. 

The apparent reason for this concentration is that the bugs prefer well developed 
bolls for their attack, and a large number of these are found on the caged plants 
at a time when such bolls are rarely met with on the general crop. 

CAGING AND THE QUALITY OF kapas 

It has already been stated that the kapas from the sound and the damaged locks 
. from all the bolls of the caged and the uncaged plants was collected and weighed 
separately. The damaged kapas consisted of locks which did not develop normally, 
either due to the damage of the boll-worms (Earias fabia, Eanas insulana and Plc1J 

yedra gossypiella), or due to other causes. 
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TABLE XXX 

Proportion o/kapas/ram sound and damaged locks 

, 
SALJ:ABL. 1calKU PBB 

PUNT IN GRAMS 

Total1cal'a. - per plant 
From From ingrma. 
BOund damaged 
locka locb 

1928-29. 

Caged plants 221-1 16-4 238-6 

Control plants 105-5 25-1 130-8 
- . 

1929-30. 

Caged plants . 171-8 2-2 174·0 

Control plants . 107·9 6-3 113·2 

1930-31. 

Caged plants . . 152·2 7·9 160-1 

Control plants . 140·7 9-4 150·1 

A further classification of the number of locks which yielded saleable and unaBle
able kapaa, and which were partially or completely destroyed by the boll-worms, 
will be found in Appendix I, Table XXI. 

After the pickings of kapas from the caged and the uncaged plants were over 
during 1929-30, we found that the kapas from the caged plants appeared distinctly 
coarser. All the kapas from the good locks from both the groups of plants was, 
therefore, ginned and it was found that the ginning percentage of the kapaa from 
the caged plants was 37'3, whereas it was 34·4 in the case of the kapaa from the 
uncaged plants. 

This difIerence was naturally attributed to the fact that the environmental condi
tions for the developme{lt of bolls from the caged and uncaged plants were not iden
tical. 

In order, therefore, to get a better idea of the effect of caging on the quality of 
kapaa, all the lint from the good locks of the caged and the Uncaged plants, groWn 
during 1929-30 and 1930-31, was sent to the Matunga Technological Laboratory 
for spinning tests. The detailed reports are given in Appendix II. 

It will be seen from these reports that the lint from the caged plants of 1929-30 
was valued at Rs. 150 over the contract rate, whereas the control sample from the 

" 
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uncaged plants was valued at Rs. 120 over the contraot rate. The lint from the 
caged plants of 1930-31, however, was valued at Rs. 70 over the contract rate, 
whereas value of the control sample of that season was Rs. 75 over the contract rate. 

It is also interesting to note that the staple length of the lint from the protected 
plants was full Ii inch, whereas it was Ii in the case of the lint from the control 
plants of 1929-30. There was, however, no difference in the staple length of the 
two samples during the next season. 

In spite of all this, it is essential to remember the concluding remarks 
of the Director of the Technological Laboratory, Matunga. In his first report, 
he says "The lint from the caged plants, though possessing a somewhat longer 
staple, is decidedly coarser and rather inferior in spinning performance to the lint 
from the control plants." 

In short, the various observations mentioned in this chapter have shown that 
if the cotton crop were saved from the Spotted Boll-worms, not only would damage 
to the various parts of the cotton plant prevented but the crop would be able to make 
full use of the environmental conditions for growth which are generally more favour· 
able during the earlier part of the growing season; and that the crop would be ready 
earlier bY,about 4 to 6 weeks with the ultimate result that we could normally 
expect a substantial increase in the production of kapas. 

STUDY OF CONTROL MEASURES 

In the introductory chapter reference was made to some of the control measures, 
which were advocated by the previous workers. Destructicn of the affected cott.m 
shoots at the commencement of the cotton-growing season, use of bhendi (Hibiscus 
esculentus) as a trap crop and introduction of parasites were some of these measures. 
To study their efficacy under the conditions of this tract was, therefore, a part of 
the programme at the commencement of these investigations. 

1. REMOVAL OF ATI'ACKED SHOOTS 

It has already been stated that it is with the cessation of the mOlliloon that the 
cotton plant· begins to grow vigorously in this tract, and it is then that the Spotted 
Boll-worms begin to multiply rapidly. A majority of the population of these worms, 
during the first few weeks of this growing period is found feeding on the tender 
vegetative shoots (Appendix I, Tables VIII to XIII). Many of the larvae bore into 
the succulent top internodes and destroy the shoots, which wither and dry up. It 
was, therefore, necessary to discover whether, if the attacked shoots were collected 
and destroyed, the further progress of the pest would be checked to a considerable 
extent. 

Two experiments were, therefore, laid out during 1925-26. In the first, ali area 
of one acre was kept under observation during the whole of the period in which the 
a.tt,ack Y'Il,S ~op,ceptrate,!l P)l sb.opts. All tpe .attackm J!AoOt,s, which. conld easily 

'P 
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be observed by an ordinary labourer from the appearance of the withering tops, 
were collected once a week and were examined to note the number of Earia. larvae 
in them. In the second experiment, a fresh group of 1,000 plants was examined, 
a little more critically than in the previous case, and all the withering shoots as 
well as those which showed holes bored by the boll-worms prominently were collected 
for examination. 'The number of larvae found every week was compared with 
the number which was expected to be present. The probable' population in these 
plots was calculated from the number of larvae which were recorded in an exhaus
tive weekly examination of 25 cottOn plants. (Appendix I, Table VIII.) 

. TABLE XXXI 

Number of Earias larvae collected from shoots from the two plots and the expected popu
lation of larvae from each of them 

Total 
ONB "'CBB PLOT (ABOUT 4,800 1,000 nllBB PLAJITI EVIIBT 

l'LAl(TS) Wllllit 
popula. 
tion of 

Weeks. Ecwia. Expected Expected larvae 
from Withered No. of popula. Attacked No. of popula-

25 shoots Earia. tion of shoots 
Earla. tion of 

larvae Earla. larvae Earilu 
plants larvae larvae 

-
19th Sel'tcmber 1925 · 32 86 25 6.144 282 139 1,280 

26th September 1925 · 48 53 19 9,216 313 154 1,920 

3rd October 1925 · 48 33 6 9,216 240 94 1.920 

10th October 1925 · 43 27 6 8,256 248 132 1.720 

17th October 1925 · 68 25 5 13.056 178 97 2.720 

24th October 1925 87 41 15 16,704 232 104 3.480 

31st October 1925 • 73 21 3 14,016 194 88 2,920 

7th November 1925 · 45 16 Ntl 8,640 131 30 1,800 

.. 

The comparison showed that the number of larvae removed from the plot of an 
acre was almost insignificant, compared with the population expected to be present 
in that area and the number of larvae collected from a fresh group of 1,000 plants 
every week showed that hardly ten per cent of the total population of the boll
worms, calculated from the detailed examination of twenty-five plants, would be 
destroyed even on careful search. 

It is thus seen that only such shoots, whose damage can be easily noticed, ~an 
be collected by this method, and that there is a very large percentage of population ... 
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~hich remains over in the fields as the damage caused by them is not easily percep
tIble. Much significance cannot, therefore, be attached to this method of.con
trolling the Spotted Boll-worms by collecting and destroying such of the attacked 
shoots as can be easily observed by the cultivators. 

2. TRAP CROPS 

Bhendi (Hibiscus esculentus) is known to be a favourite food plant of the Spotted 
Boll-worms, and its cultivation in the cotton fields has been advocated for trapping 
these worms. [Javeri,1921]. It was therefore necessary to al!certain the effect 
of using this trap crop as a control measure. 

In most of the villages round about Surat, bhendi is grown at the commence
ment of the monsoon and large quantities of bhendi pods are available in the Surat 
market during the months of August and September. The plants from these plots 
are severely attacked by the Spotted Boll-worms, and by the month of October 
even the pods which are sent to the market from these plots show a considerable 
amount of infestation. 

TABLE XXXII 

Bhendi pods purchased from the Surat market 

Date of examination 
Weight of No. of pods No. of Earia.s 
the pods examined larvae 
examin~d 

10th August 1929 · 3 144 1 

17t·h August 1929 · 5 271 4 

24th August 1929 . . · 5 181 5 

31st August 1929 · · · 5 215 6 . 
6th September 1929 · . 5 213 7 

13th September 1929 · · . 10 388 18 

20th September 1929 · · 10 443 27 

28th September 1929 · · 6 202 30 

4th Ootober 1929 · · 6 209 22 

12th October 1929 . · · · 6 259 55 

16th October 1929 · 5 229 69 

The plants from these plots finish their life by the end of October just when the 
cotton plants begin their vigorous growth and the Spotted Boll-worms begin to 

D2 
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.increase in the cotton fields. All the Earw population liberated from the bhendi 
plots.naturally transfers its attention to the neighbouring cotton crop. 

What actually happens is that the good pods are picked out and the affected 
pods mostly remain on the plants, and even if the plants are destroyed at the end 
of the season along with the larvae feeding on them, the pupae in the soil and the 
adult moths at any rate escape destruction. 

Observations at Jalgaon (East Khandesh) during 1929 showed that a few rows 
of bhendi were generally sown in the cotton plots, and that these plants grew luxuri
antly and had a large population of Spotted Boll-worms on them (Appendix IV, 
Table II). Further it was noticed that in Khandesh the life of the bhendi plants 
was over long before the cotton crop was ready and the result was that the Earial 
population on the cotton crop suddenly increased as soon as the bhendi crop was 
over (Appendix IV, Table I and Plate XXU). Similar observation during 1930 
showed that the Earias population on monsoon bhendi was meagre during the 
months of August and September due to heavy rainfall, and consequently the 
increase of the Spotted Boll-worms on cotton was more gradual than during the 
previous season. 

It was, therefore, considered that the method of growing blumdi in the midst of 
cotton areas was harmful to the cotton crop, and it was probable that bhendi as a 
trap crop would only be useful if it continued its life and trap these worms till 
the cotton crop was over; or at least till the end of December when the EaM 
population normally declined. 

Difierent varieties of blumdi were, therefore, tried both at Surat and Jalgaon for 
selecting a type which would be most suitable as a trap crop. An attempt was also 
made to sow these varieties late in the season in order to delay their growing period. 
The names of the varieties are given below:-(l) Surat 5, (2) Surat 9, (3) Katai 
o"Mndi (from Khandesh), (4) American long green, (5) American dwarf green and 
(6) American white velvet. In Jalgaon in addition to these varieties II Nasik .. 
b"Mndi was also tried. 

LATE SOWIllTGS' 

At Surat the first sowing of bhendi was done on the 26th of June, and these plants 
came on well. The plants sown in the middle of July made fairly good growth. 
The germination, however, was very defective in the case of sowings made after the 
middle of August, and the plants which germinated were very poor in growth. 

In Khandesh also the June sowing was successful but the later sowings, which 
were repeated every fortnight, gave very poor germination and the growth of the 
few plants which germinated was very poor. 

COlrrPABISON OJ' TlfB VARIETIES GROWllT AT SUBAT 

All the varieties, except the Katai bhendi sulIered heavily from the attack of 
Jassids, which co)Il)IleJlcesi frO}D. the 1Iliddle of August apd continued till the e~4 , . 
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of September. Aphis infestation also appeared on these plants during this period 
but was soon checked by lady-bird beetles. -

It was further noticed that manuring was necessary at Surat to secure satisfactory 
g~owth of these plants. The plants which were manured at the time of sowing 
With castor cake grew satisfactorily, whereas the plants from the un-manured plots 
remained stunted. 

Twenty-five plants of each of these varieties were kept under observation and 
the mature pods from these plants were collected, as they became ready, and Wl're 
examined for Earias larvae (Appendix I, Tables XXII, XXIII and XXIV). 

Surat 9 began to -yield pods in the last week of August, ,,"hile pods could 
be collected from Surat 5 from the 5th of September. Surat 5 and Katai bltendi 
from manured plots continued to yield pods practically till the end of January and 
many of these pods were infested by boll-worms. Katai bltend-i is a hardy plant 
with rough leaves and pods. It is a shy bearer and attracts a smaller number of 
Spotted Boll-worms than the other types. 

All the American varieties turned out to be very late and began to bear pods 
at Surat from the beginning of December, and continued till the end of January. 

On the whole it appeared that Surat 5, if manured at the time of sowing, would 
continue to trap the worms almost throughout the cotton-growing period and would 
therefore be a suitable type for trying as a trap crop at Surat. 

VARIETIES 'l'RII!:D IN KHANDESU 

At Jalgaon, Nasik type of blIemli was the earliest to bear pods and to attract 
the Earias boll-worms. Nasik and Surat 9 fiullihed their life at the end of October, 
whereas Surat 5 continued to bear tiil January. The American typcs began to bear 
at the end of September and continued till January (Appendi'{ I, Tables XXV, 
XXVI and XXVII). 

It appeared that it would be necessary to sow a mixture of Nasik and Surat 5, 
or Nasik and one of the American varieties, at the commencement of the monsoon 
to get a continuous stand of bhendi plants for trapping the boll-worms. 

INFESTATION oN COTT( N SURROUNDED BY bhendi PLANTS 

These trials indicated a possibility of securing a continuous stand of bhendi plants 
during the cotton-growing season but it was necessary to judge the extent of Earias 
population on the cotton plants growing in close proximity of bhendi. A plot of 
cotton (of about 10 gunthas) was laid out at Surat surrounded by two rows of Surat 
6, and two rows of Surat 9. The population of Earias larvae from 25 plants of 
cotton from this plot, was determined thrice during the season. Similar population 
records, from 20 plants each time, were available for comparison from a distant 
plot of cotton in the same field. 
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TABLE XXXIII 
25 l'LA.HTS nOll l'LOT B17RBOUHDBD BY bMftdi 

No. of No. 01 E..-
No. of E..,;a. B..,;a. No. 01 laru. B.riM 

Date of examin .... flower- larvae No. 01 larva. n.te 01 examln .... low ... I. Jlo.oI Jar .... 
tlon bucla In bolll In tInB buda low .... 110111 I" 

lIow.r· IIoIIa 
buw. bolla bucla 

----~ ,-- ,-----
4th November 1930 298 23 .. .. 911t October 1990 2110 1& .. .. 
3rd De.ember 1930 1,988 U .. ., 29th 

1930. 
November l,nt U .. .. 

10th January 1931 1,572 8 1,050 13 3rd Janoa..,. 1931 2,187 • 728 • 
Percentage of f1ower·bocla with B" ..... larvae= 1'(1. 
Percentage 01 bolls with E",ia,larvae=I·2. 

Percentatte 01 80wer·budo with Ear/Iu larvae-l·l. 
Percentage of 110111 with "GriM larvae-I·II. 

These results showed that the attraction of bTulndi was not strong enough to 
reduce the infestation on the neighbouring cotton plants. On the contrary, it 
appeared to be slightly higher; probably because the moths attracted to the bhendi 
plants infested the neighbouring cotton plants as well. 

THE UTILITY OF bhendi AS A TRAP CROP 

BTulnrli is no doubt a favourite food of the Spotted Boll-worms, and a large number 
of these insects can be collected from these plants. If a short season variety is 
grown at the commencement of the monsoon, it helps to breed a very large number 
of Earias population, and the destruction of these plants with EariaB larvae and 
eggs still leaves the pupae and the moths to continue the damage to the cotton crop. 
It has been found possible to secure a continuous stand of bhendi plants during the 
cotton-growing season, but the attraction of bhendi is not so strong as to prevent 
the infestation on the neighbouring cotton plants. 

It would, however, be very difficult to ensure concerted action from the cultiva
tors in picking out and destroying the affected bhendi pods at regular intervals 
before the larvae feeding on them go to the soil for pupation. 

It has been shown that bl>.endi, being a more suitable food for these worms, accele
rates the multiplication of this pest (page Nos. 9 & 10). Besides this, experience at 
Surat showed that Earias larvae feeding on bhendi plants were practically immune 
from the attack of the two important parasites, viz., Microbraoon lefroyi and ..4.ctia 
aegyptia. Time after time, large quantities of bhendi pods were examined during 
the course of the work of nearly seven years, but the presence of a caterpillar of 
Earias, attacked by Microbraoon lefroyi or ..4.ctia aegyptia in these pod. was extremely 
rare, even at a time when the parasites were abundant in the cotton fields. This 
naturally afforded more favourable conditions for the increase of this pest. 

While no definite conclusion, that bhendi is effective as a trap crop in the 
control of Earias boll-worms, can be stated upon trials restricted to a single 
season, the indications are against the possibilities of its successful use and that the 
disadvantages of growing these plants in the midst of cotton areas .ould be greater 
than the advantages. 
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3. PARASITES OF THE SPOTTED BOLL-WORMS 

The following seven parasites of the Spotted Boll-worms were found during our 
investigations at Surat. -

(1) Triclwgramma sp. 
(2) Microbracon lefroyi D. and G. 
(3) Rhoga8 testacwus Grav. 
(4) Actia aegyptia Vill. 
(5) Apanteles sp. 
(6) Ohelonus sp. 
(7) Mewha nersei Cam. 

We are indebted to M. A. Husain (Punjab) for the identification of most of these 
parasites. 

All the important parasites of the Spotted Boll-worms, noted in other provinces, 
were thus present in this tract also, and there were no chances, therefore, of import
ing and establishing a new parasite from any other locality to effect control in Surat. 

Observations during the first two or three seasons at Surat showed that the 
population of the Spotted Boll-worms in the cotton fields considerably declined 
every year at the end of December. At first though it appeared that the decline 
was purely due to the cold weather; but it was also observed that during November 
and December the following three parasites were active at Surat; and therefore, 
it was considered that the reduction in Earias population must be partly, if not 
wholly, due to the activities of these insects-

(1) Rhogas testaceous Grav. 
(2) Actia aegyptia Vill. 
(3) Microbracon lefroyi D. and G. 

It was, therefore, decided to study the life and habits of these parasites. 

Rlwgas testaceous Grav. 

This parasite is present throughout the year in the cotton fields at Surat, except 
during July and August. During September and October 1925, out of 1,014 Earias 
larvae collected, 22 caterpillars (i.e., about 2 per cent) were attacked by this parasite. 

A few attempts were made to observe the behaviour of this parasite in captivity. 
Pairs of the adult parasites were placed in round glass jars about 4 inches in diameter 
and 5 inches in height. Host larvae of different sizes were offered to the parasites, 
but it was found that they preferred only the small ones, which were only 3 or 4 days 
old, for laying eggs. The parasite repeatedly stung the larva until it was fully 
paralysed and then thrust its ovipositor in its body and laid a single egg. Each 
female laid only 2 or 3 eggs in a day. The larva recovered within a few minutes and 
began to feed. In September the parasite larva became fully fed within 6 to 8 days 
after the egg was laid, and was ready to pupate. At this time the host larva 
succumbed and the parasite pupated in its body. The body of the host caterpillar 
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swelled to accomodate the full gro\Vn parasite and hence ita intersegmental chitin 
.was exposed. Before the host caterpillar succumbed, it generally came out of the 
bud or boll where it was feeding, and fastened itself to a bract of a flowf1r-bud or 
flower, or to any other part of the plant. From the time of the death of the hOtlt 
larva, it took about 7 to 9 days for the adult parasite to emerge. Thus the whole 
life-cycle took about 13 to 17 days during September and October. Such parasitiBed 
caterpillars could often be seen in the cotton fields and they could be easily recog
nised by their characteristic appearance. This parasite cannot be considered 
to be a very important one as its capacity for multiplication is found to be very low. 

Actia aegyptia Vill. 
This fly was observed at Surat for the first time in November 1923, and it con

tinued to breed till the end of July 1924. It reappeared again in October 1924 and 
Was found to increase in numbers till the cnd of December 1924. It generally 
appeared every year in October or November when the Eariaalarvae began to feed 
on the flower-buds. During September and early in October a large number of 
Earias larvae were feeding on the shoots of the cotton plants but only one larva 
parasitised by this fly was found in the shoots. So also the Eariaa larvae in bhendi 
pods were never found attacked by this fly, although a very large population of these 
worms was present on the bhendi plants when this parasite was active in the cotton 
fields. 

During September and October 1925, of 1014 Eariaa caterpillars, 69 were found to 
be parasitised by this fly. Both Earias fabia and Eariaa inaulana were attacked 
by this parasite. 

All attempts to breed this parasite in the laboratory failed and further informa
tion about its life and habits could not be secured. 

Microbracon Zefroyi D. and G. 
This has been a well-known parasite in India since Lefroy recommended its 

importation in the Punjab after the failure of the cotton crop in 1905 [Lefroy 1906, 2}. 
In Bombay Presidency the presence of this parasite has been noted in Gujarat, 

in Khandesh, in Karnatak and in Jamrao canal tract of Bind. 
Life of the adult.-The average life of the adult WaS found to vary from about 

11 to 31 days during the different months at Burat. During November a:J.d 
December some of the adults lived for 58 and 59 days, i.e., for nearly 2 months. 

Mating generally takes place on the day of emergence, or on the second day, 
and is repeated several times during the period of their life. No eggs are laid by the 
female wasp on the day of its emergence, and frequently a week or more elapses 
before oviposition commences under laboratory conditions, but it is not known if 
such an interval exists under natural conditions also. Normally oviposition begins 
on the second or third day after emergence of the female. Eggs are laid partheno
genetically also, but in such cases the progeny consists of males only. 
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TABLE XXXIV 

Period of adult life of Microbracon Jefroyi D. and G. 

Month of emergence of tho parasite '"'0. of cases A "~cralJ'e life Maximum life of 
observed in .L.ys an adult in days 

August 1926 2 14 21 
September 1926 17 12 21 
October 1926 . 29 15·6 38 
November 1926 49 22 58 
December 1926 17 31 59 
January 1927 9 25 48 
February 1927 22 26·6 41 
March 1927 10 15 27 
April 1927 3 11 22 

-
Occasionally a few female parasites refused to lay eggs in captivity, although 

they continued to live for several days. 

Oviposition.-The eggs are laid at any hour of the day time but the parasites 
are most active in the morning between 8 to 10 A.M. 

Only fully grown Earias caterpillars are selected for oviposition, and both Earias 
Jabia and Earias insulana are attacked. The host larvae are completely paralysed 
before eggs are laid. Earias caterpillars, freely moving about in the cage, were 
never attacked by these parasites. Oviposition was observed only when the host 
larvae were enclosed in their food, such as a piece of bhendi, a Hower-bud or a boll. 

The female parasite locates the larva, which is not visible from outside, by tapping 
the food with its antennae. She then inserts her ovipositor through the hole through 
which the host larva has entered the food, or if the food material is sufficiently tender, 
the ovipositor is thrust through the material, and the caterpillar is paralysed. The 
eggs are then laid in groups of 2 or more on each larva. Instances of caterpillars 
with single eggs are also noticed but more than one is the general rule. The largest 
number of eggs laid 01;1. a single Earias caterpillar was found to be 22, while the 
largest number of eggs laid by a single parasite in one day was 40. 

A few living Microbracon lefroyi were secured from Khandesh and the Punjab, 
and were bred separately at Surat. The capacity of multiplication of all these 
parasites from different localities are shown in the following tables. The number 
of eggs laid by these parasites was recorded only in a few cases beeaus~ the material 
had to be disturbed for counting the eggs, and often the eggs got dislodged from 
the body of the host larva. From Table XXXVI it will be seen that the female 
parasite from pairs No. 14 and 16 laid 310 and 504 eggs respectively. There is a 
great variation in the number of adults obtained from each pair, which is probably 

. due to the susceptibility of the parasites to the unnatural conditions of breeding 
captivity. 
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TaLE XXXV 

Reproductive capacity of Khandesh Microbracon lefroyi in Su,al in 1925 

PERIOD 011' OBSERVATION 

No. of Pair 

To No eggs 
laid 

Pupae 
From 

25th August 1925 12th September 1925 1 55 

28th August 1925 19th September 1925 2 87 

28th August 1925 . 7th September 1925 3 65 

28th August 1925 6th September 1925 4 16 

3rd September 1925 • 27th September 1925 5 64 

3rd September 1925 • 14th September 1925 6 64 

5th September 1925 • 23rd September 1925 7 .. • 
9th September 1925 • 26th September 1925 8 ., 

9th September 1925 • 28th September 1925 9 .. 
lOth September 1925 21st September 1925 10 .. 
13th September 1925 5th October 1925 • 11 .. 
13th September 1925 25th September 1925 12 .. 
14th September 1925 6th October 1925 13 .. 
15th September 1925 3rd October 1925 14 .. 
16th September 1925 21st September 1925 15 .. 
16th September 1925 30th September 1925 16 .. 
17th September 1925 3rd October 1925 17 .. 
24th September 1925 5th October 1925 18 .. 
27th September 1925 12th October 1925 • 19 .. 
26th September 1925 1st October 1925 20 .. 
28th September 1925 16th October 1925 21 .. 
2nd October 1925 16th October 1925 22 .. 
2nd October 1925 7th October 1925 . 23 .. 
2nd October 1925 . 5th October 1925 24 .. 

Parasites refused to lay eggs after the middle of October • 
• Egg oounts tsken In first siz oases only. 

" 

55 

67 

63 

9 

60 

58 

66 

50 

68 

37 

M 

27 

63 

37 

32 

22 

28 

36 

16 

13 

Ii 

25 

8 

8 

Total MaIea P'emaIt!!' adulta 

23 25 48 

20 38 68 

13 43 66 

2 '1 0 

22 33 66 

12 38 60 

10 43 53 

8 18 22 

19 37 56 

9 21 30 

8 20 28 

.. 1Ii 111 

24 16 40 

18 9 27 

8 10 18 

17 4 21 

19 6 24 

8 23 31 

2 8 10 

8 2 10 

4 1 Ii 

3 10 13 

1 3 , 
Ii .. 0 
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TABLE XXXVI 

Reproductive capacity of Microbracon lefroyi at SUrat 

(Parasites obtained locally.) 

1924-27 

PERIOD OF OBSERVATION 

Pair No. of No. of 
No. pupae Dl&les 

From To 

I---
27th October 1924 17th November 1924 1 35 6 

30th October 1924 4th November 1924 2 4 .. 
30th Ootober 1924 13th November 1924 3 82 36 

5th November 1924 • 24th November 1924 4 48 12 

5th November 1924 • 22nd November 1924 5 35 26 

13th November 1924 6th December 1924 6 141 36 

15th November 1924 23rd November 1924 7 12 4 

15th November 1924 3rd December 1924 8 131 59 

16th November 1924 24th November 1924 9 30 23 

24th November 1924 28th November 1924 10 8 5 

26th November 1924 13th December 1924 11 18 8 

26th November 1924 18th December 1924 12 52 42 

26th November 1924 18th December 1924 13 41 31 

29th Janua~ 1925 • 12th March 1925 . 14 125 35 

24th February 1925 19th Maroh 1925 15 38 13 

30th April 1925 21st May 1925 16 not 

25th November 1926 10th January 1927 • 17 .. 70 

25th November 1926 1st Janu~ 1927 18 .. 40 

28th November 1926 8th Janu~ 1927 19 ., 37 

2nd Janu~ 1927 22nd Februa~ 1927 20 .. 68 

No. of 
fem&les 

---
21 

4 

26 

23 

.. 
58 

4 

44 

.. 

.. 
" 

.. 

.. 
64 

15 

noted 

66 

50 

59 

04 

The last two were Dl&ted 1I<ith the Punjab m&les to see if they mterbreed. 

Total 
adults 

27 

4 

62 

35 

26 

94 

8 

103 

23 

5 

8 

42 

31 

99 

28 

136 

90 

96 

122 

53 

REMARKS 

Eggs mid 310 

Do. 95 

Do. 504 

-
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TABLE XXXVII 

Reproductive capacity of the Punjab Microbrncon lefroyi in Sural in 1926-21 

PBRIOD 01' OBSBRVATION 

Pair No. No. of No. of No. of 
mal ... fem&l ... adulta 

From To 

13th December 1926 30th December 1926 1 27 26 li3 

15th December 1926 10th January 1927 2 29 40 69 

23rd December 1926 29th January 1927 3 fli 56 101 

23rd December 1926 31st January 1927 4 M '14 128 

1st January 1927 . lith January 1927 5 .. 5 15 

The eggs are laid externally on the host and within 20 to 30 hours they hatch 
out and begin to feed on the paralysed caterpillar. 

LARVAL AND PUPAL PERIOD 

The larval period consists of 2 to 6 days. It takes 5 to 8 days for the adults to 
emerge from the pupae. The whole life-cycle thus covers from about 8 to 13 daYIJ. 

TABLE XXXVJII 

Period of total life-cycle of Microbracon lefroyi during different mont'" 

No. of eases Priod of life- Muimum period 
Months observed cycle in d&y. of life-cycle in. 

(Average) that month 

November 1926 · · · 18 10 11 

December 1926 · · · 45 12 U 

JaDuary 192'1 • · · · '16 13 18 

February 1927 · · · · · 45 11 13 

March 192'1 . · · · · · 53 9·5 10 

Apri1192'1 . · · · · · 16 '1-5 8 
-
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METHOD 011' REARING THE PARASITES IN THE LABORATORY 

A flat piece of glass, about 6 to 8 inches square was taken and a piece of blot
ting paper of similar size was placed on it. A round glass jar about 4 inches in 
diameter and about 5 inches in height was inverted and placed on this blotting 
paper. The adult parasites were liberated in the jars, and fully grown Earias 
larvae feeding in flower-buds, bolls or pieces of bhendi were inserted. A piece of 
blotting paper was placed on a small piece of glass (1 inch square) and the blotting 
paper was wetted with solution of sugar or honey. These pieces w!lre placed inside 
the jars for providing food for the adult parasites. Fresh solution was offered 
twice or thrice a day. The host larvae along with their food were removed every 
day, and were placed in small sample tubes for recording the emergence of the 
parasites. 

The food of the host larvae usually gave out a lot of moisture which used to 
accumulate on tho sides of the glass cages. Calcium chloride in small sample tubes, 
closed with cotton wadding, was used for absorbing the moisture. 

INCIDENCE OF Microbracon lefroyi AT SURAT 

The Spotted Boll-worms begin to appear on the new cotton crop generally in 
August, and during September and October a large number of them are found 
feeding on the cotton shoots. Microlrracon lefroyi, however, does not appear till 
flower-buds begin to develop, late in October or early in November. Thousands 
of shoots attacked _py EaT'ia8 larvae were examined but only one larva parasitised 
by Microlrracon lefroyi was found in shoots. It appeared that the parasite was 
incapable of attacking the Earias larvae tunnelling into the cotton shoots. Larvae 
feeding in cotton shoots were offered to this parasite in the laboratory. The result 
was that it did parasitise the larvae feeding in tender shoots but not the ones which 
were feeding in comparatively harder internode. The probable explanation of the 
immunity of the Earias larvae feeding on the shoots in the cotton fields seems to be 
that it is only the younger larvae which feed on the tender parts of the shoots while 
the older ones, which are selected by the parasite for oviposition, generally penetrate 
the shoot by making a hole at a lower node where the shoot is very much harder. 

These parasites increase in numbers after the month of October, and in Decem
ber and January most of the larvae, in the cotton fields, which have reached the 
parasitisable stage, are found attacked. During 1928-29 a large number of Earias 
larvae were collected from the shed forms gathered from the cotton fields and the 
number of the caterpillars of the parasitisable agil was recorded; as also the number 
of the larvae which were attacked by this parasite. It was seen that during the 
first fortnight of December, 66 per cent of the big larvae were parasitised by Micro
lrracon lefroyi, whereas during the second fortnight of December this percentage 
increased to 90. In January the proportion of the fully grown larvae decreased 
very considerably, and the ~ew big larvae which could be ~llect~d were all rarl''' 
!,itised b1' 14 icrobrflC()"n lefroy •. 
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TABLE XXXIX 

Larvae parasitised by Microbracon lefroyi out of the total larvae of the parasitisable size 
collected from shed forms in the cotton jie1iJs 

Larvae big Larvae Peroontago 
Total enough to actually of the para-

Period of observation No. of be p&raaitised paraaitised .itised larvae 
larvae by M. byM. out of tho 

oollected kIrov' klroyi bigoDM 

1st fortnight of December 1928 • 128 21 14 67 

2nd fortnight of Deoember 1928 157 10 9 DO 

January 1929 • 178 II II 100 

February 1929 22 2 2 100 

It is interesting to note that Earias larvae feeding in pieces of bhendi pods were 
freely parasitised by this wasp in the laboratory but the Earias larvae feeding on 
bhendi plants were never attacked by this parasite, even during November, Decem
ber and January when the parasite was very common in the cotton fields. A large 
number of big larvae could thus be obtained from bhendi pods, at a time when they 
were very rare on cotton plants. 

No explanation can be offered why this parasite, as well asA-ctia aegyptia, does 
not attack the Earias larvae feeding on bhendi plants. The fact, however, supports 
the conclusion that the cultivation of bhendi must be cODBidered to be harmful to 
cotton, as it allows the rapid multiplication of this pest undisturbed by these two 
useful parasites. 

In the cotton fields at Burat this parasite is present throughout -the cotton
growing season except during the first two or three months, viz., July, August and 
September~ 

Microbracon lefroyi D. AND G. IMPORTED FROM KHANDESH, PUNUB AND 

KARNAT.A.K. 

It has been shown that Microbracon lefroyi appeared in the cotton fields at 
Burat in October or November. It was cODBidered that if this parasite were pre
sent in the cotton fields a. little earlier, or its numbers in October and November 
could be artificially increased by liberating a large number of parasites bred in the 
laboratory, the rapid increase of the Earias population on cotton in October and 
November could probably be effectively checked. It was known that this par ... 
site appeared very much earlier in Khandesh and in the funjab. It was decided 
to get specimeDB from these places and try to breed them at Burat • 

... 
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MicrobrllCQ1l lefroyi FROM Kn.u."'DESH 

. A few of these parasites were brought from Kh!l,!ldesh in August 1925, for multi
plication at Surat. They bred normally until October but refused to lay eggs 
afterwards. (Table XXXV.) 

Live material was again secured from Khandesh in 1925, 1926 and in 1927. 
During 1925 and also in 1926, this was received at Surat in October and practically 
no eggs were laid after arrival. In 1927, the parasites were received in September 
and a few eggs were laid by them in that month. The adults from these eggs, how
ever, turned out to be all males. Thus during all the four years the breeding of 
this parasite from Khandesh did not continue beyond October at Surat. These 
parasites did not interbreed with the local parasites or those from the Punjab. 

Microbracon lefroyi FROM THE PUXJAB 

Consignments of Microbracon lefroyi were received from the Punjab during 
August both in 1925 and 1926 through the courtesy of the Government Entomologist, 
Punjab. These parasites bred quite successfully in captivity at Surat. During 
both the seasons it was found that by April their oviposition declined very con
siderably, and the few eggs which were then laid all developed into males. 

TABLE XL 

Rearing of Microbracon lefroyi from the Punjab at Surat during different months in 
1925 and 1926 

-=J 
!'BOGENY. I No. of 

females 
Month of the which REHABlts emergence of did not 
the female pall1l 

Femaies Total lay Males 
eggs 

August 1926 1 20 7 27 1 The progeny is from 
only one pair receiv-

September 1926 • 9 75 31 106 6 ed from the Punjab. 

October 1926 26 463 155 618 2 

November 1926 42 654 120 774 27 From November on· 
0 

..... rda .. large num-
December 1926 15 120 45 165 6 ber of females and 

.. Iso males wcr e 
January 1927 10 140 32 172 5 taken out for 

0 various otber ex-

February 1927 17 127 56 183 6 periments. 

March 1927 0 5 18 5 23 6 

April 1927 1 3 0- 3 2 . 
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Microbracon lefr01Ji FROM KABNATAK 

A few of these parasites were secured from Karnatak. They could also breeJ 
at Surat quite satisfactorily, but it was not possible to get them very early in the 
season as the cotton crop in Karnatak is sown even later than the crop at Surat. 

It was observed that these parasites from the Punjab, Karnatak and Gujarat 
could interbreed without any difficulty. 

Specimens of these parasites from all the localities, viz., the Punjab, Khandesh, 
Gujarat and Karnatak were sent to Waterston for identification. He reported 
them all to be Microbracon lefroyi D. and G. Ramkrishna Iyer from Coimbatore, 
however, was of opinion that the Punjab ones might be slightly different, but there 
was no difference between the Surat and Khandesh ones. He attributed tho apathy 
of the Khandesh ones to breed at Surat to different c!in)atic conditions. 

Microbracon REARED FROM OTHER SOURCES 

A few specimens of Microbracon were reared from Eana, larvae feeding on 
Abut~1on indicum and from shoot rollers (Phycita infulJella Meyr.) feeding on cotton 
shoots. A few more specimens were also collected from brinjal (Solanum mela1l9ona) 
on bud-worms (PhtlwrimaJa blaspsigona). These were also sent to Waterston who 
identified them as under :-

Parasites reared from Earia, larvae from Abutilon indicum were M icrobracon 
lefroyi D. and G. 

Parasites from Phycita infusella were M icrobracon brevicomis and 
Parasites from brinjal bud-worm were Microbracon gelechediphagus. 

ATl'EMPTS AT CONTINUOUS REARING OF LOCAL PARASITES 

The trials of importing Microbracon lefroyi from distant localities showed that 
t.he parasites from Khandesh were not useful as they could not breed at Surat beyond 
October. In Karnat.ak they appeared very late so it was not possible to get the 
earliest supply of these parasites from that locality. It was possible to secure small 
consignments of Microbracon lefroyi from the Punjab, as early as August, and it 
was also found possible to breed them successfully at Surat. 11; was clear that 
large consignments of these parasites must be available to be able to liberate a very 
large number of them in the cotton fields in September or October. This was not, 
however, considered to be very practicable. An attempt was, therefore, made to 
find out if a large stock of the local Microbracon lefroyi could be carried from one 
season to another. Continuous rearing of the local Microbracon lefroyi was, there
fore, arranged in the laboratory. 

CONTINUOUS REARING OF LOCAL Microbracon lefroyi AT SUUT 

A few pairs of these parasites were kept in separate jars for rearing. One of 
tpe. ,di,ncpl#es 1i¥C~ was experien~ ip this Jearing w~ tb!,t .~ .an ipterv~J 
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of. a few days the proportion of males used to increas~ in the total progeny. A few 
tn~1s showed that this was the result of breeding together of closely related parents, 
whIch naturally occurred under laboratory conditions of rearing. 

TABLE XLI 

Proportion of males and females in the progeny of parents closely related arul of those 
which were not related. 

Proportion of Proportion of Proportion of 
males to every males to every males to every -- 100 females in 100 females in 100 female!' in 

lat genera. 2nd genera. 3rd genera· 
tion. tion. tion. 

Result of the breeding of closely related parents . 50 79 566 

Result of the breeding of parents not related to 50 58 32 
one another. 

MAss REARING 

An attempt was made to devise suitable cages for mass rearing of these para
sites. They were, however, not very successful. 

Another method tried was the liberation of a large number of the caterpillars 
of the proper size on the cotton plants, enclosed in big muslin cages, along with 
the adult parasites. In one case 107 big Earias larvae were placed on four cotton 
plants bearing flower-buds and bolls in December 1926, and 20 females and a few 
males of Microbracon lefroyi were liberated inside. A wooden trench with water 
il,nd oil was kept all round to prevent the escape of the Earias larvae. A week 
later, it was found that seventy-three of these larvae were drowned in the trench, 
17 were seen feeding on the plants, 8 pupated, one was found paralysed, and there 
was only one which was found attacked by the parasites. This method was re
peated on two more occasions without any better results. The adults were found 
always sitting on the thin cloth, more anxious probably to gain their liberty than 
to oviposit under those conditions. 

REARING AFTER.MAy 

The rearing of these parasites in separate rearing cages could be continued till 
the month of May. The oviposition by this time declined considerably and most 
of the eggs which were laid in this month developed into males. Besides this, at 
about this time the cotton crop was over, and difficulty of supplying host larvae 
to these parasites was badly felt. Pink Boll-worm (Platyedra gossypiella Saund.) 
larvae which were found in the resting st-age, and also a few caterpillars of Jowar 

B 
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stem borer (Ohilo simplex) which were found hibernating in Jowar stalks, were 
therefore offered. The parasites did lay their eggs on both kinds of caterpillars, 
but the larvae emerging from the eggs failed to develop on these hosts. 

CARRY-OVER OJ' THE PUPAE AND THE ADULTS OJ' MicTobracon kfroyi IN COLD 

ClLUIBERS 

To see if the life of these parasites could be prolonged BO as to get them to reach 
the next cotton season safely, a few pupae, which had passed 5, 7 and 9 days after 
pupation, were kept in the first four compartments at the cold end of the multiple 
temperature incubator (App. III), during February 1927. 

TABLE XLII 

M aX'imum period of pupation in tM different wmpartmentB after tM pupcu were placed 
in them 

(10 pupae in each compartment) 

let compart- 2nd compa.n- 3rd compart- .th com part-
- ment ment ment ment 

temperature temperature temperature temperature 
• SOF. to 54°F. 60° toMoF • M· to 6S·F. 70· to 70-F. 

Maximum number of days for 33 11 9 3 
emergence from the five days 
old pupae. 

No. of adults emerged from the 6 7 9 10 
above. 

Maximum. number of days for 11 9 6 , 
emergence from 7 days old 
pupae. 

No. of adults emerged from the 6 9 7 8 
above. 

Maximum number of days for 13 3 emerged on the dar ther were 
emergence from 9 days old kept. 
pupae. 

I No. of adults emerged from the 8 9 10 10 
above. 

The parasites emerging from these pupae could breed normally afterwards in 
the laboratory. 

Similarly 18 adults (10 males and 8 females) were kept in each of the above 
four compartments for noting the total period of tbeir life. The,. were fed with 
sugar solution every da,. • 

.. 
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TABLE XLIII 

Length of life of adult Microbracon lefroyi under continuous low temperatures of the 
first four compartTMnts 

(See Table XLII) 

First Second Third Fourth 
-- com part- compart.- compart- compart. 

ment ment ment ment 

Maximum No. of days any of the More than 71 &! 45 
adults lived. 84 

Minimum No. of days any of the 
adults lived. 

30 25 3 2 

Average life of the adults 44 38 31 14 

Only six of these parasites lived for more than 84 days in the first compart
ment. These were then removed for observing the capacity of oviposition. It 
was, however, found that all of them died without laying any eggs. Besides this, 
3 pairs of parasites were kept for egg laying in each of these four compartments. 
All of them laid eggs except the ones kept in the first chamber where the tempera
ture varied between 48° and 55°F. 

These experiments showed that it was possible to prolong the life of the pupae 
as well as the adults considerably under low temppratures, but the procedure was 
impracticable under ordinary conditions; and besides there were indications that 
the adults which survived long enough would probably not breed normally. 

An attempt was also made to keep the parasites alive in the pupal stage by 
keeping them at a very low temperature. A small cold chamber was, therefore, 
improvised by keeping a small round tin immersed in ice cold water continuously. 
The temperature inside this tin varied between 34 and 42°F. Forty Microbracon 
pupae were placed in this tin in a glass tube. Twenty of them were removed after 
12 days and 4 adults emerged from this lot. The remaining 20 pupae were removed 
after 34 days and it was found that all of them were dead by that time. Thus it 
appeared that the pupae would not stand very low temperatures for a considerable 
length of time. 

Finally, therefore, it must be admitted that after making a large number of efforts 
no easy and cheap method could be arrived at of securing a large stock of these 
parasites for ma1..-ing an a~tempt at angmenting the natural popuIati:)n of M;cro
Qracon lefrofli in the early part of the cotton-growing season. 
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Melcha nersei CAM. (PABASlTE ON THE PUPAE OJ' EariaB) 

Out of the remaining four parasites, only Melcha nersei Cam. calls for com
ment. 

Husain and Mathur [1923] have mentioned that these big parasites are seen 
flying about in the fields of cotton, lucerne, senji and in the gardens on hollyhocks 
in the Punjab. But they are not so commonly seen at Surat and it was only on a 
couple of occasions that their presence was noticed in the cotton fields. The marked 
absence of this parasite at Surat appears to be due to the fact that the EaTias larne 
invariably go to the soil for pupation in this tract and the pupae are not, therefore, 
exposed to the attack of this parasite. In the Punjab, on the other hand, a large 
number of Earias pupae are probably to be found on the parts of the cotton plants 
above the soil. 

Only one female of this parasite was bred from a few pupae, collected from 
bhendi plants (Hibiscus esculentus) from Adajan, a small village near Surat, on 15th 
October 1924. 

This female was kept in a glass rearing jar and Earros pupae were ofIered to it 
for oviposition. From the pupae, which were attacked, the first male emerged 
on the 31st of October and it was introduced in the cage of this feIIl.$le wasp. The 
female wasp escaped on 4th November 1924. During this interval we had ofIered 
a total of 176 Earias pupae, out of which 55 Ealias moths emerged. Eight female 
and 37 male parasites emerged from the remaining 121 pupae. 

A few of the off-spring of this parasite were kept under observation for record
ing the life-history during November and December at Surat. 

Pair No. 1.-The female and male lived for 20 and 22 days respectively. 
During this period 168 Earias pupae were offered (ten fresh pupae 
were offered on most of the days). From these pupae 40 Eana. 
moths and 12 female and 56 male parasites emerged. The period 
between the day on which the Earros pupae were attacked and the 
day on which the parasites emerged varied between 15 to 22 days. 

Pair }fo. 2.-The female lived for 26 days and the male for 11 days. In 
all 222 Eanas pupae were ofIered to the female. From these, 50 
Earias moths and 82 male parasites emerged. The progeny consisted 
of males only, although a male parasite was present in the female 
cage for nearly 10 days and they were seen to mate. The period from 
egg to adult in this case varied between 15 to 24 days. 

4. DETERRENTS 

Attempts wele made to find out if flowers of sulphur and cynogas dust (calcium 
cyanide) would be elf any use as deterrents for the Earro' moths. 

A Jarge number of cotton plants were dusted with flowers of sulphur mixed 
with ,road dust QJ. the last wee\!:: of peceJDber of 1923, and it was decided to k~ 
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these plant!! under observation. After about 4 days, however, a very large number 
of flower-buds, young bolls and leaves were found ·to be dropping down froin the 
dusted plants. The shedding continued for some time, and after a few days only 
a few stray leaves and developed bolls remained on these plants. 

This experiment was repeated in the last week of February 1924, when a few 
plants of cotton were dusted with flowers of sulphur alone. This was also followed 
by shedding of forms, as in the above case. 

Not only did the dusted plants suffer but heavy shedding of leaves, flower
buds and young bolls occurred on a large number of neighbouring plants over which 
the sulphur fumes were carried by wind. . 

These trials and subsequent experience of other workers [Thakar and Desai, 
1929] showed that the plants of herbacium cottons at Surat were extremely suscep
tible to the slightest traces of sulphur, and it was dangerous to expose the plants 
to any substance which was likely to give out even traces of free sulphur. 

Cynogas dust (calcium cyanide A, supplied by Messrs. Shaw Wallace and Co., 
Bombay) was another substance which was tested for keeping the Eal;as moths 
from the cotton plants. During October 1926 the shoots of 200 plants were lightly 
dusted with this powder. The tender leaves of these plants were considerably 
scorched by it. An attempt was, therefore, made to spread a small quantity of 
this powder on the soil near stems of cotton plants, instead of applying it to them 
directly. Even this change did not prevent the scorching of the leaves, and hence 
the attempt to use this material as a deterrent was given up. 

5. ATTRACTANTS 

It had been observed that a few Earias moths came to the lights in the residen
tial quarters during January and February. It was found that ordinary Dietz 
lanterns as well as acetylene lamps exposed in the fields failed to attract any of 
these moths during the period of the heaviest infestation. 

Aromatic substances such as, amyl acetate, methyl butyrate, acetic acid~ for
maldehyde, clove oil,. molasses with yeast, vinegar, turpentine, rum, co~try liq~or 
were exposed in the cotton fields. They were placed in small enamel dishes, which 
were kept in the centre of two feet square pans, containing water. None of these 
substances showed any attraction for these moths. . 

In the meanwhile we found that Power and Chestnut [1925] had determmed the 
oderous constituents of cotton plants and had shown that ammonia and trimethy
lamine were present in appreciable quantities in the distillate ~b~ained from th~se 
plants, and that they were also found in the emanations of the livm~ cott.on ~lant:'. 

Ammonia, ammonium carbonate and rotting fish were, therefore, exposed, m balt 
pans. Rotting fish were used instead of trimethylamine as the sme~ of both the 
substances is said to resemble very closely. The~e substances also did not attract 
the Earias moths. 
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Attention was. therefore, diverted to find out if the cotton seeds, at any stage 
of their decomposition, would be able to attract the moths. A small quantity of 
seed was. therefore, moistened and was exposed in the same way as the 8ubstancea 
mentioned above. The seed was again moistened at an interval of every 3 or 4 daYB. 
It was found that on some of the days a few moths of the Spotted Boll-worms could 
be found in the water pans. The attraction, however, was not constant and it 
appeared that very moist or very dry seeds were not effective in attracting the 
moths (App. I, Table XXVIII). 

BheruU, (HibibCUS esculentus) seed was crushed and moistened and was similarly 
exposed in the cotton fields and the observations showed that it proved to be slightly 
superior to cotton seed (App. I, Table XXVIII). 

It was not possible to say if it was the decomposition of the seeds of the host 
plants, which caused the attraction or if any similar substance would also be able 
to attract the moths. By analogy of the composition of these substances, there
fore, moistened sesamum cake was exposed in the bait pans. The moths of the 
Spotted Boll-worms did respond to it, and it was found that the number of moths 
attracted to the cake pans, was more than that at the cotton or bhendi seeds. 
On the 31st of January 1928, as many as 38 moths were found round a single pan 
of sesamum cake, while in the pans of cotton a~d bhendi seeds there were only 
one and three moths respectively on that day (App. I, Table XXVIII). 

The cakes of groundnut and cotton, in addition to that of sesamum, were tested 
and it was found that all three could attract a small number of Earial moths. 
Sufficient water was added to the powder of these cakes to form a paste before 
exposing them in the enamel dishes. Later on, however, it was found that thef6 
substances showed a better attraction when about 2 or 3 ounces of their powder 
'was added directly to the bait pans containing about 2 or 3 gallons of water, instead 
of only moistening the cakes. 

A few pans with these substances were exposed during most of the cotton grow
ing season in 1929-30 and 1930-31, both at Surat and at Jalgaon in East Khandesh 
district (App. I, Tables XXIX to XXXII). The number of moths attracted to 
these pans at Jalgaon was considerably greater than at Surat. 

It was rather peculiar that the largest number of moths were collected from 
these pans when the cotton crop was about to be over both at Surat and Jalgaon. 
Probably it meant that the attraction of these baits could only be strong enough 
to attract the moths in the absence of the vigorously growing crop of cotton, having 
tender shoots, flower-buds and young bolls. 

It i;t interesting to note that these baits not only attracted the moths of the 
Spotted Boll-worms but also of the Pink Boll-worm (Platyedra g08SYpieUa Saund.) 
and the shoot roller (Phycita inJuseUa Meyr.). A very large number of Pink Boll
worm moths were attracted to these pans at Jalgaon (App. I, Tables XXXl and 
XXXII). . 
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Paste of sandal wood and nutmeg, prepared by rubbing these substances on a 
rough stone with little water, also attracted a few moths of the Spotted and Pink 
Boll-worms. 

The number of moths attracted to any of these substances was not sufficiently 
large to warrant the use of any of them as a control measure. The trials may, 

. however, indicate possibilities of evolving a substance which may prove to be a 
powerful bait, not only for the Spotted Boll-worms, but also for the allied pests of 
cotton. 

6. SOIL MULCH AS A CONTROL MEASURE 

A careful search in the cotton fields at Surat showed that it was extremely rare 
to find a pupa of the Spotted Boll-worms on the plants. This fact indicated that 
the larvae which are about to pupate, moved away from the cotton plants for spin
ning their cocoons. An examination of the soil, round thc cotton plants showed 
that they were to be found in the soil, from about 2 to 8 inches below the surface 
of the soil. 

It has already been mentioned that the fully fed larvae enter cracks and crevices 
for finding a suitable place for pupation. Soon after the close of the monsoon. the 
soil of the locality opens into small cracks, which slowly widen and have several 
sub-cracks, going in all directions from them. These cracks allow very easy access 
for the larvae to the soil and the pupae are often found in such small cracks, by the 
side of small clods (Plate I, Fig. I). It has also been stated that the full-fed larvae 
descend the plants in the forenoon and immediately begin to search for a place for 
pupation. By about 2 p.m., most of them are found to have begun the work of 
spinning their cocoons. This happens to be the hottest part of the day, and it is 
natural that the larvae should try to take shelter in the cooler layers of 
the soil. 

The facts that the larvae almost invariably go to the soil for pupation in this 
tract, that they have to enter the soil through the existing cracks and crevices, 
that the moths, when they emerge have to make their way out of the soil through 
similar cracks and crevices, and that the larvae choose the hottest part of the day 
for selecting a place for pupation, all pointed out that this was likely to be a vulner
able point in the life of the Spotted Boll-worms. 

What was required for successfully attacking the worms at this stage was to 
prevent them by some means from going deep in the soil, thus exposing them to 
the heat of the sun and to the attack of their predators; or to prevent the emer
gence of the moths from the pupae in the soil. It was thought that this would. be 
possible by maintaining a fine soil mulch in the cotton fields, and therefore trlals 
were undertaken for testing the effect of soil mulch on the pupation-and the emerg
ence of moths of the Spotted Boll-worms. 



Si'O'l'fi:D BoLiAvORMS OJ COTTON IN SOtrTH Gu.tAiUt 

The" preliminary laboratory trials consisted of observing the emergence of moths 
from the pupae, which were covered over with a shallow layer of loose soil. Three 
wire gauge cages (one foot square) were taken and were filled in with field soil, 
which contained a few clods also. Twenty full-grown larvae were liberated in each 
one of them and they were allowed to pupate in the soil. The first cage was reserved 
as a control. In the other cages a layer of one inch and two inches of loose soil 
was added. The emergence of moths from these cages was noted and later the 
soil was examined to find out if any of the moths were caught in the loose soil. 

TABLB XLIV 

Emergerwe of the rrwths from the above three cages 

(20 larvae liberated in each case) 

No. of Moths Mothl Percentage Cage No. la.rvae pupa.ted emerging dea.d in the 
in the soil .bove the soil soil mortality . 

No. I; Control . . . . 19 19 Nil Nil. 
. 

No. n, 1 inch la.yer of loose Boil . 18 6 12 72 

No. llI, 2 inohes la.yer of loose Boil 13 Nil 13 100 

AU the moths in the first case came out normally; in the second case, how
ever, 72 per cent of them could not extricate themselves from the loose soil and 
were stifled below the surface of the soil. In the third case all the moths died in 
the soil and were found with their wings crumpled up, when the Boil was 
examined. 

These trials only showed that if there is a small layer of loose soil over the pupae, 
most of the moths would fail to emerge. It was yet to be ascertained as to where 
the larvae would pupate, if a good soil mulch was maintained all over the cotton 
fields. Information on the following points was considered to be essential for deter
mining the efficiency of the soil mulch as a control measure :-

(1) Will the larvae pupate on the surface of the soil if the area is mulched 
with fine soil I 
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(2) Can they successfully pass all their pupation period in the above case 
and be able to emerge as moths normaliy 1 

(3) Is the temperature of the surface layer of the soil high enough to kill 
the pupae 1 . 

(4) Can the implements pulverise all the soil right up to the collar of the 
plants 1 If not, what proportion of the larvae would pupate in the 
untreated space 1 

A trial in the laboratory showed that wheu 20 full-grown larvae were liberated 
in a wire-gauge cage, containing pulverised soil (passed through a sieve with 16 
meshes to a square inch) 17 of them pupated in the surface layer of the soil by 
binding together a few particles of the soil. Moths emerged normally from all these 
pupae. 

This trial was later repeated in the fields, where 106 larvae were liberated in a 
small area (6 feet square) surrounded by a tin trench, containing ~ater and oil. 
The temperature of the surface layer of the soil in the above space was found to 
be 108° F. at 2 P.M. on that day. Most of the larvae tried to escape from the en
closed space as they could not get a snitable place for pupation, and 58 of them 
were drowned in the trench in trying to go beyond. Later, when the soil was 
examin"ld, no pupa could be traced and therefore it appeared that .the 
remaining larvae must have been killed by the heat or were destroyed by their 
predators. 

In another case 50 fresh pupae were scattered in the surface layer of an inch 
of the soil during the month of September. They were allowed to be there for a 
period of one week. An examination of the soil then gave a recovery of 31 cocoons 
out of the total of fifty. Fourteen of these were almost completely eaten up by 
predators, and 12 more were partially damaged. Only five pupae were found alive. 
Thus out of the fifty, only 31 could be secured and the remaining 19 were entirely 
missing. They were either devoured completely or were bodily removed by their 
enemles. 

In the meanwhile, to study the effect of heat on the pupae, a few of them were 
subjected to different temperatures in the multiple temperature incubator (App. III). 
It was found that they could not stand a continuous temperature of more than 
100°F., as all the pupae which were placed in the chambers with temperatures 
ranging above 100°F. failed to emerge as moths and were all found dried 
up. 

Such continuous temperatures of about 100°F. or more are not naturally avail
able in the fields. The soil temperature in the fields is the hottest between 12 noon 
and 4 P.M. Surface temperatures of the soil recorded at 12 noon, 2 P.M. and 4 P.M. 

once in a week, during October, November and December 1926, are given below 
for showing the range of temperature during the hottest part of the day. 
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TABLE XLV 

Boil temperatures of the surface 1 inch layer in cotton.fi,eUI 

(Fahrenheit-1926) 

Date of recording Mid.~y IF .•. 

9th October 104 108 

16th October 101 108 

23rd October 105 112 

30th October . . 105 III 

6th November 100 108 

13th November . 109 110 

20th November 103 112 

27th November 100 108 

4th Deoember • . . 101 11' 
11th Deoember-. 100 111 

18th Deoember . 100 109 

25th December • 100 109 

, P ••• 

108 

lOS 

108 

109 

103 

109 

108 

103 

112 

108 

102 

105 

These observationS indicated that temperatures between 1000 and HO°F. are 
available for a few hours during the day in October, November and December, 
in the surface layer of the field soil. The effect was then examined of exposing 
the pupae to about HO°F. for varying periods in the multiple temperature incu
bator. The emergence of moths from these pupae was noted. 

TABLE XLVI 

Emergence of l1wths from pupae u;posed to llOOF. 

No. of hours the pupae were Number of pupae under :rio. of motba emerged exposed observation 

4 10 9 

8 10 7 

24 10 /; 

48 10 Na} AU dried up. 
72 10 Nil 
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A few of the pupae could endure the temperature of HO°F. for about 24 hours, 
but all those which were kept at that temperature for 48 hours or more, were shrivel
led up and dead due to the heat. 

Attempts were next made to find out if it would be practicable to secure the 
desired soil-mulch with different implements. The blade harrow was found to be 
the best implement for pulverising the soil when it was used in the optimum condi
tion of the soil. All the implements, however, left a small space of a few inches 
undisturbed near the collar of the plants. It was clear that some of the larvae 
would take advantage of this unmulched area for pupation. Further trials of arti
ficially liberating the larvae in the fields showed that when a space ~f about 6 inches 
round each plant was left untreated, 20 per cent of the larvae (16 out of 80) pupated 
in this space. When this space was reduced to 2 inches, 10 per cent (10 out of 102) 
of the larvae pupated in that small space. 

The last few trials indicated that the presence of well pulverised soil in the 
fields would prevent the larvae from going below the surface layers if the soil could 
be mulched right up to the collar of the plants and that some of these, which would 
pupate in the surface layer, would be destroyed by the heat of the sun or by the 
predators. 

In order, therefore, to get a definite idea about the efficiency of the soil-mulch 
as a control measure, it was decided to layout small plots with and without mulch, 
and to observe the natural pupation under those conditions. 

Four plots of cotton, about 4 or 5 gunthas each, were selected at the commence
ment of the cotton-growing season during 1928-29. One of these plots received 
all the usual tillage operations as in the case of the whole cotton field, and was re
served as a control. All the soil in the second plot- was carefully pulverised, and 
fine soil-mulch was maintained in this plot throughout the season by stirring the 
soil repeatedly, and by breaking the clods which came up. Similar 
soil-mulch was maintained in the third plot, but a space of about 4 inches round 
each plant was left untreated in that plot. No cultural treatment was given to 
the fourth plot and the soil was allowed to crack to the maximum extent. The 
soil around 9 plants (plants spaced 4' X 3') was carefully examined in each one of 
these plots, once a month, for pupae of the Spotted Boll-worms (Tables XLVII to 

XLIX). 
During the next season, 1929-30, only 3 plots were laid out:-

1st plot.-Control. Normal tillage. 
2nd plat.-With good soil mulch, except 4~ round each plant. 
3rd plot.-With clods. The clods were purposely turned. up and were ~ot 

pulverised in order to have a very good contrast WIth the plot havmg 
well pulverised soil. 

Soil round 20 plants (spaced 4' X 3') was examined once in a month from each 
one of these plots. 
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The plot with the soil-mulch going right up to the collar of the plants was not 
attempted as it was found impracticable to pulverise the soil with any implement 
without leaving at least some space untreated round the plants. 

The soil was removed for observation by separating out small clods and these 
were carefully examined. The positions of the pupae found in the BOil were re
corded. The loose soil was again passed through sieves to prevent the 1088 of any 
of the pupae through oversight. 

TABLE XLVII 

Depth at which the cocoons were found in 1M .oil 

1928-29 1929-30 

Depth In Inohes Plot fully Plot fu~ 
Control Plot with mulched Plot fully Control Plot with mulch 

plot leaving clod. and eSCf'pt oraoks 4' round mulched plot craoka " round 
plante plante 

1 14 14 18 36 13 3 10 

1I 6 8 6 6 8 10 II 

3 2 2 .. S 7 23 t 

4 1 2 .. 1 .. 12 2 

6 1 2 .. .. .. 6 .. 
6 1 1 1 .. 4 3 15 

7 1 3 2 .. 6 .. • 
8 .. 1 1 .. .. 1 .. 
9 .. 1 1 .. S 1 1 

10 1 1 . . .. .. 1 .. 
11 .. .. . . .. 1 1 .. 
12 .. 1 .. .. .. .. .. 
13 .. 2 .. .. .. . . .. 

Cocoons caught 1 .. :I :I 4 3 15 
in the sieve. 

TOTAL 27 40 31 45 45 63 43 
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TABLE XLVIII 

PropOTtion of the cocoons in the surface one-inch layer of the soil. 

Cocoons Percentage 

Plote Total cocoons in lBt of the cocoons 

l·inch layer in surface 
I· inch layer 

1928.29. 

Control • 26 14 54 
With cracks . . . . 40 14 35 
Mulched leaving 4" round plante . 29 18 62 
Fully mulohed. • • • 43 35 81 

1929·30. 

Control . . . 41 13 32 
With oracks and clods 60 3 5 
With mulch leaving 4" round plante 38 10 26 

The cocoons which were found in these plots were examined and were placed in 
three classes ;-

(1) Live pupae. 
(2) Damaged cocoons (destroyed by predators). 
(3) Empty cocoons, which showed that moths had emerged out normally 

from them. 

TABLE XLVIX 

Empty 

Dead or Percent· cocoons Percent-

Plots 
Total Live damaged age showing age 

cocoons pupae. cocoons damaged normal empty 
cocoons emer· cocoons 

gence 

----
1928·29. 

Control plot • 27 5 4 14·8 18 66·6 
Plot with cracks. 40 8 10 25·0 22 55·0 
Plot mulched leaving 4" round 31 4 11 35·5 16 51-6 

plant •• 
Fully mulohed plot . 45 11 15 33·3 19 42·2 

1929·30. 

Control plot • • 45 2 17 37·8 26 57·8 
Plot with cracks and clods 63 5 22 34·9 36 57-1 
Plot mulched leaving 4" round 43 5 20 46·5 18 41·0 

plants. 

e oM 
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It was found that the surface of one-inch layer of the mulched plota had com
parativelya larger number of cocoons than those which were found in similar layer. 
of the other plots, having cracks and clods. But it was also true that in these plota, 
some of the cocoons were found in the deeper layers also, in spite of the surface soil
mu1ch. 

Secondly, it was observed that the mulched plots had a larger proportion of 
damaged cocoons and that in these plots a smaller number of them showed signa 
of normal emergence, as compared with the other plots. The difference, however, 
was not substantial and it appeared that moths did emerge successfully from the 
mu1ched plots also. 

Thus it was found that the pupation in the mulched plots was not restricted 
only to the thin surface layer of. the pulverised soil, and that it appeared that a 
good number of moths cou1d emerge normally from cocoons in these plots. This 
was mostly due to the following reasons. 

A large number of cracks began to appear in the mulched plota as the soil began 
to dry up. It was, therefore, necessary to stir the soil very often in the mulched 
plots for preventing the cracks. In stirring the soil, the fine particles of the soil 
settled down deeper and small clods came up to the surface. After the surface 
soil had dried up, it was impossible to pulverise these clods and therefore they 
provided very good shelter for the pupae in these plots. 

It was also found that some of the pupae in the soil were destroyed by predators, 
such as lizards, which lived in the cracks. They could not, however, be active in 

• the mu1ched plots in the absence of cracks. 

All these observations, therefore, showed that soil mulch, as far as it can be 
maintained in the field conditions at Surat, could not be considered to be an 
effective control measure against the Spotted Boll-worms, though the preliminary 
tnals indicated possibilities of its success. 

7. INSECTICIDES 

Stomach poisons are generally recommended' for insecta which have a biting 
habit of feeding. The possibility of this kind of insecticide being effective against 
the Spotted Boll-worms was doubtfu1, because they bore into their food and then 
continued feeding from inside the food. The only chance, therefore, of their 
getting the poison is while making an entrance hole. 

A few preliminary trials in the laboratory, however, indicated that a very high 
mortality ensued when these worms were fed on flower-buds and bolls which wero 
:previously sprayed or dusted with lead arsenate or Paris Green. 
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TABLE L 

Mortality of larvae f€d on flower-buds sprayed with lead arsenate and Paris Green 

Mortality on each day after feeding 

Poison No. of 
TOTAL worms fed 

1 2 3 4 5 6 7 

'--- --I---
Lead arsenate 2 ozs. 100 28 22 28 10 .. 11 .. 99 dead and 1 

to 4 gallons of water. pupated. 

Paris Green + oz. to 4 
gallons of water. 

100 54 24 16 6 .. .. .. 100 

TABLB Ll 

Mortality of larvae fed on flower-buds dusted with lead arsenate and Paris Green 

Maximum 
number of 

Poison No. of days for No. of larvae Percentage 
worms fed which any pupated mortality 

of these 
larvae lived 

Lead arsenate dust 50 16 6 88 

Paris Green dust , 50 14 12 76 

Untreated. 50 .. 32 36 

Experiments in the fields were, therefore, undertaken in plots of about half a 
guntha each, for testing the practical efficiency of these insecticides. Both spray
ings and dustings were attempted at the interval of one, two and three weeks. 
The treatments were 'restricted to the months of November and December and a 
part of January when the boll-worms were particularly active on the cotton plants. 
Lead arsenate was sprayed at the rate of 2 ounces for 4 gallons of water and Paris 
Green ~t h~lf an ounce to 4 gallons of water. Lead arsenate and Paris Green were 
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mixed with powdered lime in the proportion of 1 to 8 before dusting. The results 
of these treatments are tabulated below :--

TABLE LII 
Cotton plants sprayed and dusted with lead arse1U1.U and Pan. Green. 

1924-25 

Plants F10were }Iature PerC<'nta~ Kapal per under Treatment observa- per boll. fiow .. re to plant in 

tion plant per plant boJJ. Tol ... 

Check plot 54 86 40 46 H 

Lead arsenate sprayed once in a week 54 71 31 43 6·0 

Lead arsenate sprayed once in two weeks 52 67 33 49 5·5 

Lead arsenate sprayed once in three weeks 54 71 33 46 5.6 

Lead arsenate dusted once in a week 51 82 37 44 6-1 

Lead arsenate dusted once in two weeks . 53 75 36 48 5·9 

Lead arsenate dusted once in three weeks 54 82 37 46 6·2 

Paris Green sprayed once in two weeks 54 64 28 43 H --
Paris Green dusted once in two weeks 53 72 31 42 4-7 

These trials showed that no advantage could be seen as a result ot these treat
ments at any stage of the plant growth or in the final yields of kapas. Paris Green 
was, on the contrary, found to be harmful as it affected the leaves, to a certain 
extent, and ultimately reduced the number of bolls and the yield of kapaa. 

In the meanwhile, it was observed that the tiny Earias larvae as soon as they 
come out of the eggs have the habit of wandering about on the plant for some time 
before they begin to feed. It was considered that these larvae would get the poison 
very easily if the plants were dusted with a very finely powdered insecticide. It 
was, therefore, decided to try calcium arsenate which was being extensively used 
against the boll-weevil (Anthanomus grandis) in America. During 1926-27, there
fore, three plots of 100 plants each, were laid out for these trials. One of these 
was dusted with calcium arsenate without any dilution; and in the other, a mixture 
of calcium arsenate and slaked lime was used in the proportion of 1 to 3. The 
third plot was reserved as a control. These dustings were started in the last week 
of November and were repeated at the interval of 5 days till the end of December. 

The beneficial results of these applicatious were soon apparent. The dusted 
plots showed a number of developed flower-buds within a few days, and the vigorous 
flower formation reached its height 5· weeks earlier than in the control plot. (Plate 
XII.) This indicated that the earlier flower-buds in dusted flots had escaped tho 
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Early opening of bolls in plot (left) dusted witJi calcium .......... 



\ PLATE XIll. 

Early opening of bolls in plot (left) dusted with calcium arsenate. 
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damage of the boll-worms and had succeeded into .flowers in large proportions 
(Appendix I, Table XXXIII). It was also found that the earlier flowers were 
retained on these plants in larger proportions than on the control plants. Con
sequently a large number of bolls opened on the dusted plants very much earlier 
than the general field plants. (Plate XIII.) 

In order to obtain comparative data upon the number of worms in the dusted 
and the control plots, 25 plants were examined from each of the 3 plats, 4: weeks 
after the dustings were started. The results of these examinations are summarised 
in the next two tables. 

TABLE LUI 

Examination of 25 cotton plants in each case 

Total Dead 
Treatment Tot .. l Live larvae Live flower. bolls larvae (very eggs buds fany) 

Caloium arsenate • 2,992 139 60 463 596 

Calcium arsenate and lime 2.935 128 117 97 

I 
205 

Control . 2.116 flil 123 lIil 28 

TABLE LIV 

The number of bolls and the proportion of the flower-buds of different sizes from the 
above plants 

Treatment Smallest Small Medium Big Bolls buds buds buds buds 

Ca.loium arsenate • 1.364 651 597 205 139 

Ca.lcium arscua.te and lhue 1.845 646 338 106 128 

Control . . 1.711 244 112 '15 flil 

'rhe following points are noticeable in the above tables;-

(1) The plants from the dusted plots had a few bolls on them at a time when 
the non-dusted plants had none. Besides they carried ci 131'ge number 
of big sized flower-buds. r.) :pu~ted plants had a smaller number or live boll-w(\l"Jll larvae than the 
SlOJl.troJ JlI!ln~st 
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(3) A very large number of tiny dead larvae could be seen all over the dusted 
plant.s. 

(4) The dusted plants had an unexpectedly high number of live .~ of the 
Spotted Boll-worms. . 

It must be not.ed that the above facta were more-markedly seen in the plot dust
ed with calcium arsenate only than in the other which was dusted with calcium 
arsenate diluted with slaked lime. 

The conclusions which these facts could wanant were that the calcium arsenate 
was successful in killing a large number of boll-worm larvae, and most of them 
were killed, just after they had emerged out of their eggs and before they got into 
their food. This furth.er indicated that the larvae got II dose of the poison while 
crawling in search of their food on the parts of the plants, which were covered 
with the dust. It was the large mortality of these larvae which allowed the appear
ance of better developed dower-buds and bolls, earlier in the dusted plots. The 
presence of these advanced forms on the dusted plants, in larger numben than 
what were to be found anywhere in the surrounding cotton plota, appeared to have 
attracted a very large number of moths to oviposit on them, with the result that 
the number of live eggs on the dusted plants swelled to an unexpected extent. 
This was a very significant fact, because it emphatically pointed out that in spite 
of the continuous abnormal oviposition, the dust could afford protection to the 
flower-buds and bolls by keeping the larval population very low. It would pro
bably have been still lower if the oviposition had continued to be normal. 

The treatment appeared to be very hopeful, and to promise a large increase 
in the yield of kapas. However, with the commencement of vigorous flowering, 
a heavy infestation of aphis (Aphis gossypii) developed on the dusted plants, and 
they were 800n covered by the sugary accretions of this pest. As a result of thia 
trouble the dusted plants finally did not even yield the normal nwnber _of bolla, 
found on the control plants. 

TABLE LV 

Dvstetl aM COftlf'Ol plafIU 

1926-27 

(Average of 20 plante ill each _) 

Treatment 
ToW. __ 

pEl' plan, 

Calcium arsenate • . · · · · · 87 

Calcium araenate and lime · · · · · 78 

Control . . . · · · · · 82 

T .... _tanI 
bolla pEl' pla-' 

24 

!Ii . 
31 



PLATE XIV. 

300 

, , 
-- '-. 

.. 
j 

lUl -1US 

..,.tkt, ltowu o~tll.'''1 

Ptot "0.'" 

,'\ " \ .,.1 , 

, t 
... ... , -. 

l'tot •• 3 . 

... 'oU., ..,liLl M"\"~.·'" \WOIll Clf,OVt. \( ... uo. ' 
Showing weekly fiower-opening and relative success of boIls in cotton plots dusted and 

undusted with insecticides. 



SPOTTED BOLL-WORMS 01' COTI'ON IN SOUTH GUJARAT. 77 

A. few more trials were again laid out during the next season (1927-28) to find 
out, If the aphis infection would recur during every:season. and if it would be 
pos.sible to escape it by some mcans. The following were some of the treatments 
whIch were attempted. . They were carned out during the period from the middle 
of October to the middle of December, which generally happens to be the period 
of heavy boll-worm damage-

(1) Dusting with calcium arsenate at the interv!lol of 5 days, from the end 
of October till the middle of December. 

(2) Dusting as above and 4 sprayings with fish-oil rosin' soap, after the 
appearance of aphis. 

(3) Dusting with calcium arsenate at intervals of 10 days, from the middle 
of October till the middle of December. 

(4) Two dustings of calcium arsen~te at the commencement of the flower
bud development for protecting the flower-buds, and two more at 
the flowering period for securing success from the earliest flowers. 

(5) Only two dustings of calcium arsenate at the period of flowering. 

(6) Dustings with calcium arsenate diluted with gram flour (in the propor
tion of 1 of calcium arsenate to 2 of flour) at intervals of 5 days from 
the end of October till the middle of December. 

About 100 plants were treated in each case and 20 plants were selected in the 
middle of each of the plots for noting the daily flower opening, boll shedding and 
the final number of mature bolls. These results have been included in Appendix 
I, Table XXXIV (Plate XIV). Some of the important points seen from these 
figures are enumerated below :-

(1) Intense flowering was much earlier in the dusted plots than in the 
control ones. 

(2) The plots dusted with calcium arsenate at 5 and 10 days intervals respec
tively had about the same period of flowering but the intensity of 
flowering ill the plot dusted at intervals of 10 days was lower. 

(3) The plot, which received calcium arsenate diluted with. gram flour, did 
not show as much intensity of flowering as the one which received 
arsenate alone. 

(4) The plot which was dusted with calcium arsenate at intervals of 5 days 
and was also sprayed with fish-oil rosin soap (against aphis) showed 
an advantage over the similarly dusted plot, which was not sprayed. 
It retained proport.ionately a larger number of flowers, during the 
weeks which followed the sprayings. 

(5) The plot which was dusted twice only with calcium arsenate showed a 
remarkable rise in flowering immediately after thp; commrDcement of 

1'2 
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dustings; and the early flower8 gave a higher percentage of 8UcceB8 
of flowers to bolls than the untreated plota. 

These trials, therefore, again pointed out that a8 a result of the dusting8 of 
calcium arsenate, an intense early flowering took place and the early flowers were 
retained on the plant8 in larger proportions. 

Soon after the commencement of the flowering it was, however, found that 
during this season also infestation by aphis began to appear, and it was found to 
be very senona in the dusted plots during December. This affected very consider
ably the production of kapaB in the dusted plota as can be seen from the next table. 
Yields of kapas from 8 untreated plots (with about 100 plants in each) selected at 
random, in the same field, are also shown for judging the normal variation of yield 
in that field. 

TABLE LVI 

I 

TreatD1ent. No. of plant! 
observed 

Total ,-ield of 
upu In tou 

1~ Dllsting caloiuD1 arsenate every IS day. · · · · · 99 263 --
2. Dllst~g caloiuD1 araenate every IS day. and &praying witb fisb·oil 98 310 

roBID8O&p. 

3. Dusting calcium arsenate witb gram flour · · · 101 270 

4. Dilating calcium araenate twice at flower·bud development and 99 209 
twice at flower·opening period. 

5. Dusting calciUIll &raenate at every 10 day. · · 95 238 

8. Dusting calcium arsenate twice only · · · 93 258 

7. Untreated plot · · · · · · · 99 Me) 

8. . Do. · · · · · · · 99 ISSI 

9. Do. · · · 98 410 

10. Do. · · · · · 100 497 

11. Do. · · · . · · · · · 100 488 

12. Do. · · . · · · · · 100 617 

13. Do. · · · · · · · 99 425 

U. Do. - 99 343 · · · · · · · 
.. 
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Th.e yield of kapalJ in all the dusted plots was markedly reduced in spite of the 
ear.ly mtense flowering and the better retention of the earliest bolls in these plots. 
This eff~ct was mainly due to the serious aphis infestation. No foliage injury 
was notICed on the plants dusted with calcium arsenate. It is significant to note 
that of all the dusted plots, the one in which the aphis infestation was partially 
controlled by using fish-oil rosin soap, yielded the largest amount of kapas. 

It appeared that it would be necessary to give up the pursuit of this insecticide 
because it was found that its use on the cotton plants was always followed by 
severe aphis infestation which obliterated its beneficial effect. In the meanwhile, 
however, W. J. Folsom [1927] pointed out that the heavy infestation of aphis in 
small experimental plots dusted repeatedly with calcium arsenate was the result 
of the positive photo-tropic response of the winged aphis to the white dust, and 
of the immunity which they got from some of their enemies in the presence of this 
insecticide. He summarised his experience in the following words:-

.. Excessive applications of calcium arsenate are often followed by heavy infesta
tions of the cotton aphis. The initial infestations are due to the positive photo
tropio reaction of winged females to white substances, such as, calcium arsenate, 
calcium carbonate, starch or flour. A heavy infestation is built up, not by the 
destruction of predators by calcium arsenate, but by the killing of hymenopterous 
parasites when they emerge in the presence of the arsenical. They are killed also. 
though more slowly, by calcium hydroxide, calcium carbonate, corn and 
starch." 

It was, therefore, decided that the white powder of the insecticide should be 
blackened with finely-powdered charcoal in order to find out if the aphis infesta
tion could be prevented. 

It was also decided to layout a. few trials for testing another insecticide, 'Viz., 
sodium silico-fluoride, along with calcium arsenate during 1928-29; because 
Osborne [1926] had found that sodium fluosilicate was more toxic to the cotton 
boll-weevil than calcium arsenate. 

The plants could not be dusted uniformly with the Vermorel Knapsack dusting 
machine used so far, and therefore, a new machine called "The Peerless Dusting 
gun " was purchased. 

The calcium arsenate previously used contained more than ·75 per cent soluble 
arsenic acid, which was undesirable according to Coad and Cassidy [1920], and a 
fresh stock of calcium arsenate was secured from Grasselli Chemical Co. of New 
York, U. S. A. (for analysis see Appendix I, Table XXXV). A stock of sodium 
silico-fluoride was also seoured from the same firm. 

It was further realised that it would not be possible to protect the cotton plants 
from the Spotted Boll-worms during all the period of three o~ four months of the 
activities of the pest. It was, therefore, necessary to ascertam the stage of plant 
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groWth, at which the use of the insecticides would be most beneficial upon the 
yield of kapas. The period of plant growth was divided into three parte alP 

under:-

(1) Early part of the season, when most of the Bana, population is con
centrated on the shoots of cotton. 

(2) Period when the flower-bud development is most vigorous. 

(3) Period whe~ the flower-opening is at its height. 

In order, therefore, to determine the most suitable period for using the in&ecti
cides and in order to find out if the aphis infestation could be prevented by blacken· 
ing the insecticides, the following trials were laid out during 1928-29 :-

Plot No. I.-Dusting with blackened calcium arsenate when the Spotted 
Boll-worms are feeding on cotton shoots. 

Plot No. 2.-Dusting with blackened calcium arsenate when vigorous flower
bud development is in progress. 

Plot No. 3.-Dusting with blackened calcium arsenate when the boll-develop
ment has commenced. 

Plot No. 4.-Dusting with calcium arsenate when vigoroUi flower-bud develop
ment is in progress. 

Plot No. 5.-Dusting with sodium silica-fluoride when flower-bud develop
ment is in progress. 

PZot No. 6.-Dusting with blackened sodium silica-fluoride when flower-bud 
development is in .progress. 

Blackened calcium arsenate was prepared by mixing calcium arsenate and finely
powdered charcoal in equal proportions. Sodium ailico-fluoride, ia a heavier salt 
and therefore, one part of finely-powdered charcoal was mixed with two parte of 
this insecticide. 

Each of the plots consisted of 100 plants, and in each case an adjoining plot 
with about the same number of plants was kept a8 a control 

The actual dates of dusting are given in Table XXXVI of Appendix I. 

Foliage injury.-Showers of rain after dusting with sodium silica-fluoride were 
harmful to the foliage. The leaves developed brownish red spots but did not shed. 
They were seen on these plants until the bolls began to opeD. Some of the ftower
buds, however, dropped away from these plants. There was no such injury noticed 
in the plots where calcium arsenate was used. 

Insecticides and Spotted BoU-worms.-Examination of plants for Baria8 larvae 
from the dusted and the control plots showed that sodium silico-ftaoride was dis
tinctly more efiective in reducing the Earia. population in the plots where that 
insecticide was med. 

" 
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TABLE LVII 

Population of Earias larvae on du~ted and control plants 

1928-29 

Date of examination 
No. of No. of No. of Live Dead 

Plot No. plant. flower- EarltJ. Earitu 
examined buds bon. larvae larvae 

---
13th November 1928 , 10 1,157 12 I 'I 

14th November 1928 2 10 1,193 17 17 14 

15th November 1928 5 10 1,247 30 I 'I 

16th November 1928 6 10 1,250 30 6 6 

16th November 1928 Control 10 1,098 29 33 .. 
(Non-

treated). 

lst December 1928 2 10 1,442 191 45 30 

3rd December 1928 4 10 1,905 340 37 49 

5th Deoember 1928 5 10 596 227 .. 15 

6th December 1928 6 10 747 246 2 9 

6th December 1928 Control 10 1,333 108 38 .. 

For the above examinations ten plants were up-rooted from each one of the above 
plots, once during the ,middle of November 1928, eight days after the commence
ment; of the dusting in the respective plots and a second round of samples of ten 
plants from each plot was taken in the first week of December 1928, i.e., nine days 
after th~ 3rd application of the insecticide in each plot. 

APHIS INFESTATION 

In order to estimate the co~parative infestation of this pest under di1terent 
treatments, twenty cotton leaves were collected at random once in a week from 
plot Nos. 2, 4, 5 and 6 and also from a control plot. The aphis on these leaves 
were counted as accurately 8S posSible. 
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TABLB LVIII 

Population oj aphis on 20 ZeatJel J,fJm cotton plot& dwte4 with whil6 and blac1etaed 
powikrB oj imecticidea 

1928-29 

No. of apbla OIl 10 __ 

Plot Treatment No. 8th 15tb 22nd 19th &tb IIltb lOUl 28th 
Dee. Vee. Dee. Dee. J ... J ... Jan. J ... 

-- ----t---- ---- -
II Blackened ""Idum arsenate at t.ra<-es 7 1t7 110 17' 2MI &7& 771 

budodevelopment. 

-, White ""Idum arsenate at bud· 
development. 

.. 165 188 '" IM8 810 1,006 1,707 

------I-----
6 WhIte aodlnm olUco-ftnoride at 

bud-development. 
.. 280 881 681 817 882 1,182 1,87S 

----I---I-----
° IIlackened .odlum ,lUCCI-fluoride - - IS 28 100 lot 78 :70 

at bud-development. 

- --r--- ----I-----
Control (:(ot dusted) - I ee 17 &0 17 T •• 

All tbe plote wore .prayed on"" with n.b-oU roaiJI _p OIl ttb .lUI.....,. 

A small amount of aphis infestation was present on the general cotton crop from 
the middle of December till the end of January. This probably served as a nucleua 
for the higher infestation which was built up in the plots dusted with blackened 
calcium arsenate and sodium silico-fluoride. Out of these two plots the plants 
dusted with biackened sodium silico-fluoride showed a much less infestation, pro
bably because th.is mixture was slightly darker in colour than the powder of blacken
ed calcium arsenate. The plants dusted with white calcium arsenate and sodium 
silico-fluoride suffered from a very serious aphis infestation, because they must 
have attracted. winged aphis from the general cotton area in addition to the trace. 
of original infestation which existed on them. These trials, therefore, showed that 
blackening the insecticide would not altogether prevent the aphis infestation, but 
that it would not be as serious as on the plants dusted with white calcium arsenate 
or sodium silico-fluoride. 

BOLL-DEVELOPMENT AND YIELD OJ' kapaa 
Twenty plants in each of the treated plotS and their controls were reserved for 

studying the effect of the treatments on the flower opening and the development 
of bolls. The weekly flower opening and the relative number of bolls which matured 
is given in Appendix I, Table XXXVII. Besides this, the number of mature bolla 

, 
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from all the plants from the plots were counted, and the kapas from each of the 
plants was collected and weighed separately. The average yield of bolls and kapas 
from these plants is given below. 

TABLE LIX 

Number of bolls and yield of kapas from tke dusted plots and their controls 

1928-29 

Number Number of Weight of 
Percentage 
increase or 

Plot Treatment of bolls kapaa per decrease of 
No. plante per plant in kapaa per 

observed plant grms. plant over 
the control 

. 
1 Blackened calcium arsenate at shoot attack 100 28·3 47-7 -21-1 

I-A Control for plot No. 1 100 24·7 60·5 

2 Blackened calcium arsenate at flower-bud 100 28·2 55·2 8·6 
development.· 

2-A Control for plot No.2 99 27·8 50·8 

3 Blackened calcium arsenate at boll-develop. 100 35·8 66·3 14·9 
ment. 

3-A Control for plot No.3 100 30·6 57·7 

4 White calcium arsenate at flower-bud deve· 100 40·3 64·2 1·5 
lopment. 

4.A Control for plot No.4 100 35·5 63·2 

5 White sodium silico·fluoride at flower· bud 100 25.4 43·5 -43·2 
development. 

5-A Control for plot No.5. 99 41-1 76'6 

6 Blackened sodium silioo·fluoride at flower· 100 32·5 60·4 12·3 
bud development. 

6·A Control for plot No.6 100 29·0 53·8 

All the plots, where the plants were dusted with blackened insecticides yielded 
more kapas than their controls except plot No. 1 and plot No.5. 

Plot No.1 received three dustings with blackened calcium arsenate on 8th, 
18th and 29th October 1928. These plants were not dusted afterwards. As a 
result of these dust;ngs. these plants began to flower vigorously early in November 
(Appendix I, Table XXXVIII); but the application of the insecticide to these 
plants had already stopped, and therefore, the big flower-buds and the young bolls 
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shed in large numbers due to the damage of the Spotted Boll-worms (Plate XV). 
It was, therefore, found that the use of the insecticides during the early part of the 
season would not be practicable because the dustings could not be continued till 
about the end of December when the Spotted Boll-worms normally declined. and if 
they were discontinued earlier. all the advantage gained by the early dustings 
would be lost, because the Spotted Boll-worms would concentrate in these advanced 
plots and would damage the developed forms. It might, therefore, be .tated. 
in general, that the use of insecticides like calcium arsenate and 80dium silico
fluoride during the early part of the plant growth would be distinctly harmful 
under Surat conditions. 

The plot of blackened calcium arsenate at boll-development yielded more 1capa. 
than the plot which received the same insecticide at the time of flower-bud develope 
ment. 

White sodium silico-fluoride at the time of flower-bud development turned out 
to be distinctly harmful, but gave 12·3 per cent more kapaa when it was blackened 
before use. • 

The plants, dusted with white calcium arsenate at flower-bud development, 
yielded nearly five bolls more than the control plants, but they could hardly yield 
two per cent additional kapaa. This was apparently due to the fact that the bolls 
on these plants did not develop normally due to excessive aphis infestation during 
the period of their development. 

SLAKED LIME .AND AFIDS INFESTATION 

Powder of slaked lime is quite as white as the powder of calcium arsenate. A 
test was made to see if the use of slaked lime alone would lead to serious aphis 
infestation. During the course of the above trials, two groups of twenty plants each 
were selected, and one was dusted with calcium arsenate and the other with slaked 
lime. After an interval of about ten days both the groups showed the commence
ment of aphis attack, but the plants dusted with lime had comparative'y very fcw 
aphis on them. Within another ten days, the plants with calcium arsenate wcre 
seriously infested with aphis, whereas, their increase on the plants dusted with lime 
was very slow. It was, therefore, clear that calcium arsenate afforded very much 
better conditions for the multiplication of aphis. 

TRIALS' DURING 1929-30 

In the light of the experience of the previous aeaBOll, it "a8 decided that the 
1lS8 of the insecticides should be concentrated during the boll-development period 
only. . 

, 
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It appeared that during the previous trials excessive quantities of insecticides 
were applied, and hence it was decided to regulate the doses. 

Nicotine sulphate (" Black leaf 40") was also to be used for attempting the 
control of aphis. 

The following trials were, therefore, laid out:-

Plot No. 1.-A cotton plot of one acre to be dusted with blackened calchml 
arsenate at the rate of 20 Ibs. of mixture per acre. Nicotine sulphate 
to be used when aphis appear. , 

Plot No. 2.-0ne hundred plants to be dusted with blackened calcium 
arsenate at the rate of 20 Ibs. of mixture per acre. 

Plot No. 3.-0ne hundred plants to be dusted with white calcium arsenate 
at 20 Ibs. to an acre and nicotine sulphate to be used when aphis 
appear. 

Plot No. 4.-0ne hundred plants to be dusted with white calcium arsenate 
at 10 Ibs. per acre. 

Plot No. 5.-0ne hundred plants to be dusted with blackened sodium silico
fluoride at 40 Ibs. of mixture per acre. 

Plot No. 6.-0ne hundred plants to be dusted with blackened sodium silico
fluoride at 40 Ibs. of mixture per acre and nicotine sulphate to be 
used for controlling the aphis. 

Plot No. 7.-0ne hundred plants to be dusted with white sodium silico-' 
fluoride at 20 Ibs. per acre. Details of the dates of dustings, the 
quantities of insecticide actually used and their cost calculated per 
acre are given in Appendix I, Table XXXIX. 

ApIDS INFESTATION DURING 1929-30 

Traces of aphis were noticed during this season also from the month of December 
onwards on the general CJ;OP of cotton. On the dusted plots they began to increase 
rapidly within four weeks after the commencement of the dustings. 

Small plots of about 100 plants, when they were dusted with calcium arsenate 
or sodium silico-fluoride, developed a serious infestation of aphis. An area of one 
acre of cotton (Plot No.1) was taken for dusting with blackened calcium arsenate 
in order to observe the effect upon a very much larger area when under this treat
ment. Aphis infestation turned out to be the worst in this plot, and could not be 
checked even with two applications of nicotine sulphate (Table LX). 

In plots No.3, 4 and 7 the white powder of insecticides wllS used without any 
dilution. In all these plots, the infestation had considerably advanced by the end 
of December. Nicotine sulphate was then used in plot No.3, but the reduction in 
the population of aphis was only temporary. 
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In the remaining plots No.2, 5 and 6 where the insecticidoa were blackened. 
the infestation was comparatively much lower by the middle of January, and i' 
remained fairly low throughout the season in plot No.6, where besides blackening 
the dust, nicotine sulphate also was used twice. 

TABLE LX 

Weekly population of aphis on the dWJted planl8 in 1929-30 

(20 leaves examined each time) 

No. of apbJa on 110 lea .... eVe17 week 
Plot Treatment nn .... No. 

15th 22nd 29th 5th 13th 210t 2nd 12th 
Ian. Ian. Ian. i'eb. Feb. T.b. » ... K ... 

-------- ---- --
I One acre plot blackened 637 776 934 732 1,152 1,378 tl5~ 130 NI""tlne ::fhat. .... 

calcium al'llt'nate at 110 08_ 2111&1 ... 
IbB. per acre. 

--------
2 Blackened calcium al'!!enate 53 112 84 1110 !42 1,245 158 UI 

at 20 IbB. por acre (10th 
plants). 

------------
S WhIte calcIum al'!!enate at 544 142 48 211 349 587 174 86 XleotlnPl~bate .... 

20 lbe. per acre (100 on 24th Hoe., .... 
plants). I ... and lId J ... 

, WhIte calcium &l1I.nate at 392 205 288 474 827 1,888 451 192 
10 lbe. p.r acre (100 
plants). 

--------I-
6 Black.ned sodinm aiUco. 49 56 107 87 128 430 248 78 

Iluoride at 40 IbB. per acre 
(100 plants). 

------------
6 Blacken.d sodium .m_ 24 17 41 85 54 73 iii tnes XkutlDe :!f" .. te 

Ilnorld. at 40 IbB. per acre _ 011 4t11 lId 
(100 plants), J ... 

7 WhIte sodium .m .... lluorid. 132 "lS1I 561 686 1153 11511 3311 108 
at 20 IbB. per acre (100 
plants), 

Control (Not dusted) . tnes aU IIIoq. . 
It is thus seen that aphis infestation cannot be altogether prevented by blacken

ing the insecticides, but it can be prevented from being as serious as when the 

, 
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insecticides are used without any dilution. Blackened sodium sillco-fluoride, being 
darker than blackened calcium arsenate, was found' to be comparatively more 
effective in preventing serious infestation. 

This drawback of these insecticides is likely to be removed to a considerable 
extent if the powders can be made jet black by adding small quantities of an inert 
colour. Nicotine sulphate mixed with these insecticides or with lime is not quite 
effective in removing the infestation entirely, and the use of such a costly insecticide 
on a large scale is prohibitive. 

YIELD FROM DUSTED PLANTS AND THEIR CONTROLS 

Acceleration of flowering and better retention of the earlier flowers was noticed 
dUring this season also (Appendix I, Table XL). But, as already stated, the aphis 
infestation appeared this year also and prevented any accurate measure of the 
effectiveness of the insecticides. Plots No.5 and 7 alone showed an increase of 
7 and 20 per cent respectively in the yield of 'kapaa, whereas the increase was in
significant in plot No.4, and there was a decrease in the yield of the remaining 
four plots. 

TABLE LXI 

Yield oJ kapaa Jrom the plot oJ one acre dusted with blackened calcium arsenate and 
. also Jrom the three adjoining control plots 

1929-30 

Area. Yield of 
Trea.tment under Wpa8 per 

tria.l acre 

Acre Pounds 

Dusted with blackened ea.lcium arsenate at 20 lbs. per acre and used nicotine 1 370·23 
sulphate twice (Plot No.1). 

Control No.1 . . 1 382-10 

Control No.2 . . . 1 386·0 

Control No. 3 . . . . . . . . . . . 1 362·65 
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TABLlI LXII 

Yiekl of mature bolls and kapasfrom the dusted plou and their control., iJl1929-30 

(100 plants in each case) 

Tow ~roentage 

Plot Tow No. yield of inCft'ueor 
No. Treatments 

of bolls _Ieabl. doIcreua 
./taptU OnT 
In grma. control 

2 Blackened calcium arsenate at 20 lbe. per acre 2.871 5.Ma 

2A Control . . . 3.0M 15.876 -3-9 

3 White calcium arsenate at 20 Jbe. per acre and 
nicotine lulphate againat aphis. 

2.650 15.1M 

3A Control 2.818 5.6M -8·15 

4 White calcium arsenate at 10 lbs. per acre • 2.647 5,092 

4A Control . 2.494 4.978 2-3 

5 Blackened sodium silico·lluoride at 40 lbe. per 2,781 5.400 
acre. 

5A Control . 2,579 5.062 8'8 

6 Blackened sodium 8i1ioo.lluoride at 40 lbs. per 2.690 5,360 
acre and nicotine sulphate againat aphis. 

6A Control . . . . . . . 2,710 5,.551 -3-, 
7 White sodium silioo·lluoride at 20 lbs. per acre 3.231 8.232 

7A Control . 2.600 5.185 20 

The first four plots were devoted to studying the most effective way of using 
calcium arsenate. Out of these plots, No .• only showed a slight increase in the 
yield of kapaa. 

Sodium silico-fluoride was tried in the remaining three plots, and two of them 
(Plot'! No.5 and 7) yielded 6·6 and 20 per cent more kapaa respectively than their 
controls. The increase in yield in both the cases was not large enough to cover 
the co!'t cd the insecticides, as can be seen from the following considerations ;-

(1) Plot No.5 yielded 338 grrns. more kapaa than its control At this rate, 
the increased yield of kapaa per acre would be 28 pounds and would 
fetch about Rs. !-3-0, while the ~ost of the insecticides required would 
be about Rs. 27-12-0. 
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(2) Plot No.7 yielded 1048 grms. of kapaa more than its control. At this 
rate the extra yield of kapas would be about 86 pounds per acre, 
and would fetch about Rs. 12-14-0. The cost of the insecticides 
required for the treatment of one acre would be about Rs. 23-8-0. 

Plots No.5 and 6 both received similar treatments, and plot No.6 received 
the further advantage of nicotine sulphate in the last two dustings. It is, however, 
IItrange to find that plot No.5 has yielded more kapaa than its control, whereas 
the yield of kapas from plot No.6 has been less than that of its own control. 

The experiments indicate that it is uneconomic to use these insecticides for 
controlling the Spotted Boll-worms. As the trials have been described, more or 
less in chronological order, the more important conclusions are summarised below. 

Conclusions 
(1) Lead arsenate and Paris Green, applied to the cotton plants in the form 

of dust or spray,' are not useful in preventing damage by Spotted Boll-worms. 
(2) Calcium arsenate dusted on the cotton plants, without any dilution, is effec

tive in killing a large number of the Eanas larvae. The tiny larvae, as soon as 
they emerge from the eggs, have the habit of wandering about on the plants, for 
some time, before they start feeding. These larvae come in contact of the dust 
and are killed in large numbers. 

(3) The protection afforded by this insecticide to the cotton plants from the 
Banas larvae, results in the earlier flowering on the dusted plants and a better reten· 
tion of bolls from these flowers. 

(4) Within a period of about four weeks from the commencement of dusting of 
calcium arsenate, a serious infestation of aphis develops on the cotton plants. As 
a result of this infestation, the yield of kapas from these plants is generally reduced. 

(5) It is found that the white colour of this insecticide attracts the winged aphis, 
which multiply rapidly. on the plants. Blackening the dust of calcium arsenate, 
by adding an equal quantity of finely powdered charcoal before using, reduces 
the infestation but does not prevent it altogether; because the small local infes
tation, which exists on most of the cotton plants, gets extremely favourable con
ditions for multiplication, as they are protected from some of their important 
enemies by this insecticide. 

(6) Sodium silico-fluoride also, in the form of white dust, is more, effective in 
killing Earias larvae on the cotton plants than calcium arsenate. 

(7) Earlier flower-opening and better retention of bolls from the early flowers 
is noticed in plots dusted with sodium silico-fluoride. 

(8) One part of finely powdered charcoal and two parts of sodium silico-fhloridc 
form a mixture which is darker than blackened calcium arsenate, and probably 
due to this reason, the aphis infestation remains at a slightly lower level on the 
plants dusted with this mixture than on those which receive blacJnmed calcium 
arsenate. 
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(9) The leaves of cotton are scorched, and develop reddish brown patches, if 
showers of rain are received after the plants are dusted with sodium silico-fluoride. 
These leaves, however, do not shed but some of the flower-buds drop away due 
to this injury. 

(10) The use of calcium arsenate or sodium silico-fluoride, only during the early 
part of the cotton-growing season, is harmful because the flower-buds and bolla 
saved from the Spotted Boll-worms during the above period are seriously damaged 
soon after the dustings are discontinued. It is, therefore, advisable to start the 
usc of these insecticides late in the season and to continue it till the Eariaa popula
tion normally declines by the end of December or early in January. 

(11) Nicotine sulphate used after mixing with calcium arsenate, sodium silico
fluoride or slaked lime (5 parts nicotine sulphate to 100 parts of one of the three 
powders) helped to dislodge most of the grown-up aphis from the plants, and thus 
to reduce the infestation to a great extent. This reduction was, however, only 
temporary. 

(12) In several cases the yields of the plants, which were dusted either with 
white or blackened calcium arsenate or sodium silico-fluoride, were greatly reduced, 
in spite of the advantages mentioned above. This was apparently due to the serious 
aphis infestations which developed on the dusted plants. 

(13) Higher yields of kapaa were obtained from the plots, where the following 
treatments were attempted, than their respective controla. The extra yields, how
ever, did not cover the cost of the insecticides, and hence the treatments were found 
to be uneconomic. 

(1) 8·6 per cent higher yield of kapaa during 1928-29 by using blackened 
calcium arsenate at flower-bud development (4 dustings). 

(2) 14·9 per cent higher yield during 1928-29 by nsing blackened calcium 
arsenate during boll-development (4 dustings). 

(3) 12·3 per cent higher yield during 1928-29 by using blackened sodium 
silico-fluoride at flower-bud development (4 dustings). 

(4) 6·6 per cent higher yield during 1929-30 by using blackened sodium 
silico-fluoride at 40 lbs. of mixture per acre for each dusting 
(4 dustings). 

(5) 20 per cent higher yield during 1929-30 by using white sodium ailico
fluoride at 20 lbs. per acre for each dusting (4 dustings). 

(14) There is a great possibility of these insecticides (calcium arsenate and 
sodium silico-fluoride) being very uSeful in controlling the Spotted Boll-worms if 
by .. some means the aphis infestation, which develops after their use, can be pre
vented altogether; or if a very cheap and effective method can be found for des. 
troying t~e aphis. . . 

(15) Of ihe iwo insecticides, 1I0dimn silico-fluoride is the more efficient, 
, 
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8. CLEAN-UP MEASURES 

The experience of Gough in Egypt [Gough, 1919] showed that there was a great 
possibility of controlling the Spotted Boll-worms on cotton, if suitable conditions 
are available for keeping all the cotton tract free from the food of these insects 
during the period between thll two cotton-growing seasons. 

At the Third Entomological Conference at Pusa [1919] Dr. Gough stated his 
experience as under :-

" •........... We had legislation against Eanas and the result is that what 
was a bad pest in 1912 is only a quite minor pest now. In 1910-12 at the electric 
light on our verandah we used to attract twenty or thirty Eanas insulana moths 
every evening, but now-a-days this species is comparatively a rarity, and the per
centage of cotton bolls attacked by Earias is well below ten per cent. The legis
lation laid down demands that all cotton sticks be pulled out and burnt; and this 
applies also to Hibiscus esculentus and Hibiscus cannabinus. Thus for five months 
there is no food available for Eanas as we do not leave any cotton or Hibiscus or 
any other food plant. Legislation on such lines forms the best meaus of control. " 

The attempts at direct control having failed to provide a practical remedy, 
it became necessary to consider if a preventive measure like the clean-up campaign 
could be profitably used for controlling this pest on cotton in Gujarat. 

The last picking of cotton is generally over in this tract before the end of April, 
and sowing of the cotton crop of the next season commences some time from the 
middle of June to the middle of July according to the condition of the monsoon. 
Usually it is not till August that the plants grow to a size when the Spotted Boll
worms can thrive on them. It is, therefore, necessary to understand what happens 
to these insects during this period of nearly three months, and what may be the 
sources of fresh infection to the next crop. The possibilities are :-

(1) Aestivation between cotton seasons in one stage or another of their life. 

(2) Active breeding throughout this period, in places where food may be 
available. 

Nothing is so far known which would indicate the possibilities of aestivation 
of the Spotted Boll-worms. They have been collected in active condition throughout 
the year and have been reared in the laboratory during all the months. It was, 
therefore, decided to study the role of difierent plants in providing food for the pest 
in the field dupng the period of about three months between seasons. 

(1) Wild food plants. 

(2) Cultivation of bhendi. 

(3) Freslt growth from cotton plants and their stumps. 
G 
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Wild food-p'tamts 
The following wild food-plants of the Spotted Boll-worms are met with in the 

locality:-
(1) Hibiscus rugosus. 
(2) Hibiscus 1Mnilwt. 
(3) Hibiscus ficulneous. 
(4) Hibiscus paruluraeformis. 
(5) Abutilon irulicum. 
(6) Abutilon graveolens. 

All these plants spring up after the commencement of the motl8OOn, and it is 
not till about the end of August that EarUu population can be found on them. 
The pest appears almost simultaneously on these weeds and the fresh crop of cotton 
(Appendix I, Tables XLI to XLIV). Earias larvae can easily be collected from 
these weeds during October and November, and the AbutiZcms, in particular, are 
severely attacked during these months (Appendix I, Table XLIV). 

By about the month of January, however, most of these plants dry up. Only 
a few stray plants of Abutilon are noticed with green leaves and pods, after January, 
in hedges or in neglected parts of gardens (Appendix I, Table XLV). A few plants 
of Hibiscus paruluraeJormis are also found in the fields during summer, but the 
population of boll-worms on these plants is very meagre. 

Barring the stray plants of Abutilon and Hibiscus paruluraeformis, the weeds 
do not afford any help for the Spotted Boll-worms to tide over the off-aeason. 

CULTIVATION 01' bheruli (HibiscUl esctdentus) 

It is usually with the first showers of the monsoon that the bheruli crop is sown 
on a !arge scale, and quantities of bheruli pods are available in the market by the 
middle of August. Though this is mainly a monsoon crop, a few scattered plots 
of this vegetable are met with even during the summer in the irrigated areas around 
wells.. These plants are profusely attacked by the Spotted Boll-worms (Appendix 
I, Table XLVI). 

This happens to be a favourite host for Eari.aa caterpillars and the cultivation 
of bheruli certainly helps the carry~ver of a very large number of these insecta 
from one cotton-growing season to another. 

Besides these stray plots of bheru1i in summer, there is another p088ibility of 
the infection of the pest being carried by these pods. During May, June and July, 
the local supply of this vegetable becomes almost negligible, and pods are, therefore, 
imported in the important market centres, like Surat, from distant placea like 
Ahmedabad, Nasik and Poona. These pods in the market also show the presence 
of Earias larvae in them. A coastal village named Hajira near Surat also specially 
grows bheru1i during the summer and supplies these pods to Surat market in June 

, 
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TABLB LXIII 

Examination of bhendi pods from Sural market 

Quantity No. of No. of 
Date of examination of pods pods Earias Sources of pods 

examined examined larvae 

Lbs. 

6th May 1929 . 3 200 3 Ahmedabad. 

18th May 1929 5 240 3 Do. 

25th May 1029 5·5 362 13 II&jira. Distriut Surat. 

1st Juno 1929 5 329 8 Do. 

8th June 1929 4 255 12 Do. 

15th Juno 1929 2 114 9 Do. 

22nd June 1929 5 294 15 Do. 

29th June 1929 5 260 8 Do. 

5th July 1929 5 222 4 Poona or Nasik Bide. 

12th July 1929 5 101 17 Do. 

19th July 1929 5 189 5 Do. 

27th July 1929 5 192 2 Do. 

2nd August 1929 5 176 "il. Do. 

3rd May 1930 . 4 275 8 Ahmedabad Bide. 

8th May 1930 . 5 274 13 Do. 

15th May 1930 4 173 11 Do. 

24th May 1930 . 3 232 10 Do. 

31st May 1930 5 328 18 Do. 

7th June 1930 Ii 290 11 najira, Diamot Surat. 

14th June 1930 5 228 3 Do. 

21st June 1930 5 199 2 Do. 

28th June 1930 5 179 6 Bombay side. 

5th July 1930 5 243 3 Do. 

12th July 1930 5 228 3 ]')0. 

G2 
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Bhendi is thus seen to be an important source of food of the Spotted Boll-worma 
during the period between the two cotton-growing seasons, and it is, therefore, & 

source of infection to the cotton crop of the next season. not only in places where 
it is cultivated but also in distant places where its pods may be exported for table 
purpo~es. 

FRESH GROWTH FROM THE COTTON PLANTS 

When the last picking of cotton is over, the green growth on the cotton planta, 
consisting of tender shoots, flower-buds and young bolls, is practically absent, 
except on a few border plants. A few days later, however, most of these planta 
begin to sprout, and fresh vegetative shoots, flower-buds and young bolls begin to 
arise. The fresh growth from the standing cotton plants provides food and shelter 
to the Spotted Boll-worms until the plants are removed by the cultivators (Appendix 
I, Table XLVII), who do not show any particular anxiety to clean-up their cotton 
fields very early and the operation of the removal of the cotton planta proceeds 
slowly. 

TABLE LXIV 

The progress of tke removaZ of cotton plants in a tJI,"Zlage called Piplod near Sural 

Time of removal .Area oleared 
RIIIUlUlI up in &Cl'88 

26th April 1928 · · · · · · 36 

} 9th May 1928 · · · · · · 46 
Total area 116 aorea. All tickinlr 

23rd May 1928 · · · · · · 12 of IoaptU over on the lOt April 
1928. 

7th June 1928 · · · · · · 22 

23rd March 1929 • · · · · · 6 

6th April 1929 · · · · · · 21 

20th April 1929 · · · · · 69 
Total area 93·26 aorea. AD pick-

3rdMay 1929 · · · · · · '1 Ingl of IoaptU over by the Iu$ 
week of March 1929. 

17th May 1929 · · · · · · I 

1st June 1929 · · · · · · I . 

Fields are often seen where cotton plants are allowed to stand until the monsoon 
and a few cases are also found where the plants continue to stand even during the 
next season, the plots being neglecte.l by Qie cultivators due to some reason or the 
other. 

, 
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In one case a ratoon crop of cotton was observ~ in a plot at Bharthana.near 
Surat during 1928-29. The plants were cut off, leaving a stump of about 8 to 12 
inches from the ground. These plants put up luxurient growth with the com
mencement of the monsoon, and flowering was noticed on these plants in the second 
fortnight of September, when the flower-bud development on the new crop had 
just begun. Ten plants from this plot were kept under observation, and another 
group of ten plants from the new crop was reserved for similar observations for 
comparison (Appendix I, Table XLVIII). The first flush of vigorous flowering on 
the ratoon plants appeared very early and continued till the llliddle of October, 
while the flowering on the new crop commenced in the middle of November. The 
result of the early flowering on the ratoon crop was that the Spotted Boll-worms 
concentrated on these plants, and destroyed most of the young bolls and the 
developed flower-buds and the vigorous flowering abruptly came to a close at the 
end of the second week of October and could not commence again for about four 
weeks. The second flush of flowering which appeared on the ratoon plants along 
with the normal flowering of the new crop was very poor. 

TABLE LXV 

Flowering and boU-ahedding on the ratoon plants and tIle new crop of coUon 

(10 plants in each case) 

- Flowers Bolls Bolls Bolls shed due 
opened matured ahed to Eariaa 

Ratooncrop 234 42 192 136 

New crop 548 228 320 106 

These observations indicate that the ratoon crop of cotton cannot yield a good 
crop of kapaa as it is severely damaged by tha Spotted Boll-worms, and also that 
it is harmful to the new crop of cotton 8S it affords a good breeding ground for this 
pest in the earliest part of the season. 

It is fortunate that the fresh growth from the standing cotton plants in summer 
from most of the open fields (not fenced) is generally destroyed by the cattle; . but 
the cotton plant shows a remarkable tenacity of life and the cotton sticks grazed 
by the cattle quickly develop fresh shoots. 

Next to bhendi, therefore, these standing cotton plants are responsible for SUPpJy6 
ing food to these larvae for passing over from one cotton-growing season to 
another. 
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FRESH GROWTH FROIl STUMPS 

The cotton plants are removed by the cultivators by hacking them with a ludali 
(light pick-axe) near the ground level (Plate XVI, Fig. I). A small stump of each 
one of these plants remains in the soil. Some of these stumps put up fresh growth 
within a few days after cutting, and plots from which the plants are removed the 
earliest usually contain a large number of sprouts, even before many of the other 
cotton fields are cleared off. Thus there is an overlapping of the sprouting from the 
standing cotton sticks and the stumps. 

TABLE LXVI 

Sprouts of cotton 8tump8 from a plot on Sural Farm 
(Plants removed by hacking with /ftulali on 23rd April 1928) 

Date of observation 

21st May 1928 

Total No. of 
hilla in the 

plot 

2,105 

No. of bilI.B 
ahowing 
IproutB 

812 

8th June 1928 2,105 1,286 

Peroentage 
of 

IproutinJ 

39 

62 

Plot harrowed On the 14th of June preparing the land for jowa, 

186 I 
1~ 11th July 1928 : I 2,105 28th June 1928 

2,105 

J owa, sown in the third week of July 
31st July 19.28 .1 2,105, 1,065 

TABLE LXVII 

Sprouts from cotton stump8 from a cultivator', plot 
(Plants removed by hacking with a kudali on 3rd April 1929) 

Total No. of No. ol&tamp 
Date of observation plante showing 

removed IproUtB 

7th May 19211 • • . · · 6,091 2,239 

22nd May 1929 · · · . 6,091 3,243 

lIOth May 19211 · . · · . 6,091 3,516 

Not harrowed in ~e middle of June 
26th JUDe 1929 ., 6,091 947 

" 

II 

9 

151 

Percentage 
ol 

8proutillJ 

37 

53 

68 

18 



PLATE xn. 

FIG. 2. A shoot sprouting from a stump of cotton plant. 



PLATE XVI. 

FIG. 1. Removing the cotton plants with a light pick.axe. 

~-- ~~-

FIG. 2. A shoot sprouting from a stump of cotton plant. 



PLATE XV]~. 

FlO. 1. A shoot sprouting from a side root 
of a stump of cotton plant. 

FIG. 2. A cotton plant-puller. 
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!n another case, ninety-three acres of cotton were kept under observation 
durmg 1929 in a village called Piplod. The last picking of cotton was over at" the 
end of March 1929. " 

TABLE LXVIII 

Rough estimate of sprouting from stumps in 93 acres of cotton at Piplod 1929 

ACRES SHOWING PERCENTAGE SPROUTING FROM 
STUMPS 

Date of obsorvation 
Less Between Between lIloro 
than 25 and 50 50 and 75 'than 

25 per cent per cent per cent 75 per cent . . 
27th A pril1929 . 10 .. .. .. " 

3rd May 1929 .. .. 8 .. 
10th May 1929 8 .. 3 .. 
17th May 1929 28 .. 5 .. 
25th May 1929 61 5 5 .. 
1st June 1929 54 7 2 5 

12th June 1929 51 13 9 5 

22nd JUDe 1929 35 18 .. 1 

27th JUDe 1929 52 21 13 .. 
20th July 1929 67 8 .. 7 

It is interesting to note that most of the sprouts arise from the adventitious 
buds, because the plants are cut off below the cotyledonary nodes (Plate XVI, 
Fig. 2). More interesting still is the fact that we often come across shoots which 
have sprung up from the side roots of these stumps (Plate XVII, Fig. I). 

Eanas larvae can be collected from these shoots as soon as they are about 
four to six inches in height (Appendix I, Tables XLIX and L). It is, therefore, 
seen that the fresh growth from the standing cotton plants and their stumps, the 
cultivation of bhendi, and the presence of stray plants of a couple of malvaceous 
weeds constitute the supply of food, which enable the Spotted Boll-worms to pass 
over from one cotton-growing season to another. 

The cultivation of bhendi during this period is most harmful, because it harbours 
a" very large population of these worms and the presence of even a few plants is 
enough to re-infect large areas of cotton. The responsibility of standing sticks, 
for providing food and shelter to these worms during the off-season, comes next. 
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The weeds and the sprouts from cotton stumps are comparatively leas dangeroul 
because the Earias population on them, during this critical period, is generally 
very meagre (Plates XVIII and XIX). 

Having traced the means of carry-over of this pest from one season to another 
in Gujarat, where the period between the two cotton-growing seasons is com
paratively short, observations were made in Khandesh where the off-season between 
the two crops is more than six months, and where the climatic and soil conditions 
are unsuited for the sprouting of the cotton plants or their stumps (Appendix 
IV). 

These observations showed that the cotton areas in Khandesh are cleaned up 
before the end of March, and the stumps do not put forth new shoots, as they do 
in Gujarat, and hence there is no food available for the caterpillars in general 
cotton areas. There are, however, many irrigation wells in several villages, and 
the irrigated plots around these wells are found to be chiefly responsible for helping 
the. carry-over of this pest in Khandesh, because old plants of cotton and plants 
of Abulilon are found growing in BOme of these plots, and bhendi is also grown in 
some during the period between the two cotton-growing seasons. 

The knowledge of these facts leads to the conclusion that if the above sources 
of food, during the period between the two cotton-growing seasons, can be destroyed, 
the presence of the Spotted Boll-worms on the next crop of cotton can be eliminated. 
This would only be possible if a perfect clean-up campaign were organised over a 
very large area, and the cleaning-up is thoroughly carried out. It is essential to 
attend to the following points while arranging such a campaign :-

(1) DESTRUCTION OJ' WEEDS 

It has already been mentioned that out of the several wild food plants of the 
Spotted Boll-worms, only a very few plants of Abulilon and Hihi8ctu 'Polrulurae/(Yf'fni. 
are met with in green condition during the summer. These must be destroyed. 
It must, therefore, be brought home to the cultivators that these plants growing in 
their plots and hedges are distinctly harmful to the cotton crop, and must, there
fore, be removed as soon as they make their.appearance. 

(2) ELnaNATION OJ' bhe1uli 

Bhendi in summer can only be grown where irrigation facilities are available. 
Even with these facilities it is very difficult to get a good crop in summer, because 
the growth of the plants is stunted due to the extreme heat; and also they are 
seriously infested by the Spotted Boll-worms. It is, therefore, advisable that the 
plants should not be grown by the cultivators during the months of April, May 
and June, in the interest of the large areas of their cotton crop • 

.. 
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(3) PREVENTION OJ' GROWTH FROM THE STANDING ~OTTON PLANTS AND THEIR 

STUMPS 

Fresh growth from the'standing cotton plants will not be available if the plants 
are removed immediately after the pickings of kapas are over. The absence of these 
plants will also prevent unnecessary drain of the plant food from the soil. 

lt is found that when the plants are removed by the usual method, fresh growth 
appears from the stumps which remain iIi the soil. A trial was made of removing 
the plants a little deeper, by hacking them after removing one or two clods near 
the stems with a light pick-axe. 

TABLE LXIX 
Sprouting from stumps in a plot where the plants were dug deeper 011 27th April 1928 

Surat Farm 

Total No. of No. of hills Percentage 
Date ot observation hills in the showing of the 

plot sprouts sprouts 

23rd May 1928. 2,771 44 1·6 

8th June 1928 • 2,771 129 4·7 

Plot harrowed on 14th June for preparing the land for jowar. 

28th June 1928 ·.1 2
2

',777
71
1 I 443

8 
I 

llth July 1928 

Jowar sown in the third week of July. 
31st July 1928 2,771 63 

TABU LXX 

1·6 

1-7 

1·9 

Sprouting from stumps in a plot where the plants were dug deeper 011 3rd April 1929 

Cultivator's plot 

Date of observation 

'1th May 1929 • 

22nd May 1929 

30th May 1929. 

No. of plants 
removed 

5,707 

6,707 

No. of stumps 
showing 
sprouts 

187 

660 

5,707 837 

Plot harrowed in the middle of June. 
26th June 1929 6,707 I 190 

Percentage 
sprouting 

3 

10 

15 

3 
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The sprouting from stumps was considerably reduced by this method. but it 
was not eliminated. It was, therefore, considered that the sprouting could be 
'prevented completely. only if the plants were pulled out with their roots. In 
several cases it was impossible to pull out the cotton plant in this locality even 
if two men tugged at it. It was, therefore, decided to prepare a mechanical device 
for doing this work. A large number of small tools of iron and wood were devised 
but they were not found to be quite suitable for this work. In the meanwhile we 
came across an old model prepared some time in 1911 at Coimbatore, devised on 
the principle of a nail-puller luch as is used fot extracting naila from deal-wood 
boxes .. It could pull out the plants, but it had a very heavy handle of iron. and 
it often went out of order. as it was defective in several places. A large number 
of trials were made to perfeot this tool. and the construction had to be radically 
changed before a satisfactory implement for uprooting cotton plants was evolved. 

With this plant puller (Plate XVII, Fig. 2 and Plate XX). the cotton plants 
can be pulled out very easily. Most of the tap root and the main side roots are 
pulled out, while the thinner roots are left in the soil. A cultivator can work with 
this implement for the whole day without any abnormal exertion, and can clear up 
at least as much area as he can do with his kudali by the old method. The 
implement at present costs Rs. 1-4-0. 

Trials are now in progress for testing these measures by organising a clean-up 
campaign in an area of about 480 square miles, which· has about 80,000 acrea 
under cotton in the Broach District. The results of theso trials will be available 
in due course. 



PLATE xx. 

A cotton-plant puller 10 action. 
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APPENDIX I 

TABLE I 

Le·ngth of life of Earias moths and the eggs laid by them, 1930-31 

No. of No. of Total No. 
Pair 

Date of emergence of moths 
days the days the of eggs 

No. female male laid REMARKS 
moth moth by the 
lived lived female 

1 4th November 1930 23 20 

36~ 2 5th November 1930 23 12 655 
3 7th November 1930 23 23 185 
4 7th November 1930 20 20 415 
5 8th November 1930 21 21 617 
6 10th November 1930 • 14 14 332 
7 10th November 1930 '. 18 18 335 341 eggs per female 
8 22nd November 1930 16 13 414 moth, which emer· 
9 24th November 1930 • 20 20 400 ged in November 

10 27th November 1930 • 24 10 424 1930. 
11 27th November 1930 • 17 17 100 
12 28th November 1930 • 10 4 160 
13 28th November 1930 • 14 14 134 
14 29th November 1930 • 15 5 231 

15 3rd Deoember 1930 · 28 27 35,!, 
16 7th December 1930 27 .. 608 
17 7th December 1930 24 .. 238 
18 8th December 1930 13 .. 229 
19 8th December 1930 24 22 101 
20 8th December 1930 32 10 423 298 eggs per female 
21 8th December 1930 34 .. 354 moth, which emerg. 
22 12th December 1930 :. 8 7 llO ed in December 
23 18th December 1930 14 14 232 1930. 
24 20th December 1930 27 .. 589 
25 21st December 1930 . 29 4 

192J 26 21st December 1930 16 12 373 
27 31st December 1930 11 5 171 
28 31st December 1930 . · 14 14 198 

29 1st January 1931 8 .. 

'I 30 1st January 1931 11 4 114 
31 3rd January 1931 11 .. 279 
32 7th January 1931 7 .. 156 185 eggs per female 
33 9th January 1931 12 9 96 moth, which emer· 

34 9th January 1931 · 20 .. 363 ged in January 
35 11th January 1931 · 18 .. 205 1931. 
36 11th January 1931 13 9 81 
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No. of 
days 

-- after 
Pair emergence 
No. when 

the 1st 
egg was 

laid 

I 5 
2 6 
3 5 
4 5 
5 4 
6 1 
'1 3 
8 3 
9 2 

10 1 
11 1 
12 1 
13 1 
14 2 

----
TOTAL • .. 

---
Average per .. 

pair. 

TABLE III 

Average number oj egg8 laid by Eanas fTWth.s during August and September 1924 

No. of eggs laid daily 

1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 

---------- ------ --- - - - -
41 44 47 29 29 18 16 14 14 n 7 4 4 5 4 
23 4 38 49 63 48 34 21 22 .. .. .. . . 
49 63 11 1 76 19 4 2 8 22 4 7 9 1 .. 
53 46 39 43 51 29 32 29 19 .. .. .. .. .. . . 

113 81 76 79 56 32 37 21 19 .. .. . . 
55 87 98 127 87 38 69 37 25 43 13 6 12 .. .. 
50 91 45 56 47 57 46 23 24 19 16 .. .. .. .. 
4 76 63 51 38 37 13 32 9 4 .. .. .. . . 

12 5 62 77 86 72 52 38 51 32 34 24 16 19 .. 
84 98 75 60 48 25 29 38 28 6 .. .. .. .. .. 

104 64 83 25 47 43 29 24 22 . , .. .. .. .. . . 
132 no 70 52 43 14 .. .. .. .. .. .. .. .. . . 
139 162 108 44 21 .. .. .. .. . . 
12 24 26 42 57 45 58 27 18 16 22 9 14 .. . . . 

------------------- ._- - - - - --
871 955 901 735 749 477 419 306 259 153 96 50 55 25 4 

-----------.----------_. - - - -- -
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

Total 
eggs. 

---

287 
302 
336 
341 
514 
697 
474 
327 
580 
491 
441 
421 
474 
370 

---
6,055 

---
432·5 

No. of 
days 
the 

female 
moth 
lived 

---
23 
18 
21 
16 
15 
IIi 
16 
15 
18 
13 
i2 
9 
8 

17 

---
.. 

---
15·5 
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~ 
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~ 
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~ 
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TABLE IV 

Periodical bud formation, flower-opening, and sheddin.1J of flower-buds and bolls; and the causes of shedding 

; 
(49 plants observed at Surat during 1925-26) 

~ } } } 

I Ii i J } } .Ii Iii .Ii .Ii j i i i i i i t a J § Ii ~ a ~ a a a i 
.c 

1 a 
.8 '" ... s ~ ~ : § § § 

~ ~ ~ .. .. " ~ ~ ~ .. .. ... " 0 0 0 A A A .. 
III 

~ ~ 
0 

~ :S ~ :S :S 
A :S ~ ! "" :S ~ 1 :s ~ ~ ~ ~ ~ 

~ ~ :J ~ co ... ... gj .. ... i ... ... ... .. ... ... ., .. ... .. ... ... ... ... 01 ... - - -- -- - - - -
Flower·bud formation. 98 225 SS9 465 781 8S7 1,192 1,494 1,254 1,415 1,528 1,294 779 42S 188 '7 8 5 .. .. .. .. . . 

- - - - - --------- ---- - - ~ - - -
Flower-bud obE'ddlDI • 8 85 1M 266 859 458 829 1,059 1120 7'9 758 675 447 '93 648 612 227 98 i6 .. .. .. .. 

- - - - ------------------ - - 1-- - - -
JI'1own·buda .hed due .. .. 41 71 110 201 'S6 671 503 502 871 857 208 196 U8 77 22 Z .. .. .. .. .. 

to boU·worma. 

- - 0-- - -------------- - - - - -- - - - - -
J'lower·buda .hed due II 82 117 178 217 216 858 447 290 211 238 288 221 262 '2' 881 170 88 .. .. .. .. .. 

to other OIuaee. 

- - - - - ------~ ---- - - - - -
J'lower oJlf1llntl • . .. .. .. .. .. .. U U 15 17 811 21' 582 7n 764 848 878 128 25 • .. .. .. 

- ------
Total boD obE'ddlna .. .. .. .. .. .. 7 20 16 11 17 U 58 181 2;11 W 5115 4M 116 24 Jl 1 .. 

- - - - -
Bon •• hoc! lIu to bon- .. .. .. .. .. .. 7 18 11 • 111 II 40 18 76 18 .,. U .. • 1 .. .. -- .-- -- - - - --
BoIII.hoc! due to other .. .. .. .. .. .. .. I I I I II 18 7. 201 1511 521 .41 101 11 10 1 .. --

~ ---
12,841 

8,786 

8,8l1li 

---
',1211 

---
I,m 

-
1,157 

---
418 

1,711 
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TABLii V 

Periodicaljlower-budJormation,jlower-opening, and shedding oj flower-buds and bolls; uith causes oJtheir shedding 

(20 plants observed during 1926-27 at Surat) 
Ol 

~ 

ti Iii Iii ~ Iii j ~ ~ ~ ~ ~ 
.:. ~ t ~ i i Iii Iii ,Q ,Q ,Q 

i ~ Iii ,Q 13 13 ~ 
,Q 

i 13 13 II ,Q ,Q 13 ~ S ~ ~ ~ ~ 8 § .. ] " -- .s .. 8 ~ " " .l3 ,Q 

~ 
0 0 

~ ~ " ~ ~ 
.. .. ... ... 0 0 0 iZ< iZ< .. ~ ~ ~ " .. 
"" "" "" ~ 0 0 

~ ~ ~ ~ 
~ 

~ ... ~ 
... 

~ '" '" ~ ~ ~ il ~ ~ ~ ~ ~ 1il := ~ " ~ ~ ~ r- ... '" '" gj '" co '" ill ~ co ... co .. .. ... co ... ... ... .. ao ... co '" ... ... -- - -- - - - ------ - -- - -- - - -- - - - - - - ---

~ 
~ 

i 
E 

Flower-bud formatloD 29 65 110 284 462 611 614 056 696 677 544 497 225 254 130 119 86 46 26 8 12 16 -- 6,946 
~ -- -- -------------------------------------------

Flower-bud sbeddlng (total) -- 6 94 91 96 Uti 274 926 441 414 455 628 476 824 281 196 101 18& 194 ),57 68 18 16 4,766 

-- ---------------------------------------------
Flower-buds sbed due to boll-worms -- .. 6 S 14 40 109 157 260 247 267 828 276 189 162 67 62 49 89 11 2 -- -- 2,288 I 

-------- -- ---------------- --------------------- ~ 
Flowar-buds shed due to other can ... _ -- 9 26 17 62 85 120 140 140 148 164 185 189 122 112 62 99 127 149 149 61 16 13 2,166 

'-- ------ -----------------------------------------
Flower opening -- _. .. .. 3 7 82 40 40 71 67 88 89 68 96 86 92 114 125 116 40 8 .. 1,180 

------------------------ -----------------------
BoU·!heddlng .. .. .. . . .. .. 8 14 28 97 65 82 81 65 60 45 88 88 65 46 64 10 5 706 

-- --------"---------I- ---- -- - ---- -- _. -- ---------

i 
~ 

Bolla .hed due to boU-worme .. .. .. .. .. .. 6 10 21 82 46 56 74 58 52 96 20 17 27 12 6 .. .. 482 

- --.----- '----- '- - -- --.---.---.-----_. --.-------
Boil. ahed due to otber cause. . .. .. .. .. .. .. 2 4 2 5 0 6 7 7 8 9 9 21 28 34 58 10 6 224 

.... 
8 



TABLE VI 

PtriodicaZ Jlowtlf-bud formation, Jlow6f'-opening ana .hedding oj Jlower-buds and boZlll j with causes of their shedding 

(16 plants observed at Surat during 1927-28) 
~ 

J I J I j ~ f J I ~ J j j ~ i ! I i J f f f I J i ~ i i I il' ~ ~ ! 8 
~ - .. C> ~ .. .. ~ 

.. .:: .. 
III 0 )r; A A A A ~ 110 110 

! .g .g ~ i ;l ;l ~ ;l ~ ;l ~ 
.. ;l ;l ;l .g ;l 

~ OS ! .g 
gj 

.g 
== '" E ~ .= ;l .. ! gj 

.g ... .. ... ... .. ... ... ... .. ... ... .. ~ ... .. .. ... ... .. - - - - - - r-- - - - - - - - - - - - - ---
Flower-bud formation , lU 187 817 817 270 849 278 57' 6111 478 '98 578 568 47' 427 280 156 68 '9 24 8 .. 1 _. 8,570 

- - - - - - - - - - - - - - - - - - - - - - ---
Flower-bud abeddlDl (total) 116 98 225 225 180 85B 280 289 299 819 810 802 861 219 187 290 270 801 248 195 70 5' 27 -. 6,0117 

- - - - - - - - - - - - - - - - - - - - - - - ---
Flower-buc!J 'hed due to boU· 8 1& 11 11 18 '16 61 88 181 06 118 158 168 01 65 '8 69 87 28 18 0 I ,- .- 1,808 

WQJ'UII. 

- - - - - - - - - - - - - - - - ,...- - - - - - - ---
Flow.r-buc!J 'hed due to other U 61 ll11 1111 11& 28' 148 78 8' 0' 117 09 180 lOll 105 207 167 210 101 164 61 89 17 .. .,694 

caUl._ 

- - - - - - - - - 1-- - - - - - - I-- ---
Flower oponlDl ,- .. .. .. .. -. ,- .. 1 0 11 II 07 07 110 141 198 279 228 2111 1~ .0 II • 1,6'. 

- - - - - - - - - - - - - - - - - - - - - - - ---
lIolll abed (Total) .. .. .. .. .. -. .. .. ., 1 6 , 23 SO II' 68 .9 91 12' 128 168 156 71 171 060 

1- - - - - - - - - - - - - - - - - - - - - - - ---
lloUa abed due to boU-worma .. .. .. .. .. .. .. .. ., 1 I I 17 10 17 U 18 81 16 11 , , ., • 191 

- - - - - - - - - - - - - - ---
Il0l11 abed 4uI to other __ • -. .- .. -. .. .. .- .. .- -- -. 1 • 11 7 a, 81 eo " 117 161 161 71 2 .. 768 

------
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TABLE VII 

Rainfall at Surat for 6 years. (JU'M to December) 

1925 1926 1927 1928 I 1929 1980 

'If eelle RaID Weelle RaiD Weelle RaiD Weelle RaiD Weeke RaiD Weeki RaID 

------ --- - -
'6th June 8'40 6th June •• 4th June • • 2nd Jnne • • 1st Jnne • •• 80th May " 
13th JUDe 0'66 13th June •• 11th June 0'45 9th Jnne •. 8th Jnne 0,21 6th June " 
'20th Jnne 8'U 20th Jnne •• 18th June 4'78 16th June 2'91 16th June 0'57 13th June 0'02 
'27th June 8'76 27th June •• 26th June 3'86 23rd June •• 22nd June "26. 20th June 1'16 

4th Jnly • 1·27 4th July 6'17 2Dd July 0·98 80th Jnne .. 29th JnDe "01 27th June 7'65 
11th July 0'69 11th July 4'45 9th July 9·89 7th July. 5·11 6th July. 6'95 fth July. 16'86 
18th July 1'12 18th July 6·78 16th July 2'48 14th July 2'48 18th July 22'48 11th July 1'69 
'25th July 0'66 25th July 0'85 23rd July 1-18 210t July 1-54 20th July "58 18th July 0'86 

1.t Anl!1lSt 0·58 lot August 11-99 30th July • 5-14 28th July 2-12 27th July 1-22 26th July 8'09 
8th August 8'92 8th August. 0,76 6th August. 0'31 4th August 0·65 9rd August HI lst August 1'88 
15th August 0'50 16th August. 10'66 13th August. 0,97 11th August 0·67 10th August 0,28 8th August 1'58 
22nd August 0·25 22nd August. 1,77 20th August • 1-13 18th August 1'40 17th August 0'81 15th August 0'61 
29th August 0'08 29th August. 6'12 27th August • 0·70 25th August 0'47 24th August 0·93 22nd August 0'17 

6th Sept. 0'45 5th Sept. 8'05 8rd Sept. 0·55 l.t Sept. 1 '43 310t Angust 0·21 29th August •• 
12t.h Sept. 0'60 12th Sept. 0'58 10th sept. 0'42 8th Sept. 0'31 7th Sept. •• 5th Sept. • 0'16 
19th Sept. .. 19th Sept. 9'62 17th Sept. 0'49 15th Rept. 0'02 14th Sept. .. 12th Sept. 1'07 
~6th Sept. •• 26th Sept. 1·25 24th Sept 0'74 22nd Sept. 4'76 210t Sept. 0'45 19th Sept. ."20 

Ird Oct. • •• 3rd Oct. •• 1.t Oct. 2·61 29th Sept. 1-U 28th Sept. •. 26th Sept. o.oa 
10th Oct. .. 10th Oct. .. 8th Oct. 2'15 6th Oct. • 0-27 6th Oct. • 0'32 3rd Oct. • .. 
17th Oct. .. 17th Oct. .. 15th Oct. .. 13th Oct. 0-22 12th Oct. .. 10th Oct. .. 
24th Oct. .,.. 24th Oct. .. 22nd Oct. .. 20th Oct. .. 19th Oct. .. 17th Oct. .. 
81Mt Ocl • • 810t Oct • • 29th Oct. •• 27th Oct. 0-38 26th Oct. • . 24th Oct. •• 

~ 

7th Nov. •• 7th Nov •. 5th Nov. •• 3rd Nov. •• 2nd Nov. •• 31st Oct. 0-96 
14th Nov. .. 14th Nov. .. 12th Nov. 1-18 10th Nov. .. 9th Nov. .. 7th Nov. " 
21st Nov. 0'06 21st Noy. • 10th Nov. 1'70 17th Nov. .. 16th Nov. .. 14th Nov. .. 
28th Nov. •• 28th Nov. , :. 26th Nov. •. 24th Nov. •• 23rd Nov. •. 210t Nov. ., 

4th Doc. • • ' 4th Dec. .. 8rd Dec. .. lot Dec. • 0-29 90th Nov. .. 28th Nov. .. 
11th Dec. I" 11th Dec. .. 10th Doc. .. 8th Doc. 0'02 7th Dec. .. 6th Dec. 0'10 
18th Jlec. • •• 18th lJ"". •• 17th Dec. __ ._. _ 15th Doc. ~ 14th Dec. __ ._. _ 12th Doc. .. 

:1:oTAL • 25'" .. 02'95 .. 35-06 .. 26'21 .. 48'26 .. 41'28 

III 

~ 
t::I 
til 

~ 
E 
o 
"1'1 

~ 
tiC 

!Zl 

~ 
Q 

~ 
.... 
~ 



lOS SPOTl'ED BOJ.L;.WOlUrlS OJ' OOTl'Oli III SOUTH QUJAB.A.T 

Weekending 

19th September 1926 

26th September 1926 

2nd October 1926 • 

9th October 1926 • 

16th October 1925. 

23rd October 1925. 

80th October 1925 

7th November 1925 

14th November 1925 

21st November 1925 

28th Nov_ber 1926 

4th December 1925 

11th December 1925 

18th December 1926 

25th December 1925 

btl anuar, 1928 • 

8th J anuar, 1926 • 

15th January 1926 

22n4 January 1926 

29th Janna.,. 1926 

" 

TABU VIII 

Populatwn oj Earias laroae on cotto" plantl M SvrM 
I 

(25 cotton plants examined every week, 1925-26~ 

No.of I Earra. Janae In 

Total Bmpt, Tot.I 
plant. BarIu bacia buda 

Shoot. Buell Bolla 

--- --- --- --- ----
· 25 28 4 .. 81 68 Id 

25 " 4 .. 48 80 851 

25 411 8 .. 48 " 427 

25 27 18 .. 4. 100 081 

25 64 14 .. 88 188 888 

25 68 211 .. 87 280 ODII 

25 81 4! .. '18 ZOO 868 

· 25 11 U .. 46 186 1.1M2 

25 II 4O .. 46 158 1,940 

25 2 27 8 III 102 2,221 

25 .. 117 27 54 80 1,841 

25 .. 118 11 4'1 40 2,4611 

· 25 .. 18 118 " 81 1,084 

· 25 .. 18 8'1 66 18 1.&77 

· 25 .. 18 88 61 12 927 

· 25 .. 8 85 88 , 401 

25 .. 8 2'1 80 1 07 

25 .. .. 82 21 .. t. 
· 25 .. .. 25 25 .. .. 

25 .. .. 14 14 .. U 

~ Toll 1 
bolla 

------
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 

I .. 
4 " 

II 181 

10 au 

18 420 

II 898 

00 1,l88 

54 1,12'1 

81 HO 

" m 

54 I. 
81 7111 



Sl'OlTED BOLL-WOlWS OJ' COlTON IN soUTJi GUJ'AUT i09 

TABLE IX 

Poptllation oj Earias larvae 011 ootton plants at Su,cit 

Week ending 

(25 plants examined every week, 1926-27) 

Barial larvae In 

:~?1I---"--"""'---1 ~ 
Shoota Buds Bolla 

Empty 
buds 

Total 
buds 

I Empty 
:.olla 

Total 
tol'" 

--------1---- ----1- --1------

IItJl October 1926 • 

16th October 19l16. 

I!3rd October 1926. 

30th October 1926. 

6th November 1926 

13th November 1926 

20th November 1926 

27th November 1926 

4th Dooember 1926 

11th December 1926 

18th December 1926 

25th Deoe.mber 19l16 

1st lanuary 1927 • 

8th 1 anuary 1927 • 

15th 1 anuary 1927 

lI2nd lanuary 1927 

20th lanuary 1927 

5th PebroarJ 1927 

IlIth Pebruary 1927 

19th FebroarJ 1927 

26th Pebruary 1927 

6th 1Iarch 1927 

IlIth 1Iarch 1927 • 

19th 1Iarch 1827 • 

ll6th lIarch 1927 • 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

2 

6 

15 

II 

II 

18 

17 

15 

IS 

21 

III 

2 

1 

1 

1 

10 

ll6 

" 73 

60 

73 

" 31 

21 

10 

II 

2 

1 

1 

1 

2 

5 

S 

8 

6 

12 

3 

15 

lIS 

6 

12 

7 

4 

5 

4 

7 

S 

6 

16 

19 

38 

62 

91 

76 

138 

IllS 

1« 

« 
15 

1I1 

II 

6 

6 , 
7 

1 

2 

2 

II 

75 

Sf 

103 

178 

157 

167 

305 

311 

160 

215 

Iii 

95 

7' 

53 

III 

10 

1 

56 

97 

162 

517 

8M 

1,065 

I,M9 

1,367 

1,«5 

1,505 

2,116 

I,Gi7 

2,1I' 

2,l12O 

2,165 

2,000 

1,890 

1,001 

1,!71 

68! 

1115 

II 

1 

1 

7 

, 
, 
S 

8 

111 

11 

32 

15 

11 

21 

iO 

73 I , 
u2 

, 
l! 

.all 

79i 

1.081 

1,071 

888 

1101 

731 

690 



110 SPOTl'ED BOLL-WORMS 01' COTl'ON IN SOUTH GUIARAT 

TABU X 

Population oj Earias la,vae on cotton plane. '" Su,. 

(25 plante examined every week, 1927-28) 

Baritu Ianae ID 

Total ~.r:y Total Bmpty Total aaJUua 
Weekending HarJu budl bolla bolla 

Bhoot. Budl Bolla 

--- --- ---- ------
17th 6 eptember 11127 7 1 .. 8 .. 160 . . .. 
24th Beptember 11127 B 8 .. 26 8 881 .. .. 
let Octoblll" 11127 · 28 1 .. 24 111 682 .. .. 
8th October 11127 · 21 1 .. 22 28 681 .. .. 
16th October 11127 · 88 8 .. " 60 777 .. .. 
Bud October 11127 · '" 8 .. 117 71 819 .. .. 
29th October 1927 · 68 12 ... 81 109 1,168 .. , . S ........... OD 

6th Novemblll" 1927 • HI 1,108 
piau$. 

81 20, .. 111 .. .. 
12th November 11127 88 40 .. 78 227 1,970 .. .. 
19th November 11127 8 88 1 '8 171 2,8112 1 I 1 ........... OD 

26th November 11127. 
plaD&. 

8 66 1 69 1117 2,621 .. 11 

8rd Decemblll" 11127 • II 66 8 68 122 2,301 I 88 

10th December 11127. .. 86 7 '2 128 2,'"0 • 107 

17th Decembtll" 11127. .. 80 , M 180 8,601 7 170 

24th Decemblll" 11127. .. 28 11 M 111 .,1161 • 1811 

81at Decembtll" 11127. .. 29 12 41 711 8,680 28 408 

7th lanuarj 11128 · .. B 16 88 60 _,204 11 687 

14th lanlW')' 1928 .. 12 28 85 61 2,788 80 1,156 

2l1t lanlW')' 11128 · .. 8 15 18 82 1,M1I " I)" 

28th I anlW')' 1928 · .. 1 11 12 M 1108 eo 1,367 

,th February 1928 · .. 1 10 11 18 807 80 1.6211 

11th February 1928 • .. .. , f 1 105 70 1,270 

18th February 1928 • .. .. 2 2 .. it " 1.001 

26th February 1928 " .. 1 7 8 .. 16 69 867 

Srd March 1928 · .. .. 1 1 .. f II 127 

10th March· 1928 · .. .. 8 8 .. .. II 800 

17th March 1928 · .. .. 11 11 .. .. 28 131 

24th Marcil. 11128 · .. .. r 7 .. .. 10 71 

I Slat March 1928 1 .. 8 7 1 17 I 2i 

" 



Sl'OTTED BOLIrWORM$ 0. COTTON IN SOUTH Gt7JARA1' 

Weekending 

4tb Angoat 1028 

11th Angoat 1928 

18tb Angoat 1928 

26th Angoat 1928 

l.t September 1928 

8th September 1928 

16th September 1928 

112nd September 1928:. 

29tb September 1028 

6th October 1928 

13th October 1928 

20th October 1928 

27tb October 1928 

3rd November 1928 

10th November 1928 

17tb November 1928 

24th November 1928 

l.t December 1928 

8tb December 1928 

16th December 1928 

22nd December 1928 

29th December 1928 

6th January 1929 

12th January 1929 

19th January 1929 

26th January 1929 

lind February 1929 

9th February 1929 

16th February 1929 

1I3rd February 1929 

2nd March 1029 • 

9th lIarcb 1929 

16th lIarcb 1929 

23rd lIarcb 1929 

80th lIarcb 1929 

TABU XI 

Population oj Eams larvae on cotton plant, at Sural 

(1928-29) 

EtJriIu larvae In 
No. of Total ~:.r.ty Total E:S:y Total plaota Earlaa Shoots Bod. Bolli boda bolla 

--- ---- -- --- --- '--- ---
1,000 .. .. .. . . .. .. .. " 
1,000 , .. .. .. .. .. .. .. .. 
1,000 .. " .. .. .. .. .. .. 

760 .. .. .. .. .. s .. " 
760 6 .. .' 6 .. 9 .. .. 
260 , .. .. , .. 21 .. .. 
126 9 .. .. II .. 90 .. .. 
.. .. .. .. .. .. .. .. .. 
100 , .. .. , 2 274 .. .. 

60 6 1 .. 7 2 203 .. .. 
25 26 3 .. 29 14 56!! .. .. 
25 30 15 .. 45 40 1,113 .. .. 
25 31 2' .. 56 61 1,845 .. .. 
25 10 22 .. 32 92 1,75<1 .. 1 

25 13 75 1 89 135 2,758 .. .. 
26 8 67 10 86 lOS 2,767 4 60 

25 2 84 8 95 86 3,096 7 119 

25 .. 100 30 ISO 90 3,235 12 210 

25 .. 72 43 115 75 3,201 26 314 

26 2 89 32 123 74 2,707 14 328 

25 .. 3' 30 65 69 2,915 20 610 

25 .. 22 16 37 12 3,162 19 663 

25 .. 21 19 40 6 1,744- 12 863 

25 .. 8 11 19 5 1,025 26 851 

25 .. 8 10 18 5 804 42 1,062 

25 .. , 16 20 , 681 26 1,005 

25 .. 1 24 25 2 188 18 1,027 

25 .. .. 19 19 ., SO 6 79& 

25 .. 1 '5 '6 .. 8 1 761 

25 .. 1 68 54 .. 1 .. 588 

25 .. .. 58 58 .. .. 12 416 

15 .. .. 28 28 .. .. .. 175 

25 .. .. 17 17 .. 6 .. 85 

25 .. .. , • .. 17 .. 10 

60 .. I .. 21 II 76 1 .. II 

111 

RaJUUS 

3 moving. 

1 moving. 



Week eJ¥lla8 

8rd Aagast 1919 

loth Aagast 1929 

17th AI/gast 1029 

24th Aagast 1929 

81st Aagast 1919 

7th September 1929 

14th September 1929 

21st September 1929 

28th September 1919 

6th o.tober 19211 

12th October 1929 

19th October 1929 

26th October 1929 

2nd November 1929 

9th November 1929 

18th November 1929 

lISrd November 1929 

80th November 1929 

7th Decemba 1929 

14th Deoemba 1929 

21.t December 1929 

28th Deoember 1929 

4th JanDArJ' 1i13O 

11th JanDArJ' 1930 

ISth JanDArJ' 1929 

25th Janosl'J; 1930 

1st FebrnarJ .1930 

8th Febrnsr~1930 

16th FebrnarJ 1930 

lI2nd FebrnarJ 1930 

1st Karch !1'30 • 

Sth March 1930 

15th Karch 1930 

lI2nd Harcb. 1930 

29th Jlarch 1930 

" 

T •• n •• XIl 

Populatiotl oJ :Earias larvae 0" evUo" ,lafll& a4 Sural 

(1929-30) 

If ...... ''" .. I. 
No. of Tolal ~.r:' 'loIaI ~1 planta SbocIP Bada Don. BanM bacta 

ToIaI 
1loiii 

1-------- ---- ---I- -
1,800 .. .. .. .. . . .. .. .. 

887 .. .. .. .. .. .. .. .. 
1,894 8 .. .. 8 . . .. .. .. 

· 8" .. .. .. .. .. .. .. .. 
860 4 .. .. , . . .. .. .. 
750 a .. .. • .. .. .. .. 
500 Ii .. .. Ii .. 111 .. .. 
250 18 .. .. IS 1 '118 .. .. 
125 Ii 1 .. 8 7 86& .. .. 

50 10 , .. 14 I 668 .. .. 
25 28 8 .. 86 8 6115 .. . . 
25 42 28 .. 70 27 1,028 .. I 

25 ~ 68 a 81 58 1,187 .. • 
25 28 88 2 11' 161 1,887 .. • 
25 81 U8 II 178 194 I,m .. , 

· 26 25 187 8 204 8lI5 1,827 I 17 

25 12 143 7 187 197 1,5H I 20 

26 5 143 7 1611 2llS 1,381 I 81 

25 .. 158 11 185 124 1,887 • 71 

26 .. 92 ],5 107 121 1,8211 11 148 

2Ii .. 46 lifo 811 IS 1,871 11 138 

25 .. 10 21 51 48 1,831 II m 
26 .. lifo 29 54 46 1,587 29 108 

25 .. 16 28 38 10 1,721 21 1,860 

25 .. • 11 It 2 840 II 1,81' 

26 .. 2 1 8 1 281 Ii 1.&88 

26 .. .. • - .. 8J 17 t.101 

25 .. .. :i.S 18 .. 20 II 1,170 

· 25 .. .. 115 25 .. I 17 947 

· 25 .. .. 28 28 .. .. 10 881 

· 25 .. .. 82 a2 .. .. 10 8111 

· 25 .. .. U la . . .. 11 au. 
25 .. .. , , .. .. I .7 

· 25 .. .. 1 1 .. . . Ii 13 

· iii .. .. .. .. .. .. .. -I 

a8lLULD 

• IIIIITIn&. 
, IIJOYIn&. 

, IIIOYIDI. 

1 IIIIIYIDa. 

ll1JOY1n&. 



SPOTTED BOLL-WORMS OIr COTTON IN SOUTH GUJAru.'l' 113 

TABU XIII 

Popttlation oj Earis8 larvae on cotton plants at Stt,at 

(1930-31 ) 

Earia, larvae In 

Week ending 1'10. of Total Empty Total Empty Total 
planta Earlos buds buds bolls bollo RBlIlARKB 

Shooto Bud. Bolls 

--- ------ --- - '--- --- ---
18th Augnat 1080 1,000 .. .. .. .. .. .. .. .. 
20th Auguat 1980 . 1,000 2 .. .. 2 .. .. .. .. 
27th Augnat 1080 1,000 6 .. .. 6 .. .. .. .. 
8rd September 1930 600 18 .. .. 18 .. .. .. .. 
10th September 1980 200 8 .. .. 8 .. 124 .. .. 
17th September 1080 100 6 .. .. 7 .. 62 .. .. 1 mOving • 

24th September 1930 60 82 1 .. 86 .. 470 .. .. 3 moving. 

8rd October 1980 26 8 4 .. 13 11 665 .. .. 1 Eariaa 
moving. 

10th October 1930 26 9 17 .. 28 36 1,301 .. .. 2 Earia • 
moving. 

17th October 1980 26 17 67 .. 78 86 2,202 .. 8 4 Earia8 
moving. 

24th Octobor 1980 25 24 168 9 196 156 2,260 7 60 6 Rana. 
moving. 

81st October 1980 26 43 166 14 220 186 1,977 6 43 8 Earial 
moving. 

7th November 1930 26 81 122 12 167 174 1,777 7 51 2 Eaf'itJ, 
movlui/. 

14th November 1930 26 11 123 6 140 100 2,107 14 38 

210t November 1980 25 1 78 9 90 97 2,638 2 82 2 Earia. 
moving. 

28th November 1930 26 .. 90 16 108 .. 8,998 .. 75 8 Earial 
moving. 

6th December 1930 25 .. 182 24 167 94 5,192 7 208 1 Earial 
moving. 

12th December 1030 26 .. 91 28 122 67 4,224 16 288 8 Earial 
moving. 

19th December 1980 26 .. 62 33 86 71 4,207 36 868 

26th December 1930 26 .. 33 19 63 53 8,919 37 1,707 1 Earla8 
moving. 

2nd lanuary 1931 26 .. 18 17 80 17 2,198 24 l,891i 

9th laouary 1981 26 .. 6 17 28 6 927 83 2,167 

16th lannary 1981 26 .. 1 18 14 1 226 87 1,602 

28rd lanuary 1931 26 .. .. 20 
20 I .. 18 26 1,248 

80th laonary 1981 26 .. .. 28 28 .. 1 88 1,166 



TA.BLE XIV 

Wukly jlower-buil formation, jtuwer-opening and sheddi.ng of flower-buds and bollslrom tke caged and control plaflll 

~ h (1925-26) 

! .8 .. .. J II .. .. .. .. .! .. .! .. .8 .. .! i ~ t e F .. .. .. 
J 

.. .8 S ~ S S' i B .! .! .8 .! F e e e J 
... 

-- i ... ~ ~ ~ ~ ! ! ! : 
~ ~ ~ ! " ~ dl " dl " ~ ! dl III 0 0 0 0 0 

i ~ ! :Ii ~ aI :Ii ~ 'l! ~ :Ii :Ii .~ :Ii :Ii ,s :Ii ~ S ~ ~ GO '" '" to ... GO ... ... .. .. ... ... .. .. 0 ... .. .. .. ... ... OJ .... - - - - - I--- -- - -- ---- - - - - - - - - ---
CAGBD PLAne 8. 

Flower-bud formatlou · 117 71 91 109 22S 239 292 1183 137 172 60 18 10 8 .. .. .. .. .. .. 1,881 

- ------- I--- ------------- -- - - --- - ~ 
Flower·bud lhe4dln. • 19 54 U 88 '8 88 101 111 179 19S 128 U 28 18 .. .. .. .. .. 1,111 

- --- - - I--- ----I--- ------------ 10-
J'Jower-openln' .. .. .. .. .. 1 18 '8 188 178 188 113 28 8 S .. .. .. .. .. 'lOt 

r- --r- --------- I-
UifOAGID PU1mI '0. 

Flower-bud formation 00 n6 S39 '86 781 8S7 1,101 1.'0' t,!M J,U6 1.623 1.29' 770 f23 188 '7 8 , .. .. 1 .... 1 

- I----- I- - --'"'-
J'Jowv.bud lhe4dln. (Total) · • 86 18' 288 360 f68 829 1.060 020 740 768 876 "7 fDS "8 611 127 08 111 .. 1,780 

- r- - --I--
J'Jower-budl 1he4 due to boU'WOImI • .. .. '1 n no 101 "8 671 IDa 1101 871 167 208 10. ". 77 II I .. .. .... 

- - --I-- ----I-I-
J'Iower-badllhe4 due to oUler __ • I IS n7 118 217 111. 868 'U 100 III I3S 28. 121 161 f2' 181 170 II .. .. ,,110 

I- - -
J'lower-opealnl . · .. \ .. .. .. .. .. II II 11 17 86 21' 581 76T 7M 8f8 871 128 III • .,W 

.... .... 
"'" 

i 
i 
2 

I 
.; 

i 
8 
e 
-tot 



TABLE XV 

Weekly flower-bud Jormatwn, flower-opening and shedding of flower-buds and bolls from tll.e caged and control plants 

(1926-27) 

j 
~ ~ ~ ~ tl !; ~ Ii ~ 

~ t: .. .. 
I ~ 1 ~ j 

.t> ,c. .t> t: i 
~ :. 

I ~ i .8 s e s ~ ~ 
:. 

~ ~ ! .t> 
~ ! ~ 8 8 1! e 1 -- ~ " " .. " .. A ~ " ~ ~ .g .. " 0 0 0 :z; A ... ... I'< I'< I'< ~ 0 0 .. I'< 1II 

~ 'l! ~ :f3 :5 ~ :f3 ~ :5 ... ... :f3 ~ :5 :5 :5 :5 S ~ :5 :f3 :5 .. " ~ 
... 

a .. ., 0 ... ... '" m ~ '" .. CO> .. CO> '" ~ co ... .. .. '" ... .. .. ... ... .. ... .. ... .. .. ... ... .. E< -- - -- - - - -- - - - -- - - - -- ---- - - - - - ----
QAOBD PL.UIT8 10. 

Flower-bud formatloD .. 112 156 189 276 368 841 817 282 288 128 88 29 4 2 .. .. .. .. ., . . .. . . 2.480 

------------------------------ -------- -----
Flower-bud _bedding .. 7 20 82 24 61 87 160 172 168 218 806 188 79 9 8 .. .. .. .. . . .. . . 1.639 

-------------- - -------------- - ---------------
Flower·openlng .. .. .. .. 7 80 60 97 108 133 129 148 106 49 19 4 .. 1 .. .. .. .. . . 891 

-- - --------.------------- -- ------ - -----------
UIIIOAOBD PLAlIT8 20. 

Flower·bud formatloD . 29 55 110 284 462 511 614 666 696 677 644 497 225 254 1dO 119 86 45 26 8 12 16 .. 5.945 

- -------- - ---- ---- - ---- -- -- ------ -----------
Flower·bud sbeddlng (Tot..l) • .. 6 84 81 96 148 274 826 441 414 455 628 476 324 281 136 161 183 194 157 68 18 15 4.766 

-- ---- -- -- ---- -- ---------- ---- -----------------
Flower-bud _hed due to boU·worma .. .. 6 3 14 40 109 157 260 247 267 828 276 189 162 67 62 49 39 11 2 .. . . 2.288 

-----. - -- --_. .-. --------_. ------ ---- -----------
Flower-bude sbed due to other caUl" .. S 26 17 62 85 129 140 140 143 164 186 183 122 112 62 93 127 149 148 61 16 13 2.165 

------ -- ---- -- --_. -- -- ---- -- ---- -----------------
Flower.openlDg .. .. . . .. S 7 82 40 40 71 67 88 89 68 96 85 92 114 125 115 40 8 .. 1.180 

~ 
t;; 

til 
O· 

i 
r» 

~ 
C'l 

~ 
!l! 

I 
c 

~ 
.... 
S 



T.llILE XVI --~ 
W i!eklll jluwer.lYud fM'fTI4tion, jlO'W6'-OPBrWng GnQ, shedding of flower-b1u18 and bolls from tht caged flnd control plafItB 

(1927·28) 

.. .. J Ii! .. 
j 

.. 
J .. Ii! ~ ~ I ~ .8 

1 j 
., 

~ j h 

t j I ~ 
.., 

~ j i ~ f i j 
J J ~ e t- il 

1 ., 8 8 ! j I .., -- l ! ~ .!!l ~ ~ ~ " rJl 0 .. ... .. 
,s" 'I! ~ ! .a :! ~ ,s ~ i!! ,s ~ :5 :5 i! :5 t ,s ~ 

1i! i ,s 'I! 1: :5 1: S '" :l ... .. '" ... ... ... :s ... ., 
• .. .. ... .. ., ... .... .. .. .. .... .. .. ~ ... .. .... .. .. Eo< - - ~ - - - - ---- - - - --~ - - - - - - - - - - ---

CAGD l'LAlmI 10. " 

:flower-bud forma- 11 117 " 220 478 478 876 6'7 717 1.219 1,021 508 748 802 1,086 860 149 28 1 .. .. .. .. .. .. . . 8.1109 
t1on. - ---- -

, I 
b:I 

I 
(jR 

~ 
Mo"er-bnd ahed· .. 25 88 8S9 839 806 884 8'8 81'1' 229 1194 009 116 2S0 889 618 799 194 102 88 .. .. .. .. .. 6,805 

ding. 
f--. ------ --

Mower-opening .. .. .. . . . . .. .. .. .. 28 111 206 804 '41 '50 62S 670 409 202 68 10 8 1 .. .. 8, •• ' I 
- ---- f--. -------- ; 

ll'ROAGIID l'LARTl10. 

J'\owar-bud rorma- .. 11' 187 817 81'1' 279 8411 278 67' 812 '78 '98 678 688 '74 427 2311 156 08 'II 24 8 .. 1 .. 8.570 
tIOD. --f--. - - i 

J'\o".,..bud lIIed· .. lie DB 225 226 180 862 2311 1811 199 819 810 802 851 1111 187 290 270 801 2t1 196 70 " 17 .. 6,017 
dlna (Total). - -----

Plow.,..lmdl ahed .. 8 24 11 11 18 76 65 88 181 95 11. 158 18a 01 85 4. Oil 87 28 18 0 I .. .. 1.808 
doe to boI\·WOlDlI. 

Q 

~ 
J'Iowar-buda lIIed .. 14 52 121 121 12' 284 14S 78 M M 117 69 ISO 102 105 207 UI7 210 1111 1M 11 .9 17 .. 1,5114 

doe te otbv 
caUlM. 

J'IoweM>peDlog .. .. .. .. .. .. .. .. .. I • 18 81 87 87 118 It1 198 2711 221 221 1011 '6 21 • 1,648 



TABLE XVII 

FWwer-openiwJ. relative S'UCOOBS from flowers to mature bolls aM shedding oj bo'Ua with MUSes from caged plants and thei., 
controls 

(1925-26, Surat) 

Il ~ Il Il 
Il Il Il ~ Il .. Il Il ,Q 'S i 'S ~ ~ to i ! :S ~ :S i 'S a 'S to ~ ., ., ., 

8 8 .. " -- ., 
~ .. .. § " ~ ~ 

.. :; " " ~ ~ 
0 ., 

~ ~ :; ~ 0 0 0 0 :z. :z. A ... ~ 0 A ... ... 
'l! ~ :fl :fl tl :fl ~ := ~ :fl :fl ~ 

... 
'" :fl ! 'l! :fl .. .. ... ... .. ~ .. :l 0 0 .. ... ... .. co .. ... co .. ... ... ... .. .. '" ... co fo< - - -------- -------------- ------ - -- -

CAGED PLAIlH 8. 

Flowers opened .. 1 16 46 133 178 138 113 28 3 S .. .. .. .. .. 709 -------- ---------- I- - ---
Bolls Ihed (relative) 7 13 53 116 170 78 15 3 S 458 -------------------------------------Flowers which developed Into ma- .. 1 9 83 80 62 18 35 13 

ture bolls (relative). 
.. .. .. ., .. . . .. .. .. 1\51 

----------------------------------Peroentage of bolls to Bowe .. .. 100 66·8 71-7 60·1 84·8 9'6 31'0 46'4 .. .. .. . . ., .. . . .. " 85-4 
-----------------------------------

UNOAGItD PLAIlT8 19. 

Flowers opened .. . , 22 22 15 17 85 214 662 757 764 643 378 128 26 3 .. " 
3,635 -------------------------------------llolls shed (relative) .. 21 19 11 11 37 72 166 386 630 669 844 123 21 3 2,258 

Caus .. of boll sbeddlng due to 
boll·worms. 

.. .. 20 16 8 10 26 45 98 87 70 61 20 5 .. ., .. .. 466 

-------------------------------------
Cau... 01 boll·lheddlng due to .. .. 1 3 3 1 11 27 68 

other causes. 
249 460 498 324 118 21 3 . . .. 1,787 

-------------------------------------
Flowers whlcb developed Into ma- .. .. 1 8 , 6 48 142 S96 421 234 84 34 0 4 .. . . .. 1,382 

ture bolls (relative). ------I------- -----------------------
Peroentage of bolls to Bowers .. .. 4'0 1S'6 26'6 85·2 5N 66'3 70'4 65·6 SO·6 13'0 8·9 3·9 16'0 . . .. .. 88'0 
~- ----
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TABLE XVIII 

Flouer-opming, relatiV6 8uccess from jlOWfYrS to mature bulls and shedding oj blllls witT. causes of shedding from caged plants and 
their controls 

(1926-27, Surat) 

.. II .. II .. .8 i ~ j ! ~ .8 .. .. 
i I I 

t-.. 
! 

... .! .Q 'S to i e e 
~ e .. ~ .§ e .. 

~ 
.. e 

~ IS 11 
.. 

.l5 .l5 -- ! ~ 
~ .. = ~ .. ~ ~ ~ " ~ A .. ~ ~ 0 0 :z; .. .. .. '" ! i ~ :5 ~ :5 

~ 
:5 ~ ~ 

.. .. 
~ '8 :5 ~ "" :5 :5 :5 ~ "" ~ lil ., co .. ... ~ .. '" '" .... .. .. ... ... .. .. '" ... .... .. .... ... .. .. ... -- ------ -- -- -- -- -- -- -- -- -------- -- -- ---

CAOBD PLAlI'TI 10. 

Flowera opened .. 7 80 60 97 lOB 133 129 148 106 49 19 , .. 1 _ . .. .. .. 891 ------------------------ ----------BoDa Ibed (relatIve) .. 1 6 11 29 32 78 117 129 96 41 14 4 1 
~ 

558 

Flow ... wblcb developed Into mature 
boDa (r.lotlve). .. 6 24 49 68 76 55 12 19 11 8 5 .. .. .. . .. .. .. 888 

---------------------------------------P...,ent&ga III bolla to flllwen .. 86-7 80'0 81-7 70·1 70" 41'4 9-8 12·8 10" 16'8 26·3 87'4 ------------------------I- -------------
11110AOBD PLAne 10. 

Eloware opened .. a 7 82 40 40 11 67 88 89 68 DO 85 92 114 125 115 40 8 1.180 

BolIo Ibod (1'IIIatlV8) - 80 6 --;;;0 .. 1 4 28 2S 29 81 68 77 72 68 69 4O 4O " 88 61 

JloDa Ibod doo to boU.worm •• .. 1 4 17 21 24 60 60 74 06 48 " 
r;;- 18 ~ 16 • r-m 

IIoU. ibId due to other ""_ 
co-

8 6 15 18 -;;- 24 ~ 48 10 I ~ .. , I 6 11 8 7 -- I---I--- -
I'lowo .. wblrl\. deV81Opocllnto mature 

boUt (relative). .. I a 9 17 11 10 • 11 17 15 87 46 68 70 89 84 10 • "4 

----------------- -----
Percentap of boDa to flOWWI .. eo·, 42-8 28·1 42-6 27-11 14'0 11-4 12'6 IIH 22'0 88·. 82-9 68" eH 71-1 66·. 11-0 87-1 40'1 

... .... 
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CD 

2 
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TABLE XIX 

Flower-opening, relative success from jlowe" to mature bolls and shedding of boll, with causes of ,hedding from the caged plants 
and their controls 

(1927-28, Surat) 

:: i :: ~ I 
J I II II II II 

= = = ~ "" II "" .8 "" >. ... ... 
= 'S 8 "" 8 8 8 "" = :; :;; :; = a 8 E E : 8 ~ 8 8 = = = E ,l; -- " .. 

~ = " " .g ~ .. 
~ 

0 0 
~ " " " " " .. .c " 0 z Z A " r.. z A A .. .... .... .... &: r.. !oj .... 

~ 
:5 :5 :5 i! g :5 :5 ~ ~ ~ ~ :5 :5 ~ :5 :5 .. 
co CO> '" <- ... gj '" '" 0 .. .. .. ., .... .. .. ., .. ... .. .... co e-

o -- ------------ ------- -----------------
CAGED PLANTS 20. 

Flower·openlng .. 23 111 205 304 448 460 623 570 409 202 63 19 6 1 .. ., 3,334 
------ ---- --- --

Boils shed (relative) .. 16 31 22 99 258 310 428 454 361 165 47 10 6 1 2,207 
:--- -

Flowers which developed Into .. 8 80 183 205 190 140 96 
mature bolls (relative). 

116 48 37 16 9 .. -' . . ., 1,127 

------------- ---------------.-------
Percentage of bolls to 1I0wers • .. 34-8 72-1 89·2 6704 42-4 31-1 18-2 20'4 11-7 18-3 25·4 47-4 . - .. .. .. 33'8 

------------------------------------
U NC AGED PURTS 16. 

Flower-opening .. 1 6 12 31 67 67 116 142 198 279 223 221 109 46 22 2 1,542 ------ --
Bolla shedding (relatlve)_ .. 1 4 4 19 36 40 50 66 91 135 138 188 108 46 22 2 950 --------------------------._--------Boils shed due to boU-worm •.• .. 1 4 3 16 23 23 31 25 24 24 10 6 2 .. .. .. 192 -------------------- ---- ---
Boil. shed doe to other o&ooes • .. .. .. 1 3 13 17 19 41 67 III 128 182 106 46 22 2 758 ----._--- ------ ---------
Flowers which developed Into .. .. 2 8 12 81 27 66 

mature boll. (relative). 
76 107 144 85 33 1 .. .. .. 592 

---------------------------------------
Percentage of bolls to 1I0wers • .. .. 33 67 39 46 40 57 53 M 52 38 15 1 .. .. .. 88" 

--- ------ -_.- -- -----------
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TABLE XX 

Date8 oj picking oj kapaa from caged and 'Uncaged plant8 and the n'Umber oj boll8 picked each time 

1928·29 1929·80 1980·81 

CAGBD PLANTS UlIlOAGBD PLAlIlTII CAGBD~ UlIlOAGBDPLAlIlTII CAGBD~ UlIlOAGBD PLA1mI 

; PlckiDgI 
(99) (104) (118) (112) (118) (116) 

Date of No. of Date of No. of Date of No. of Date of No. of Date of No. of Date of No. of 
picking bolla picking bolls picking bolla picking bolla picking bolla picking bolla 

picked picked picked picked picked picked 
\ 

18t picking 7th to 9th 688 8th to 1,055 lotto 2nd 1,028 22nd to 1,809 6th to 6th 148 20th to 6.868 
January. 12th January. 24th January. 26th 

February. February. February. 

2nd picking 18th to 1,943 22ndto 8,122 28th to 40 11th to '.182 14th to '.497 12th to 1,180 
Hnd 26th 29th 13th 24th 14th 

January. February. January. Mueh. Jan.....,. JIarob. 

8rd picking . 818t 8,218 6th to 7th 1,870 10th to 7,976 19th 271 ltth to 8,107 19th 14 
January March. 11th Karch. 19th Mareh. 

, to 6th February. February. 
February. 

,th plcklJII , 18th to ',078 19th to 661 .. .. 24th 29 10th 771 ,. .. 
22cd 20th Mareh. lIueh. 

February. Harch. 

6th picking . 16th to 1.191 22cd 108 .. .. .. ,. . . .. .. .. 
28th Harch. 

February. 

8th picking , . 2nd to 7th 110 .. .. .. .. .. .. .. .. .. .. 
Harch. 

Tft4. . .. 11.169 ., 1,818 .. ',08D .. t,IOI .. 8.621 .. 1,087 

----- -

.... 
~ o 

I 
td 

I 
~ 

I 
Iii 

i 
a a 
E 



TABLE XXI 

Olassificatwn of tke locks collected per plant from tke caged and uncagea plants dur{ng 3 years at Surat 

DAMAGED LOOKS. USELESS LOOKS. 
No. of -- plants Totsllocks Sound locks 

observed Due to boll. Due to other Due to boll. Due to other 
worms causes worms causea 

1928·29. • 
Caged pla.nts · · · 99 350 307 13 24 3 3 

Control plant. · · 104 202 144 38 9 7 , 

1929·30. 

Caged plants · · · 113 244 236 4 2 2 .. 
Control pla.nta · · . 112 171 156 9 2 3 1 

1930·31. 

Caged plllntB · · · · 118 223 206 14 2 1 

Control pla.nta .. · 116 212 191 18 1 2 .. 
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TABLB XXII 
Population oj Earms lart'ae in pod' oj 25 bhenrli plant' plw,ked a, they became ripe on different varietie, at Surat (plot 

un-manured) 

(1930-31) 

SUBj.T 6 SUlIj.T 9 KBj.II'DB8H LUE 

nate Weight in No. of Karia, Weight in No. of Earia8 Weight in No. of Karia, 
Tola. pod. Larvae Tola. pods Larvae Tola. pod. Larv .. 

bt September 1930 .. .. .. n 12 9 . . .. .. 
6th September 1930 . .. .. .. 3 8 2 .. .. .. 
nth Ootober 1930 . · .. .. .. .. .. .. 7 4 .. 
23rd Ootober 1930 . .. .. .. 10 16 31 36 26 12 

28th October 1930 0 0 8 12 26 , 9 17 16 22 7 

2nd November 1930 0 0 1 3 3 8 12 16 44 34 13 

8th November 1930 0 0 0 .. .. .. 1 2 .. .. .. .. 
13th November 1930 0 ·0 3 I I 2 6 3 22 24 8 

22nd November 1930 0 0 0 .. .. .. 1 3 4 38 26 16 

8th Deoember 1930 · 0 II II 1 8 l' 4 17 17 I 

13th Deoember 1930 0 0 0 6 10 I 4 12 3 4 8 3 

20th Deoember 1930 0 0 0 10 14 7 I 6 .. 14 26 e 
11at December 1930 0 0 . 8 20 ,0 

, 10 4 17 46 4 

10th JaDuarr 1931 0 · 0 16 110 6 10 37 II 36 97 4 

Und JaDua17 1931 . · 0 16 I' 7 17 4" 6 26 46 It 
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TABLE XXIII 

Population oj Eanas larvae in pods oj 25 bhendi plat~ts plucked as they became Jully grown on different tJanet'IU at Sural, 
(plot manured Wit!1 castor-cake) 

(1930-31) 

BUlU!!! II SIIRA!!! \I 
AHlIRIOAN LONG AHIIRIOAN DW.uur 

ORKBN OBBBH 
AHllRIOAN wmn 

VBLVB!!! . KB.&.!mBBB LAH 

------\---.,....----,-------- ----,--:-------
Date 

1& 1& 1& 1& 1& 1& I RBIWLII8 

= ~ ~ l ~ 3 
J \ • Ii! s I J s I J • I J s : • s I o 1 ~ 0 .~ ~ 0 .~ ~ 0 1 0 0 .~ ~ ~~ 0 

______ I~~I-- Eo< '" Il<l Eo< '" Il<l _~_"'_~~_"'_~_E-< __ "'_~, __ _ 

~3rd AUguBt 1930 
26th August 1930 

1st September 1080 • 
6th September 1930 . 
18th September 1930 

6th October 1930 
11th October 1930 

23rd October 1930 
28th Ootober 1930 

Srd November 1930 • 
6th November 1930 • 

18th Novembor 1930 
22ud November 1930 

6th ne .. mber 1930 
13th Docember 1930 

lOth ne .. mber 1930 
810t December 1930 

... 10th January 1931 
lZud January 1931 

"s 
26 

8 

ii6 
14 

88 
4 

15 
17 

27 
17 

"6 
10 

8 

50 
35 

'2 
7 

11 
28 

86 
85 

81 1 61 '0 79 

GO 101 
60 88 

"8 
12 

I 

94 
III 

16 
8 

12 
14 

8 , 
10 
6 

6 
18 

7 
16 

80 
21 
27 

"8 

22 
9 

8 

S 
I> 

6 
6 

I> 
6 

7 
22 

8 
10 

26 
20 
24 

"0 

1 
8 

28 
11 
21 

6 

851 50 16 25 
15 16 

4 1 1 16 \I 

16 8 
17 8 

17 
19 

24 
64 

12 
8 

8 
8 

". 

16 
2 

10 
8 

18 
28 

"I 

16 , 
18 
18 

88 

" 

II 
1 , 
1 

8 
6 

"2 

8 

87 
6 

18 
18 

83 
82 

"2 

8 

38 
15 

27 
38 

62 
63 

8 

7 
3 

8 
6 

8 
10 

"I 
2 

19 , 
13 
16 

7 
29 

"I 
1 

22 
9 

17 
29 

17 
55 

"I 

5 
8 

8 
6 

8 
8 

',2 
88 
17 

U 
6 

17 
'2 

.a 
6 

20 

'0 
14 

88 
6 

13 
31 

8' 
U 

251 '5 88 84 

80 151 
72 119 

", 
23 
9 

18 
5 

4 
10 , 
~ 

II 
8 

o 
8 

~ 
a 
t;j 
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TABLE XXIV 

Population oj Eal'ias'laroae in 'Pads oj 25 bhendi pzo'ntscoZlected as they became ripe on different tJanetieB, Bown in July and 
August 1930 at Surat . 

~ (1930-31) 

VABJllmlB 80Wl'l IN .JULY 1980 V AlWITIBB SOWl'l IN AVGlIB'l 1980 

Burat OlD I Burat Oln Kbandesh 
Xbandeob 

Burat II on Xbandesh 
Xband .. h 

law In late In 
ridge furrow late on ridge furrow ridge late on rleille furrow 

Date 
I 

:I :I ~ ! , 
I j ! l l .fi 

:I 
~ I J .g i J ~ ~ :I .. I ! .g J :I 

~ J ! ~ I ~ ~ Po ~ ~ ~ ! Po ~ - - - - - - - - - 1- - - - - - - - - -
11th October 1080 · · · · .. .. .. 28 80 18 .. .. .. .. .. . . .. .. . . . . .. .. .. .. .. 
28rd October 10801 · · · .. .. .. 61 77 111 21 U. , II 8 1 .. .. .. . . .. .. .. . . . . 
29th October 10801 · · · · .. .. .. S 18 11 0 IS 6 8 7 , 7 12 21 I , , .. .. .. 
8rd NO\'8Dlber 1080 • · · · · .. .. .. 8 12 12 iii 28 18 II '1 8 .. . . .. , , • , II , 
eth NO\'8Dlbor 1980 • · · · · · 211 &I 88 .. ., .. I 2 . . .. .. .. . . .. .. . . .. . . . . . . .. 
18th NO\'8Dlber 1980 • · · · .. .. .. I II 8 II 10 , 12 10 I .. . . .. S 1 1 .. . . .. 
Hnd November 19S0 · · · · , 10 I , 10 18 '1 '1 , 8 8 8 .. .. .. 1 1 .. . . .. .. 
8th December 1080 · · · · · · · , 1& 8 , 

2' II 21 118 '1 10 141 • .. .. .. 18 1& .. .. .. .. 
18th Deoamber 1980 • · · · · I 11 8 , 10 T • 11 & II 7 II .. .. .. , • a , • 8 

loth December 1980 0 · 0 · · · II I II • 10 T 10 17 8 • 1:1 I I I .. • I .. I , II 

nat December 1080 0 · · · · · · • • o. S 1 • T • a , • 19 II .. .. .. • 11 II .. .. .. 
10th .ra.nuary 1981 0 · 0 · · .. .. .. 1 • .. 28 .. , 10 so • .. .. .. .. .. .. .. .. .. 
I2nd .ra.nn&r110n · · 111 61 U '1 .. I II \16 11 60 101 II .. .. .. &, 81 11 11 III n 
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TABLE XXV 

Population oj Earias la'f'lXU 016 25 plants oj bhendi oj different vUf'ieties tn Khandesh, dibbled with the general crop oj cuUon 
on 20th June 1930 

.. 
I>:) 

Date 

"12tb Au~u.t 1030 
2uth AU2UOt 1930 
26th AU2U8t 1930 
30tb AU2U8t 1930 

3rd Septemb .. 1930 • 
13th September 1930 • 
22nd September 1030 
~6th September 1930 • 
80th September 1930 • 

7th October 1930 
11th October 1930 
18th October 1030 
~Mrd Octobcr 1930 
26tb October 1930 

18th November 1930 • 
25th November 1930 • 

lst December 1930 
7t.h December 19~0 
17th December 1930 : 
25tb December 1930 • 

6th J .nnary 1931 
16th JBouery 1031 

N ... 1k local 

I 
ill .g .~ 
~ .. 

I'c 1>'1 -
74 40 .. 

106 44 'i 125 68 
97 52 1 

66 52 6 
88 20 1 
12 9 2 
12 18 3 
28 32 15 

~4 81 53 
14 21 14 
12 15 11 

7 9 10 
18 25 60 

.. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. 

KatallocaI 

~ 

~ 
~ .g .! 

~ E-I I'c 
---- --
.. .. .. .. .. .. .. .. .. .. .. .. 
ss 17 1 
46 31 3 
83 31 3 

127 48 6 

210 86 9 
45 34 5 

107 80 20 
47 81 4 
75 41 40 

77 58 23 
48 38 21 

II 1~ 13 
11 9 6 

14 '9 12 

18 19 17 
11 IS 11 

(1930-31, Jalgaon) 

American American American 
Surat 5 Burat 9 long dWArf wbite 

green green velvet 
'. 

~ :l :i " ! > > > j RBIWIIUI 

~ ~ ~ ! 
s .g .~ ill .g .~ ~ ! .~ ~ ~ .! ~ .g ~ 
0 ~ '0 .. 0 ~ ~ E-I I'c E-I I'c "l E-I 1>'1 E-I I'c E-I I'c 

-- ------ - --I- --- -- -- - - - -
.. 46 27 " .. .. .. '7 's .. .. .. .. Excellent growth 01 

3 2 .. 90 38 . . .. .. .. " .. . . ~antAI tbroulbo'lt 
28 14 ., 130 67 1 . . .. .. 10 5 .. .. . . . . atal bh.ndi g ... w 
35 22 .. 90 49 .. . . .. .. 16 8 .. .. . . . . over 6 leet and the 

rest about' feet and 
52 32 ·s 100 85 U .. .. .. 3 2 1 3 6 1 over. 

163 67 72 47 4 'i 45 19 44 20 .. 
2S 10 1 3 2 11 6 16 7 1 21 8 .. 
27 7 3 11 11 2 12 9 8 8 15 6 

3 1 1 30 30 5 18 7 1 12 8 2 10 5 1 

34 18 5 68 66 32 77 27 5 50 17 4 36 20 2 
39 25 11 11 15 6 63 37 6 45 29 6 27 14 1 
80 06 32 7 10 5 44 22 7 43 21 11 66 37 7 
22 22 13 is 35 13 8 35 20 13 99 42 U 
10 10 19 5 13 33 16 49 41 21 41 40 24 42 

5 6 10 . 2 43 33 41 33 21 17 42 29 22 
19 17 25 1 3 45 31 41 72 64 78 47 41 43 

6 9 13 .. .. .. 29 33 47 77 64 83 33 31 41 
11 16 17 .. .. .. 36 24 52 51 36 47 31 28 17 
.. .. .. .. .. .. 19 12 21 19 17 33 21 16 32 
.. .. .. .. .. .. 30 18 43 38 26 42 21 17 32 

7 6 14 .. .. .. 14 17 28 12 16 23 19 15 9 
6 7 8 .. .. .. 16 18 27 18 23 (3 .. .' 

! 
t:I 
tJj 

I 
UJ 

o oa 
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TABLE XXVI 

l'opulation of Earias larvae on bhendi plants of dijJere'Ylf, tJatietieSl, dibbled one month ajte'r the ge'lle'raZ crop (i.e., 0" 19th July 
1930 at Jalgaon) 

(1930-31) 

American American American 
Naslk local Katal local Surat II Surat 9 long dwarf white 

green green velvet 
, 

Date :I I :I .. ! :I :I RII!WID .. 
~ 

.. .. .. .. 
l l l l l 

II ~ .~ II ~ .~ ~ 
.. .! II .. .! II ~ i J .. i ! ~ i 

"0 ~ "0 ~ ~ .. "0 ~ .. "0 0 '8 ~ ~ E-4 Pol E-4 '" E-4 "'1 E-4 Po. "'I E-4 '" "'1 E-4 Pol 

No. or plante oblerved .... h time 25 plante ;\ plants. 1 plant. Failed to 8 plante. 5 Planta. 8 plante. 
gro ... 

"lIth September 1930 18 15 .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . " .. .. .. Poor growth or plante : 
mM or &bem 

"22nd Septembtl" 1930 & 10 I . , .. .. .. .. .. .. .. .. .. . . .. .. . . " . . .. .. did not grow at aU. 

.aoth SCI-tember 1980 • 11 111 1 .. .. .. Ii 8 II .. .. .. .. .. . . .. . . .. .. .. . . 
7th October 1980 18 18 11 I 8 .. 5 2 .. .. .. .. 2 1 .. .. . . .. . . .. .. 
18th Oct"ber 1930 12 15 I: .. .. .. 1 1 .. .. .. .. .. . . .. . . .. .. .. .. .. 
'!loth Octnber 1980 P 11 6 11 5 1 .. .. .. .. .. .. .. . . . . ;\ ! .. . , .. .. 
-26th Ortober 1980 . 1 1 1 211 14 It II .. .. .. .. .. . . . . .. 1 1 .. J 1 1 

12th November 11130 • a II 14 • 5 18 II • Ii .. .. .. .. . . " 7 Ii ;\ S 1 I 

'J2nd November 1930 . .. .. . . II ;\ 8 4 8 II .. .. .. .. .. .. 1 1 ! 4 • II 

.ath December 1980 I 8 e JO 11 5 8 1 1 .. " .. .. . . .. 11 • T II • • 
10th December 11130 • 1 8 S 9 7 8 1 1 .. .. .. . , . . .. .. Ii • T • II \I 

J6th Deeemb.r 1980 • .. .. .. • • • II 8 \I . , .. ., .. .. 11 T T 12 • II 

-SOth December 1830 • .. .. .. 10 • 17 • • I .. ., .. • 1 • I a \I • Ii 8 

~tb JanWUl' 1081 .. .. II • • . . .. .. .. .. .. .. .. . . .. .. " 111 111 17 

18th Januar7 108J . , .. .. U 111 • • I 1 .. .. .. • • • • • • 11 • I 

.... 
t.:I 
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m 

~ 

I 
~ 

I 
; 

i 
CI 

~ 



Date 

. 

8rd September 1930 • 

16th September 1930 

22n4 September 1980 

26th September 19aO 

aOth September 1980 

7th October 1980 

11th October 1930 

20th October 1980 

26th October 1980 

12th November 1980 

18th November 19aO 

27th November 1980 

9th De.ember 19aO • 

16th »eoember 1980 

26th Deoember 1980 

16th January 1181 

TABLE XXVII 
Population of Earias larvae on bhendi plants, dibbled in July and August 1930 at Jalgaon 

(1930-31) 

I DIBBLBD ON 7m lIlLY 
DIBBLIID ON 9TH AUGUft 1930 

1930 

2V=IAI 7J:.~~IAI 26J~IAI 26 planlAl 
1UItu.1 

RlIlIWIXa Date RlIlIWIX8 
:I .. 

:I ~ ~ : 
t S ! s ~ 

~ .. .~ J ~ .~ 
J ~ .~ :I ~ .~ OS ~ ~ ~ ~ r:l Eo< Poi Poi 

Poi Poi - - - - - - - -4a 29 4 .. .. .. ThII plot w .. dibbled 20th October 1930 a 4 a 22 12 8 Germination w .. not a fortnight alter the 
goo<1 and the planlAl ao 18 2 .. .. .. teneral Bowing. 26th October 1980 8 6 4 17 8 6 were very Itunted In erminatlon was 
growth, beiDg lOll ao la 6 .. .. .. bad and out of 60 12th November 1030 8 6 8 62 27 22 than. foot. dlbbl .. only 26 In 8 , 8 .. .. .. one and 7 In the 22nd November 1980 , 8 7 60 28 18 other GOuld be .. .. .. 6 a .. secured for our ob- 6th December 1980 S 18 17 11 16 9 servatlona. 

77 101 82 41 21 , 
16th December 1980 1 8 2 11 ·8 18 

11 17 4 8 7 2 25th December 1930 2 8 a 9 , 6 
6 8 , 28 20 , 

18th I anuary 1081 , , a 6 7 a .. .. .. 22 11 6 
6 11 17 9 7 10 

.. .. .. 6 6 2 
9 17 18 28 16 6 
1 8 a a , 6 

.. .. .. 11 8 1a 
6 10 12 6 6 2 

.. .. .. 6 9 , 

11>' 
"!I' 
O· 

~ 
tI:I 

~. 

i 
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128 SPOTTED BOLL-WOB.M8 OJ' OOn'ON IN SOUTH GUJAllAT 

TABLB XXVIII 

Boll-worm moths attraoted to baits ezposed 'n tAe cotton foT.la '" 8u"" 

(1927-28) 

Date Cotton .eed BlwIuIi_d S_IIlUID cak .. 

. 

20th December 1927 · · · Started • .. .. 
23rd Decelllber 1927 · · 8 .. .. 
24th Decelllber 1927 · · 8 " " 25th Decelllber 1927 · · 1 .. " 

30th Decelllber 1927 · ... 
" " let January 1928 · · · · 1 .. " 

2nd January 1928 · · · 17 .. " 6th January 1928 · · · · · 1· Started • .. 
7th Ja.nuary 1928 · · · .. .. " 8th January 1928 · · · 3 1 " 
9th January 1928 · · 6 " " 10th January 1928 · · · .. • 1· Started • 

14th January 1928 · ... • .. · 17th January 1928 · · 1 2· ... 
19th January 1928 · · · ... ". ". 23rd January 1928 · · · · ... 1· 1· 

24th January 1928 · · · .. " 1 
25th January 1928 · · .,. ". ". 
29th January 1928 · · · .. 4 11 
30th January 1928 · · · · · 1 1 1 

31st January 1928 · · · · 1 3 38 
1st February 1928 · · · · · 1· 1· 2· 

2nd February 1928 · · · · · 3 2 • 4th February 1928 · · · .. .. 2 

6th February 1928 · · I- I- 1-
8th February 1928 · · · " 2 6 

9th February 1928 • ; · · · " 6' J 
11th February 1928 • · · · · .. " 1 

13th February 1928 • · · · .. - .. - I· · 2 4 14th February 192,8 ; · · · · 1 

16th February 1928 • · · · · 2 1 .. 
17th F"bruary 1928 • · · • · I & " .. 

• Indicates the daye on which the baitl were moi.etened WIth _ter • .. 
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TABLE XXIX 
Boll-worm moths attracted 1o the bait pans at Surat 

(1929-30) -
Sesamumcake Cotton seed cake Groundnnt cake 

W3ekending Moths Moths MotLs 
No. of EariM of Pink No. of EariM of Pink No. of Earial of Pink 
pans moths boll- pans moths boll- pans moths boll-

worm worm worm 

--- ---- ---------------
19th october 1929 3 2 .. " 2 .. .- .. --
26th october 1929 3 1 .. , 1 .. ., .. .. 
2nd November 1929 3 1 .. , .. 1 .. .. .. 
9th November 1929 3 6 6 40 .. 28 .. .. .. 
16th November 1929 " 8 18 8 20 34 .. .. .. 
21lrd· November 1929 " 83 22 8 43 70 .. .. .. 
80th November 1929 4 96 9 8 66 39 2 23 6 

7th December 1929 • 4 16 10 8 62 25 2 15 3 

14th December 1929 4 23 10 8 23 19 2 3 , 
21st December 1929 

, 60 7 8 46 33 2 38 7 

. 
28th December 1929 4 63 7 8 26 14 2 2 " 
4th Jannary 1930 40 14 11 8 14 23 2 6 1 

11th Jannary 1930 4 43 25 8 67 97 2 7 22 

18th Jannary 1930 4 1 4 8 6 10 2 2 .. 

26th Jannary 1980 4 196 145 8 73 298 2 69 84 

1st Febrnary 1930 4 90 79 8 19 114 2 47 38 

8th Febrnary 1930 4 310 102 8 168 242 2 lllO 61 

5 3" 266 9 201 445 3 559 164 
16th l"ebrual'l' 1930 

6 189 407 9 96 620 8 63 ~13 

22nd Jrebrnary 1980 

6 14 23 0 7 76 3 21 15 
lot l4atth 1980 



--
; 

Week ending. 

1 

11th October 1980 · 18th October 1980 
86th October 1980 · 
lat November 1980 · 8th November 1980 · 16th November 1980 

22ncl November 1030 · 29tb November 1980 · 
6th D.""mber 1980 · · 18tb D.""mber 1980 · · 
loth December 1980 · · 17th DeoeJllber 1980 · · 
8rdlanuary 1081 • · · 10th January 1981 · · 17th January 11181 · · 
• 4th lanuary 1981 · · U.' January 11181 · · 
7th February 1981 · · 14th :February 1981 · · 
21n February 1981 · · IIIth :Fe11ruar7 11181 · · -- -

TABLE XXX 

Bo]J,..worm 'I1WtftS ,utracted al. the bait pans at Sura. 

(1930-31) 

Mixture of 
Groundnut cake Beeamum cake Cotton leed- lIfOundnut, Bandal Wood 

(II pane) (1 pan) cake (1 pan) cotton aeed- pute (1 pan) 
cak .. (II pane) 

-

Moth. Moth. Moth. Moth. Moth. 
Ea,;aI of Pink Earia. of PInk Ea';a. of Pink Ea"'" of Pink Eana. of Pink 
motU boll- motU boll- mothe boll- moth. boll- motU boll-

worm worm worm Worm worm 

~ ------ --- - - --- --- --- ---
I 8 , II 6 7 8 D 10 11 

---- ---------- ---- ------.. .. .. .- .. . . .. " .. .. 
8 _. .. .. .. .. . . .. .. .. 
1 .. .. . . .. .. . . " .. .. 
T .. 6 .. 1 .. . .. .. 41 . . 

ell 
'i7 

7 .. • 'is 
, 

'i8 
10 .. , 8 II 1 • 8 1 

10 ell II 14 8 411 88 I 
18" 

.. 
10 411 10 8 .. l' 841 41 1 

16 84 111 117 1 10 T 117 1 1 
11 7 11 1 .. .. 1 , 1 1 

8 8 1 I .. s 'io 
, - .. 

21 87 17 41 41 11 21 .. 
11 21 11 IS .. lIi 8 811 .. 

S U .. , .. 8 1 18 .. .. S .. . . .. .. .. J . . 
I 841 8· It • .4 II .. . , 
• 74 • 17 1 .. It 77 .. 

81 19. .. 1911 .. .. .. .. . . 
11 161 81 161 .. .. .. .. .. 
12 17 '1 It .. .. .. .. .. 
J 8 , 21 . , .. .. .. .. 

-Moppe4. 

Nntmeg paste 
(1 pan) 

Motb. 
Earial of PInk 
moth. boll-

worm - -
11 18 

'---- r---
_ . .. 
" . .. . . .. 
Ie .. • .. 

41 II 

41 II , .. 
1 .. 
1 .. 

.. .. .. .. 

.. .. . - .. . . .. 

.. .. .. .. 

. . .. . . .. 

. . .. . . .. 

Mixture of 
..... mumand 
cotton_d-

cakeB (2 pane) 

Motb. 
Ea';aI of Pink 
motb. boll-

worm 

--- f---
14 15 

- -. . --. . .. .. .. 
. . .. .. .. .. .. 

-.. .. .. .. 
.. .. .. .. 
.. .. .. .. 
.. .. .. .. .. .. 
.. .. .. .. 
48 180 
18 16. 

10 T1 • III 

-~ o· 

i 
III 

~. 
:i! o 

E 
~. 

8 
~ . 
!ill 

; 
~ a 
c c=. ... 
~ 
~ 
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TABLB XXXI 

Boll-worm motn. attracted at the ba", pam at J algaon 

(1929-30) 

Sesamum cake Cotton-eeed cake 
4 pans (2 of 

Fortnight ending Be8&mumcake 
(2 pans) (2 pans) and 2 of cotton-

seed cake) 

(Eana8 moths) (Eana8 moths) (Pink Boll-
worm moths) 

14th September 1929 • 3 .. 4 

28th September 1929 • · · 11 6 3 

12th Ootober 1929 · 76 43 126 

26th October 1929 · 147 108 712 

I 

9th November 1929 128 124 460 

23rd November 1929 • · 201 346 1,347 

7th. December 1929 · · · · 401 484 836 

2lat December 1929 · · 109 49 269 

4th January 1930 · · · · 36 22 91 

18th January 1930 · · · · · 13 '17 65 

la, February 1930 · · · · · 4 3 47 

15th February 1930 · · · · · .. 1 5 

1st Maroh 1930 • · · · · · 1 1 75 

15th Maroh 1930 · · · · - .. 25 

29th Maroh 1930 · · · · · - - 4 
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Week encllng 

11th october 1930 

18th october 1980 

25th october 1930 

1st Nonmber 1930 · 
8th November 1930 · 
16th November 1980 ' · 
22nd November 1980 

29th November 1980 · 
6th December 1980 · 
13th December 1980 · 
20th December 1980 · 
27th December 1980 · 

: 
Srd laDWUJ 1981 · , 

10th J'aDWUJ 11131 i 

16th J'aDWUJ 1981 · 
;II 

TABU xxxn 

BoU-worm mot'" aurtuJted to eM bail pat'll '" J algaof& 

(1930-31) 

G1I017lmtnrr OAK. 

COTToKDD~ 
nan" DlLlITIID .. COftOB IUD ClUJ! 

WATIIB o. TIUI 
WBOLBPU 

BarIae P1atyedra BarIae Plat)'edra Bart .. Platyedra 

--- -
I .. 1 .. .. .. 
I .. S 1 .. " 

, 'I 'I 2 , • 
~ 6 I 81 12 It 

B 11 11 24 12 U 

II 111 13 117 14 61 

Ii 47 81 867 It 167 

82 166 140 746 42 11& 

20 145 197 1,161 66 D98 

'18 237 8611 982 2tI6 IKIS 

21 206 191 8110 181 680 

211 2&1 1118 2711 1117 4&2 

" '108 118 186 1&2 882 

'9' 770 162 1211 IlIIII 81. 

18 426 OS l!9 206, . . I'J 

GB011IfDJn'" IW[8 .011· 
~IW"DUII 

KarIu PIMJe4ra 

I I 

11 I 

20 10 

11 18 

• 17 

Ii " 
18 128 

811 831 

1110 IUO 

118 148 

84 127 

'18 I3Ii 

41i 848 

6110 84. 

231 250 



TABLE XXXIII 

Weekly flower-opening, percentage of the bolls 8hed due to boU-wOTm8 out of the total bolls 8hed, numbel ~f flowers whwh 
developed into mature bolls and the percentage of the weekly flower8 which 8ucceeded into mature bolls in the cont701 plo' 
and in the plots dU8ted unth calcium arsenate alone and calcium arsenate with lime. 

Weeki 
Flowe .. 
opened 

'th Deoember 1926 71 

11th Deoember 1928 • 67 

18th Deoember 11126 • 88 

26th December 1926 • 89 

1at January 1927 68 

8th January 1927 96 

15th January 1927 85 

22nd January 1927 92 

29th January 1927 114 

lith February 11127 126 

12th February 1927 • . 1111 

(1926-27) 

(Observations of 20 plants in each case) 

CONTBOL PLO!l! D11Bi'BD WI1'II OALCllJl[ AllSBNAi'B 

Percent- No. of Percent- Percent- No. of Percent-
age of 1I0we .. age age of Bowen age 

boll. shed deve- . auooo81 bolls shed deve· IU""" 
due to loped of Flowe .. due to loped of 

boll·worm 1I0we .. opened boll·worms lIowera 
out of Into Into out of Into Into mature mature total bolll mature total bolll mature 
shed bolll shed bolls 

-------- ---- ----
70'4 10 U'O 7 12'8 6 7H 

74'6 II 1H 44 20" 28 68'6 

84·0 11 12'6 72 18'8 61 70·8 

78'0 17 19'1 198 16'0 118 61'6 

70'6 16 22'0 2211 11'8 184 68·6 

46·8 87 88'6 296 8" 98 81'0 

8l'7 46 62·9 265 11·4 16 6·6 

17-8 62 66'6 298 "0 9 8'0 

17·6 70 6H 209 1'0 6 11'8 

12'0 89 71'2 102 8·11 8 7'8 

2'6 64 66'6 88 .. 8 114-l1 

D11Bi'BD WI!l!R OALCI\!lI AIISlINAi'B AND 
LUlB 1 : 8. 

Percent· No. of Percent· 
age ot Bowen age 

bolIIshed dave- IUOOOIII 
Flowe .. due to loped of 
opened boll·worm 1I0we .. 

out of Into Into mature total bolla mature 
shed bolla 

-------- ---- ----
7 12'8 , 67-1 

n 46'8 16 811~1 

411 82'6 17 8"0. 

107 82-7 '9 46'7 

164 86'0 78 "., 
211 26'6 112 68·' 

198 19'9 101 61'0 

287 11'8 66 117'" 

196 7-8 81 16·8 

189 0·9 19 10'0 

184 ,., 8 6'11 

Oil 

~ 
a 
t:I 
b1 o 

~ 
~ 
110 

~ 

i 
~ 

i 
a 
E 

..... 
~ 
~ 



TABLli: XXXIV 

Weekly jlower-opening' and relaeiw number 01 jlower. which dewlapea into mature bolls Irom tnt du.~a and control plot. . . 
(1927-28) 

~ 
., II 

1 I I I ~ ~ I '& I I I i r I r-tmenta - ! j 8 

= Ii< A ... ... 
~ l ~ 'I! ~ ~ ~ ! ~ ~ -: ~ ~ 

s ... ... ... .. .. ... ... .. .. ... .. ... -------- ---- --- ------------
(I) Dusting calcium anenate at Flow ... opened .. 17 82 177 846 287 408 897 207 77 8 .. .. .. 

6 daJllDtervaI. 
Bolla matured out .. 10 87 128 196 80 28 II 1 .. .. .. .. .. 

of above 1I0w ..... -- ---- f--a'o;---~ ----- --
(I) Dus::' u above and apray- Flow ... opened .. 18 60 108 288- 1170 816 2111 88 8 

IDa b 00 I<lIID _po 
Bolla matured out 1 1 , .. 10 811 84 170 100 48 11 .. .. .. 

of the above 
lIowen. --rzoo (8) Dusting calcium anenate Flnwen opened .. 1 17 " 181 1114 161 241 268 116 61 7 .. .. 

with &ram 1I0ur. llolIa matured _. 70 81 11 11 I 1 .. f 10 III 188 80 .. .. 
of the ahoY. 
lIowen. 

(4) DustlDa calclum anenate Flowera opened . I 10 II BII 1110 187 1111 888 1111 117 48 f .. .. 
twice at bud development 
and twloe at 1I0wu-open-
IDa time. 

Bolla matured out 68 61 17 I 1 II 1 • It 68 115 .. .. .. 
of the above 
lIowen. 

(6) Dusting calcium anenate 
only twloe at lIowvlDa 

FIowera opened .. .. .. 18 8' 113 U7 888 136 421 888 117 11 I 

t.lme. 
llolIa matured out .. 

of the above 
.. .. 11 68 71 11. 186 88 10 11 • .. 1 

II ........ 

(0) lln_ted plo' • . Flow .... opened .. 14 87 81 lOB 77 118 168 185 100 167 118 66 18 

BoDe maturedoutaf .. • II 88 .. 87 M 78 .. eo 88 " 10 8 
&b. abovellowore. 

--- ----- ---

• 8pr11f1Dc ........ 

i 
~ 
~ ... --.. 
.. 
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TABLE XXXV 

A flolysiB of calcium arsenate (tMough the courtesy of the A grictiltulol Chernift, Collcge 
of Agriculture, Poona) 

Berger's calcium Calcium aHinate 
Percenta~e of arEenate (from f10m OJ aHelli & Co. 

England) (from .America) 

Moisture . 1·70 traces • 

Sand . . 0·25 0'20 

Solu ble arsenic olIide (.As. 0.) • 1·26 0·22 

Total arsenic oxide (.As. 0.) 45-43 40·11 
I 

[ 

TABLE XXXVI 

Dates of dusting in the different plots in the year 1928-29 

Plot Treatment given Date of lst Date of 2nd Date of 3rd Data of 4th 
No. dusting dusting dusting dusting 

--
I Dusting with blackened 8th October. 18th October. 29th October. .. 

caloium arsenate when 
the boll-worms are feeding 
in shoots. 

---
2 Dusting with blackened 6th November. 15th Novem- 24th Novem- 3rd December. 

calcium arsenate when ber. ber. 
the flower-bud develop-
ment is vigorous. 

3 Dusting with blackened 19th Novem- 28th Novem- 7th Decem- 17th Decem-
calcium arsenate when ber. ber. ber. ber. 
the boll-development 
has commenced. --_. -

" Dusting with white calcium 5th Novem- 16th Novem- 25th Novem- 3rd Decem-
arsenate alone when ber. ber. ber. ber. . 
vigorous flower-bud 
development is in pro-
gress. 

5 Dusting with sodium silico- 7th Novem· 16th Novem- 26th Novem- 5th Decem-
fluoride alone when the ber. ber. ber. ber. 
flower-bud development 
is in progress. 

6 DURting with blackened 8th Novem- 17th Novem- 27th Novem- 7th Decem-
sodium silico-f1uoride ber. ber. ber. ber. 
when flower-bud develop-
ment is in progress. 

» -"." - . - . ' . , 
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TABLE XXXVII 

Weekly flower-opening and BtWCess of flowers to mature bolls from 20 p'la·nts in each case from plots dusted IOUh insecticides 
and their controls 

(1928-29) 

I 11 4 4 ~ 1 
tl 

1 j I 1 
,CI 

r I Plot Treatment ~ ~ ! i i No. -- ~ ~ ~ I j:l j:l j:l 
~ ... IZi 

~ ~ ~ 
j:l j:l 

~ 
... 

~ ~ ~ i ! ... ':! ~ ~ ~ ... a ... ... co ... aD ... co .. ... - ---- ------------ -------- --
II Blaokened oalolum _nate at Flower. opened .. .. 711 168 840 SIIZ 477 8711 1118 78 III 1 1 .. 

bud development.. 
Bolla matmed out of .. .. 61 86 1111 126 141 69 , .. .. .. " " tbe above 1I0wera. - ---------------- --------

Il·A Control for No •• Flowera opened • ., " 86 77 98 171 298 281 226 19' 187 89 " 111 
Bolla matu",d out of .. .. 8 18 28 68 ISO 142 8S 84 28 6 , 

" the above 1I0wora. ------------- ------- ----.. White oalclum _nate a' Flowen opened .. .. 108 112 29' 'B' 84& "8 289 118 86 .. " .. 
bud development., 

Bolli matnnd out of .. " 68 111 181 814 1126 61 11 I .. .. .. " the above 1I0wora. ---------;-----foo. Control for No. .. , Flowe .. opened • .. .. 141 17' 182 196 1161 186 1711 180 81 16 • Ballo matnnd out of .. .. 88 '7 " 83 160 .128 78 68 III 18 1 " the above 1I0wera. 

, -"1 ----• Blackened IOdlum Illlco- Flowora opened .. .. 86 283 306 '6' 660 1171 88 18 " lIuortde at bud d.evelop_" 
Bolla matnnd out of " " 'II 111 110 1811 1121 63 , I .. .. .. . . 

tbe abo"e 1I0wora. --61 --100 --&oA. Control for No. • Flowe .. opened , .. 117 16' 128 244 178 186 108 8e .. 18 
Bolla matmed out of .. .. l' 28 81 71 118 188 118 68 III • I " the above 1I0wora. 

II WhIte IOdlum 1l1100-lIuorlde at Flo ..... opened .. 1 7T 1M 1111 8111 188 17 28 28 111 • 111 • bud dovelopmen" 
BollI matmed out of I 1 • 1 .. .. 'II 66 II 171 116 II I • the above Itowera. 

11-. Control for No. 6 . . Flowe .. opened , .. .. 78 1611 167 180 1711 B811 198 1171 1110 IBe 68 10 
Bolla matured au' of .. .. 17 .. 68 118 1011 1711 106 .. '1 • , I 

tbe above 110 __ 

----- --- -

... 
C4 
0) 

l1li 
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TABLE XXXVIII 

Weekly flower-opening and StuJCe8S of flowers to mature bolls from 20 plants in each case from· plots dusteil with insecticulell, 
and their controls 

(1928-29) 

I 
Il Il Il !l Il !l .8 Il 

I 
JO JO 'S ! JO ,Q 

&' ~ i ,Q e; EI "" EI EI EI i Plot e ~ " ~ EI EI 8 g " i!l " Treatment -- r; ~ 

~ g " ~ ~ No. ~ 
0 0 " .. 

~ ;.; ;.; 
1=1 1=1 1=1 1=1 ~ ~ '" z z Z 1=1 Z ... Z ~ Z ~ '2 1il Z " Z ... 

<:> to ... '" co CI> CI> ... " .. ... ... .. ... OD ... ... co '" ... ... .. .. 
-- ------------ ------------

I Blackened calcium anenate at 
shoot attack. 

Flowers openOci 7 51 262 192 157 185 197 182 187 125 116 48 18 4 

BolIs matured out of 4 9 88 38 42 40 98 106 59 " 89 9 8 .. 
·the above lIowers. 

--------------------------
l·A Control for No.1. Flowers opened .. S 60 120 135 287 260 817 215 176 168 72 27 6 

Bolla matured out of .. 2 20 29 42 88 120 160 76 30 24 7 6 1 
the above lIowers. 

--------------------------
8 Blackened calolum _nate at Flowers opened .. 1 85 149 170 296 462 472 298 178 69 13 .. .. 

boll development. 

BalIs matured out of .. 1 39 88 75 159 212 116 17 S 1 2 .. .. 
the above flowers . 

--------------------------
8·A Control for No.8. Flowers opened .. .. 75 110 145 226 821 299 184 189 106 68 81 .. 

Bolla matured out of .. .. 26 89 46 70 147 119 62 ·21 17 a 8 .. 
the above flowers. 

- - - ._---_.- -

IJl 
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~ 
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TABLE XXXIX 
~ 

Date8 of dU8ting in8ectwide8 t71 different plot8 and the total q'tUJmity of the insecticide fAted with the approzimate cost of the 
. poi8on8 required 

; 

(1929-30) 

Total dust ApplOJtlmate requIred OO8t of the Plot Treatment Date of lit Date of 2nd Date of 8re1 Date of 40th Date of 6th calculated total IlIlIectl. No. duatlog duatlog duatlDg duatIDg duatlog per acre (main cfd .. IIIed per IlIlIectlelda 
Dilly) 8ClN 

RI ••••• 

I Blackened calcium "",anate at SO lhe. mm· 18th No .. em· 9th Decem· 19th Decem· 2'th Decem· 8re1 lanuary • 61 18 o 0 
'me per acre per turn. ber. ber. ber. ber. 

II) 

~ 

i 
~ 

• WhIte calcium "",enate at 20 lhe. per acre Do. Do. Do. Do. Do.- 101 15 , 0 
per tum ... d lllootina Iulphate when aphll 
appear. I , White ""Iclum anenate duatlog at 10 lhe. Do. Do. Do. Do. Do. . .. 18 • 0 
per acre pe. d""tlog. 

a Blackened lodlum IWoo·Suorld., duatlllll 19tb No ..... • lOth Deoem· 25th Daeem· 'thl.........,. • .. 111 1711 0 
at '0 lhe. of mlJ:tme per acre per duatlog. ber. ber. ber. 

-
«I Blackene" lodlum IWoo-Suorl". at '0 lhe. Do. Do. Do. Do.- .. 110 17 • 0 

mlxtme per .... , per turn and lllootlo. lui· 
pbete when aphll .ppear. 

; 

i 
~ 

, White oodlam olI.laorIde .. 10 lbe. per 
..... per duatlog. 

Do. Do. Do. Do. . .. N II • 0 

- ---

- WISb the addlUonlll DIcoUne IIIIp ........ 
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TABLE XL 

Weekly flower-opening and success of flowers into mature bolls from 20 plants from plots dusted with insecticides and their 
controls 

(1929-30) 

Il Il Il !3 
~ Il Il Il !3 

Il Il 'S ~ '" '" 'S '" i i ~ j ~ 'S a '" ~ '" ~ " ~ a a a 
~ ~ ! 

.. .. " i! 8 ~ " ,; Treatment -- 0 0 ~ i! ~ " ~ " " ~ 
iZ< 0 0 ~ iZ< iZ< &:I &:I &:I ~ ~ &:I " :s :S :S ... :S ~ :S ~ ~ :S :S :S :S f';o f';o 

<X) '" " :S .. 0 :S gj ~ ... <X) '" ~ :S 
'" .... .. .. '" .... .. ., ... .... co .... .... .. GO 

------ ----- ---- -- ----
I Blackened calcium arsenate Flowers opened .. 4 6 7 17 82 82 84 123 140 166 236 246 239 183 78 8 

at 20 lb •. an acre. 
Bolli matured out of .. .. .. . . .. 3 9 44 78 84 101 148 87 11 , .. .. 

the above flowers. --------------------------------
Control for No.2 Flowers opened .. 1 6 7 6 7 9 44 102 139 131 248 279 237 235 134 35 

lioll. matured out 01 .. .. .. .. .. .. 4 17 49 74 82 175 151 53 9 10 1 
the above ftowers. 

---------------------------------
8 White calolum arsenate at Flowe .. opened .. .. 2 9 23 27 37 76 117 146 211 286 252 211 105 13 .. 

20 lb •• to an acre and 
nlcotln. sulphate when Boll. matured out 01 .. .. .. .. 3 4 16 47 79 100 127 117 40 5 .. 1 . . 
aphli appoar. the above flowers. .- --------------------------------

Control lor No.8 Flowe .. op.ned .. 4 7 17 23 27 80 80 113 133 132 170 241 222 203 92 24 

Boll. matured out of .. .. 1 3 .. 2 8 36 49 64 80 120 135 46 9 3 2 
the above dowers. --------------------------------, Wblte calolum arsenate Flow ... op.ned .. 5 S 5 19 S3 27 41 114 121 166 212 807 190 178 58 8 

at 10 Ibs. to an aor •• 
·Bolli matur.d out of 

the above dow .... .. .. . . .. .. 6 8 28 85 69 90 94 ·99 18 1 .. .. 
--------------------------------

Control for plot No. , Flowe .. op.ned .. .. 1 6 24 21 33 64 101 118 156 223 237 208 126 44 10 

Boll. matured out of .. .. .. .. 1 8 6 36 65 63 108 125 90 24 2 .. 1 
the above dowe ... --- - ---
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'.fADLll XL.--ooncltl.. 

Weekty ftower-opening and success of flowers into matU9'e bolls from 20 plants from plots tlIJ8tea witli in8ecticides anti their 
controls-oollcld. 

(1929-30-ooncld.) 

f 
II j j i i 

II ! II 

J I i I J i ! 'S. a 1 1 i J ~ a 
0 Treatment -- ~ ! ~ ~ 

§ 
~ ~ IZ< 0 0 1=1 1=1 1=1 1=1 .. '" :s :9 ~ a :9 ~ ;i :9 ;; :9 :9 :9 :9 Po :J ;i ;i ;i .. ;i :!I '" i ... :i ... GO ... ,!I ... IIot CD ... .. to ... .. ... ... ... .. GIl ... - ------------ ------

6- Blackened. lodlum 111100-
lIuoride at '" Ibe. mixture 

J'lowe .. oplIled .. .. 1 10 lit B8 88 liB 119 166 168 B91 808 119 I'll " 8 .. 
per aore. Bolli matured out of .. .. .. r . . 8 10 86 

tbe above Bowan. 
88 liS 81 188 91 11 I . . .. .. I. ----OODUoJ for No. 8 . . 1'10_ opeD04 . .. .. 6 II I' B8 III 108 1'8 1'1 BOO BSa 117 1d " II 1 

Bolli matured out of 
tbe a bov. Bowen. 

.. .. .. .. 1 8 10 Bl 61 7' 7' 180 101 III 11 8 .. .. 
1- --

8 Blso .... ued Iodlum 111100- 1'10"'" opllled 
BuorldA at to Ibt. millture 

.. I II I 11 18 10 all 180 1&0 UO 886 8111 171 811 17 I .. 
per aore aud Dlootlne lul. Bolli matured oul of .. .. 1 .. .. a 9 
pbsto wblll apbll appear. the above Bow .... 

lIO 88 81 ae 111 81 III 1 .. .. .. 
-- ;---------- - -

Coutrol for No.8 J'lowen OpeDed .. I 8 a 10 II 81 78 lU 118 188 800 ItO Ito 166 89 U 't 
Bolli matured out of .. .. .. .. 1 a II 80 

theabeveBo_ 
81 8' ?Il 186 108 " 8 8 .. .. 

- :-. - ---- - --------"""'i98 -- "'"ifl -- - ~ f-& 7 White Iodlum 111100- Flowan opaued . .. • 10 III 17 10 80 lS8 18a 179 17' 98 11 
Buorlde at 10 IbL per aore. 

Bolli matured out of 1 I 6 8 U 108 11. 117 181 71 , .. .. .. .. .. .. . . 
the above 1I0wen. -CODtroI for No. , Flowan opaued .. .. .. I 11 18 10 81 118 187 168 818 191 171 70 18 1 .. 

Bolli matured out of .. .. .. .. , .. 8 10 
the above 1I0wen. 

N 110 " 87 Ii 11 • .. .. .. 
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TABLE XLI 

Population oj Earias larvae on weeds at Burat in 1928-29 

Hibiuu' ,..,.,... Hi""""' "", .. illol .Abulilon "artoknl .Abulilon irnlicum 

Week ending 
No. of No. No. of No. No. of No. No. of No. 

plan'" of plan'" of plan'" of plan'" of 
examined larvae examined larvae examined larvae examined larvae 

--- ------------ --- ------

14th July 1928 • 800 .. .. .. SO .. ., .. 

Illst July 1928 600 .. .. .. 126 .. ., .. 
28th Jilly 1928 • 1,000 1 2711 .. 140 .. ., .. 
4th AUIll1Bt 1928 850 . , 200 .. 150 .. . , .. 
11th August 1928 1,100 .. 260 .. 215 1 60 .. 

18th August 1928 .. .. 110 , . 90 6 45 .. 

25th AIlII\IBt 1928 600 8 20 .. 40 .. .. .. 

1st September 1928 200 1 .. .. 60 7 .. .. 

8th September 1928 160 .. .. .. 60 .. .. .. 

15th September 1928 • 200 .. .. .. .. .. 46 .. 

22ud September 1928 100 .. 40 .. .. .. .. .. 

29th SBptember 1928 • 160 .. 60 .. .. .. 24 29 

6th october 1928 60 .. 60 40 .. .. 7 86 

13th Oetobor 1928 60 .. 66 66 .. .. 6 7. 

20tb Ootober 1928 80 12 D 13 .. .. 2 14 .. 
17th ootober 1928 .. .. 6 85 .. .. I 9 

8rd November 1928 100 11 10 21 .. .. .. 
pods. 

10th November 1928 • 100 7 10 20 .. .. .. .. 
pods. 

I 

I 
po 



- BibiB"". rug ..... 

, Week ending 
Plant. No. of 

examined larvae 

----
-6th July 1929 .. .. 
18tb July 1929 • 450 .. 
1!Oth July 1929 • 700 .. 
1!7tb July 1929 • 500 .. 
'8rd August 1929 500 .. 
10th August 1929 600 .. 
17th August 1929 500 .. 
'14th AUllUBt 1929 500 .. 
alat August 1929 450 .. 
7th September 1929 • 250 8 

'14th September 1929 • 100 2 

'In.t September 1929 • 100 .. 
28th September 1929 • 100 1 

6tb October 1928 7& .. 
llIth October 1929 aD .. 
19tb October 1929 75 11 

'28th October 1929 .. .. 
lind November 1929 • 60 • 
1Itb November 19211 10 , 
18th November 1929 • 10 , 

TABLE XLII 

Population of Earias larvae on weeds at Swat in 1929-30 
-

Bibileu. man,hol Bibil"", /leu/ ....... 
BibisCUI pafld_ 

-1 ...... iI Abuta ... graN"'" ... 

Plante No. of Plante No. of Plante No. of Plante No. of 
examined larvae examined larvae examined larvae examined larvae 

---- ---- --------
.. .. .. .. .. .. 25 .. 
.. .. .. .. .. .. 25 .. 
.. .. .. .. .. .. 25 .. 

100 .. .. .. .. .. " .. 
.. .. .. .. .. .. 20 .. 
50 .. .. .. .. .. .. .. 
25 .. 15 .. 25 .. 25 .. 
25 .. 8 .. 80 .. 20 .. 
25 .. 6 .. 25 .. 11 .. 
50 .. 8 .. 10 .. a 1 

50 .. .. .. 15 .. 10 a 

50 I .. .. 10 .. 10 17 

88 18 6 .. 10 8 11 7 

25 I II .. 10 , 10 .. 
25 15 .. .. 10 8 6 .. 
18 7 .. .. 10 11 , 18 

.. .. .. .. .. .. .. .. 
10 26 1 .. 10 8 6 11 

7 I .. .. .. .. , 18 

a .. .. .. 10 • .. .. 

Abulaon iruUcum 

Plant. No. of 
examlned larvae 

---- ----
.. .. 
. . .. 
.. .. 
20 .. 
.. .. 
25 .. 
25 .. 

5 .. 
6 .. 
8 8 

8 .. 
10 27 

8 20 

I .. , I 

• I 

.. .. 
a 8 

• is 

• .. 
-

.... 
~ 

i 
~ 
i 
~ 
8 
~ 

~ 
!iii 

i 
C) 

~ 
5 



HilJilCUI "'go .... 

Week ending 
Plants No. of 

examined larvae , 
----

8rd .July 1930 .. . , 
!lOth .July 1930 • .. .. 
~7th July 1930 • .. .. 
24th July 1980 • .. .. 
81.t July 1930 • 50 .. 
7th Auguot 1980 .. .. 
15th Augnot 1930 60 .. 
22nd Auguot 1930 75 .. 
29th Auguot 1930 110 .. 
5th September 1930 • 108 .. 
12th September 1930 • 50 .. 
19th September 1930 • i7 .. 
26th September 1930 • 123 2 

poW!. 
8rd October 19aO 181 5 

10th October 1930 139 .. 
17th October 1U30 225 2 

24th October 1980 118 , 
SlIt October 1930 50 1 

7th November 1030 63 6 

14th Iiovember 1930 • 20 .. 
21st November 1980 • .. .. 
28th November 1980 • .. .. 

TABLE XLIII 
Population of Earias larvae on weeds at S'UTat in 1930-31 

HilJilCUI "",nihot HilJilcu. /iculntOU. HibiBcu. pandu, ... AbutUon g,a.wlenI -formil 

Plants No. of No. of 
examlned larvae Poda Iarv.e Poda Larvae Poda Larvae 

---- ---- ---- ---- ---- ---- ---- ----
.. .. .. .. . . . . .. .. 
.. .. . . .. . . .. .. .. 
.. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. 

25 .. .. .. .. . . .. .. 
.. .. .. .. .. .. .. .. 

18 .. .. .. .. .. .. .. 
80 .. .. .. .. .. .. .. 
80 .. .. .. .. .. .. .. 
25 .. .. .. .. .. .. . . 
30 .. .. .. . . .. .. .. 
10 .. .. .. .. .. .. .. 
10 4 .. .. . . .. 14 , 
10 10 .. .. 20 1 .. .. 
10 49 26 1 5 2 50 27 

10 4 55 6 25 6 250 48 

15 21 105 20 19 1 231 80 

26 12 80 5 58 6 100 29 
poda. 

14 22 96 11 68 13 123 26 

25 10 67 18 76 7 200 100 

.. .. 10 .. 126 5 163 10 

82 12 50 .. 86 17 125 16 

AbutUon indicum 

Poda Larvae 

--- ----.. " . . . . 
.. .. 
.. .. 
.. .. 
.. .. 
.. . . 
.. .. 
.. .. 
100 19 

16 1 

67 18 

.. .. 
104 25 

54 16 

150 18 

106 24 

60 11 

90 9 

68 , 
66 7 

90 , 
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TABU XLIV 

Population oj Earias 'lMtIae on pZam. oj Abutilon indioum fl:l:(JmM Oft eM 15t" oj 
October 1921 

(A. case of very heavy attack) 

No. of affected polla Larvae found in each form ':rotal Ian .. found 

78 1 7. 
In 2 .1 
'I 3 21 
1 4 , 

':rotal 107 .0 1.5 

TABLB XLV 

Populatioft oj Earias 'lMtItJ8 on Abutilon during sum""" 

(Plants found in gardens of Burat) 

Date No. of plante No.ofpoda ':rota.! Earia. 

80th April 1929 · 7 36 5 

17th April 1929 0 · · 0 0 .28 122 19 

4th May 1929 0 0 · 0 0 12 II I 

11th May 1929 0 0 0 0 .. .. .. 
18th May 1929 0 · 0 0 0 25 34 9 

85th May 1929 0 0 · 0 0 25 107 13 

1st June 1929 0 0 · · 0 15 11 :I 

8th June 1929 0 0 · 0 25 175 64 

15th June 1{)29 0 0 · 0 · 0 25 67 28 

22nd June 1929 · 0 · 0 16 71 8 

29t4 June 1{)29 0 0 · 0 · 25 33 • 
6th J1Jly 1929 . · · · 26 .. .. 
13th July 1929 • · · · 0 2' 41 .. 
20th July 1929 • · · · · · 25 .. .. 
27th ,Jul,19=9 • · · · 1 · 64 J .. 

" 
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T.uu XLVI 

Population oj Earias lanJae Oft bhendi plant. (Hibisous esculentus) in summer 

(1928·29) 

U5 

Date No. ofpla.nts Eariaa worms 

25th April 1928 · 100 36 

3rd May 1928 · 100 81 

11th May 1928 · · · · · 100 ,. 
16th May 1928 · · 100 M 

22nd May 1928 · · · · · · · · 100 136 

2nd June 1928 · · · · · · 100 303 

6th June 1928 · · · · IOU 126 

12th June 1928 · · · · · 100 116 

19th June 1928 · · · · · 100 95 

27th JIlI1II1928 · · · · · · · 76 HI 

30th JIlI1II 1928 · · · · · · · 60 60 

4th July 1928 · · · · · · 100 33 

lOth July 1928 · · · · · · · · 100 23 

17th July 1928 · · · · · · · · 100 8 

2Srd July 1928 · · · · · · · · 200 , 
30th July 1928 · · · · · · · 200 611 · · 
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TABu XLVll 

Population oJ Earns la",a6 on 'JWOf.IU oJ .tanding cotton .tic'" tIC Sural 

(50 plante each time) 

11128-211 nABOB l11Z11-8O 'BUOB 

WeeIIl WeeIII 
No. of No. of Total lfo. of lfo.oI ToW 
buda bolla Eariall buda bolla B&riu 

-
2nd March 1929 .. 8S2 111 8th March 19S0 .. 888 II 

9th March 1929 .. 860 58 15th March 1980 .. 186 I 

16th March 1929 10 70 86 22nd March 1930 .. II I 

2Srd Me.rch 1929 86 20 8 29th March 1980 .. • .. 
80th March 1929 · 75 I II 6th AprII19S0 1. .. 1 

8th April 192\) 11113 6 14 12th April 11180 · 61 1 I 

13th April 192\) · 8111 18 27 19th April 11130 1111 I • 
loth April 1929 664 28 88 16th April 19S0 188 • 1. 

17th April 192" · · 689 811 67 8rd Mar 1980 828 10 17 

4'th Mar 1929 810 " 76 10th May 1980 895 19 11 

llt .. May 1929 · 887 116 n 17th May 1980 691 411 80 

18tll May 1929 · 864 111 8. 14th Mar 1980 · 828 88 I 

15th May 1929 181 17 16 8l1t Mar 1980 · 820 148 II · 
lit lune 1929 · · 687 64 68 



TABLE XLVIII 

Weekly flower-opening, success of weekly flowers into bolls, and shedding of bolls due to boll-worms from the ratooll crop and 
also from the new crop of cotton 

(1928-29) 

(10 plants in each case) 

fa .. .. .. fa .. ., 
~ co ,.c .. .. ., 

" ~ t-fa fa .. ,.c 
,.c ,.c 

El " 
., ,.c ,.c ,.c t- t- t> ~ t-~ " El m ,.c ,.c El El El t- oO 

'£ ,.c ,.c El co a oO oO oO oO E E ,.c 0 0 co I- El co ., co oO '" '" '" '" '" e> .., .... co 

~ 
I- 0 8 co " " " '" '" '" '" Jl .. ~ ~ Total .., " 0 " l- e> " co co co '" ~ ~ ~ 

,.c 

" 0 0 0 0 z z co co A A A ~ r: co r.-. 0 ..c:I ..c:: ..c:I Z ..c:I ..c:I ..s A A ..s '" ..s ..c:I ..c:I ..c:I r.-. ..c:I '" ..s .., .., .., 
'" 

.., .., ..., ..s <l ..c:I .., .., .., '" ..s .., .. 
'" 0 r-- .. 0 r-- '<!< '" lO "" '" 

.., 
"" '" <0 '" <0 '" <0 .... "" "" '" .... .... <>I .... ao .... "" "" lO .... .... "" ... '" .... ... -- ------ -- ---- -- ---- -- -- -- -- -- -- ---- -- -- -----

Raloon crop. 

Flower opening 48 00 .. .. .. . . 9 3 1 5 14 19 17 15 15 8 17 5 3 2 3 234 
-------------------------------------------

Bolls matured from the 1 .. .. .. .. .. 1 .. . . 1 3 3 8 4 3 3 5 3 2 2 3 42 
above flowers. 

-------------------------------------------
Boll shedding (Total) .. 74 15 2 .. 1 4 6 5 3 4 10 10 10 12 11 6 5 5 9 .. 192 

-------------------------------------------
Bolls shed due to boll- .. 70 15 2 .. 1 4 6 5 1 3 8 4 6 1 .. 2 2 3 3 .. 136 

worms. 
---------------------- ----------------~ -----

New crop of 1928-29. 

Flower opening .. .. .. .. .. . . 26 39 59 67 108 97 69 40 27 11 3 2 .. . . .. 548 
-------------------------------------------

Bolls matured from the .. .. .. .. . . .. 13 13 22 37 64 48 19 4 4 3 1 .. .. . . .. ~28 
above flowers. 

------ -------- ---- -------------------------
Boll shedding (Total) .. .. .. .. .. . . 2 13 15 30 40 31 33 38 50 36 23 6 2 1 .. 320 

-------------------------------------------
Bolls. shed due to boll- .. .. . . .. .. . . 2 10 13 24 22 12 6 6 3 3 1 .. .. . . .. 102 

worms. 
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TULB XLIX 

Popu14tion oj Earias la11l1U on the ,prouts Jrom cotton Btump. Jrf!n& tM G01Jemmef&& 
Farm anq CtlltiooWr" area h'U the .owirIg oJ'M fIetD DrOp' oj 1928-29 

Cvt.TIV4TOBI' I'IBLDI l!'DIII DIU. 

Date 

Sprout. No. of Sprout. No-of 
eDmined larvae • .,.miDecl Iarv .. 

10th May 19211 · · 76 Nil .. .. 
19th May 19211 · · · · · 76 1 .. .. 
26th May 1928 · 76 1 .. .. 
Is_June 1928 · · 100 Nil 100 I 

7t;4 June 1928 · · · · 200 1 100 1 

16th June 1928 · · 200 3 lIDO Nil 

221/."- June 1928 · 200 I 200 , 
30tb J~II 1928 · · · 200 1 200 9 

9tit July 1928 · · · , · 200 Nil 200 2 

11th July ~928 · · · · · 100 I .. .. 
2O$h Jul,1928 · · , 200 • 000 l' 

31,t July 1938 · · · • aoo 6 200 8 

l1thA~1928 · · · • · 200 S ~ 1 

16th Au~ 1928 · · · • · 200 16 .. .. 
23,d August 1928 · · · · · 200 29 .. .. 
31,t August J928 · · · · · 200 13 .. .. 
6tit S8Jltem~ J9~ · · , · 200 13 .. .. 

~~ .. --, 
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TABLB L 

Population o} Earias larvae on the SprOutll from ,he cotton stumps from the cultivators' 
area till the sowing of the new crops of 1929-30 

KOSAD ABBA PIPLOD ARBA. 

No. of No. of 
stumps No. of stumps No. of 

Date from whioh Earial Date from which Earial sprouts larvae sprouts larvae were were 
collected collected 

16th May 1929 100 11 4th May 1929 100 .. 
21st May 1929 100 .. 11th May 1929 100 2 

30th May 1929 75 1 18th May 1929 100 .. 
1st June 1929 100 8 25th May 1929 200 2 

8th June 1929 55 .. 1st June 1929 200 5 

14th June 1929 100 .. 12th June 1929 200 1 

28th June 1929 150 .. 22nd June 1929 200 .. 
6th Jqly 1929 200 1 27th June 1929 200 .. 
27th July 1929 100 .. 6th July 1929 200 3 

7th September 1929. 100 1 18th July 1929 200 2 

20th September 1929 100 .. 25th July 1929 200 1 

3rd August 1929 200 .. 
10th August 1929 200 2 

17th August 1929 150 2 

25th August 1929 100 3 

6th September 1929 100 3 

14th September 1929 50 5 

4 
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APPENDIX D 

INDIAN CENTRAL COTTON CO!.UUTTEE, 'l'ECHNOLOGICAL LABORATORY 

SPINNING TEST REPORTS 

1929-30 crop 

Spinning Test Report No. 151.-Two Samplt, of Surat 1021 .4. L. F • .oomitJ~d byt"" Cotton 
En/.om()Wgist, Surat 

Sa,mpleNo, Cotton Season Weight 

Lb. 

774 1027 A. L. F., sample A 1929-30 10 

775 1027 A. L. F., sample B 1929-30 81 

I. Grader', Report 

CAGIID PLAlIT8 COlfTBOL PL.UITB 

--
~ Semple A Sample B 

Contract valued under • · · Broach Broach. 

Class. · · · Extra superfine · · Extra superfine. 

Colour · · White • · White. 

Staple length · · · · Full 11 inch 11 inch. 

Staple strength · · Good · · · Good. 

Regularity • · · · Good . · · · Poor. 

Valued above or below contract rate · Rs. 150 on · · Rio 120 on. 

Basis . · · · · · Rs.200 · · Rio 200. 

Date of valuation · · · 11th July 1930 · 11th July 1930. 

Remarks . · · · · · .... .... 
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II. Fibre Particulars 

PERCENTAGE 

Mean group-length in eighth of an inch 

Sample A Sample B 

1. Fibre-length Distribution (Balls Sorter~ 

3 0 0'1 

4 . 1-4 1'8 

5 · H 3·6 

6 4·8 7·1 

7 8·9 17'9 

8 · · 17·2 32-1 

9 30'9 25·7 

10 . · 24·4 10·0 

11 · 7·6 0'7 

12 2-4 0 

2. Fibre-length (inch~ 

(a) By Balls Sorter 1-10 0'99 

(6) By Baer Sorter · 1-07 1-03 

3. Fibre-weight per inch (Millionth of an ounce) 0·202 0·167 

III. Spinning Test., 

1. Treatment.-These cottons were passed through the Porcupine Crighton (once only), 
Hopper, Scutcher (3 times), Card, Drawing (2 heads), Slubber, Inter, Rover, and spun 
from single hank: roving in Ring Frame No.1. 

2. Spinning Mast~'8 Repm-t-
Samp16 A.-The cotton is white; bright; perfectly clean; has a good feel; fairly 

well-ginned (seems to be 'Charkha' ginned). The staple is fine, fairly 

regular and strong. 
Sample B.-The cotton is white; perfectly clean; bright; well-ginned; has a 

good soft feel. The staple is fine, regular and strong. 

3. S;pinninq Test details and ~ts.-See table aJ?J?ended. 
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IY.&marla 

Fibre.-Sample A is 't per cent longer, but 21 per cent coarser than Bampte lJ. 
Wa8te.-Both samples gave low blow-room loeses. Their card-room loeses were about 

normal. 
Breakages.-Yam breakages in the ring frame were comparatively few in all cases. 

Yams.-Both samples give" even" 20's and" fairly even" 34's. All the yarna are 
fairly free from nep. From the yam-strength re8Ults these cottons are adjudged suitable 
for the following highest standard warp counts :-

Sa.mpleNo. Cotton 

1027 A. L. l!'. Sample A 

'175 1027 A. L. l!'. Sample B 

HightNIt .talldard warp 
count. 

33'. 

37'. 

OOflCZttsion.-The lint from the caged plants, though pOBBe88ing a somewhat longer 
staple, is decidedly coarser and rather inferior in spinning performAl106 to the lint from 
the control plants. 

Dakd t1ls 30th August 1930. 

(Sci.) A. JAMEs TURNER, 
Di,ectot, TechMWgWaZ La&waiory. 

INDIAN CENTRAL COTTON COHlllTTEE, TECIDiOLOGICAL LABORATORY 

Splnni'1!{J Test Report No. 236. Samples oj Sural Cotton ftlbmilteJ by tM Ootton PAysiolouiat, 
Surat 

Sample No. Cotton Season Or_Weight 

Lba. 

1099 Protected plants • . . . . . 1930-31 141 

1100 Unprotected plant. . . . . . 1930-31 1111 

" -" -" 
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Contract yalued under 
Class 
Colour • 
Staple length . 
Stsple strength • 
Regularity • • • . 
Value above or below contract rate 
Basis . . 
Date of valuation 
Remarks • 

I. Graikr', Repon 

Proteoted plants 

Broach . 
Extra superfine 
Creamy 
1*' . 
Good. 
Fair . 
R8. 70 on 
R8.185 . 
25th July 1931 

II. Fibre Parlicula" 

Mean group-length in eighth of an inch 

Unprotected plants 

Broach. 
Extra superfinE!. 
Creamy. 
1n-'. 
Good. 
Fair. 
Rs. 75 on. 

25th July ~~~~. I 
Rs.185. 

PBBOB!lTAOB. 

153 

Protected plants Unprotected plants 

1. Fibre-length Distribution (BaIls Sorter)-

3 1-5 0·6 
4 2·6 1-4 
5 3·3 2·8 
6 7·0 6·3 
7 15-1 13·5 
8 28-1 31-8 
9 25·8 32·9 

10 12·9 9·3 
11 3·7 1-4 

2. Fibre-length (inohl-

(al By Balls Sorter 1·01 1-02 
(b) By Baer Sorter 1-02 0'99 

3. Fibre-weight per inch (millionth of an 
ounce) 6·192 0'184 
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III. Spinning Tem 

1. Treatment.-All these cottons were paased through the Porcupine, Crighton (once 
only), Hopper, Scutcher (3 times), Card, Drawing (2 heads), Slubber, Inter, Rover, and 
Spun from single hank roving in ring frame No. 1. 

2. Spinning Master's Report-

Protected plants.-The cotton is white in colour; bright; perfectly clean; hu a 
soft silky feel; very well-ginned. The card sliver is clean; web good and 
ten flat strips weigh 9·7 grams. 

Unprotected plants.-The cotton is white in colour; bright; perfectly clean; baa 
good soft feel; well-ginned. The card sliver is clean; web even; nep
free; and of a nice tension and ten flat IItripS weigh 11·2 grams. 

3. Spinning Test Details and Results.-See table appended. 

IV. Remarks 

Fibre-Sample Nos. 1099 and 1100 are slightly longer than 1027 A. L. F. (epaced 
3' X 3': Physiological section). The fibre weight per inch of these two 88mpl~s is the 
Bame as that of 1027 A. L. F. 

Waste.-The cottons were picked in a very clean condition and gave a low blow-room 
lOBS. The card-room lOBS was normal ill each case. 

Breakages 

Yarm.-The cottons gave" even to fairly even" 30'11, but the yarns of lint from 
protected plants are slightly less even in the higher count. The yams given by the lint 
from the protected and unprotected plants are slightly neppy. From the yam-strength 
results, these cottons are adjudged suitable for the following highest warp standard counts : 

Sample No. Cotton Count' 

1099 Protected plants 33', 

1100 Unprotected plants 35'. 

Conclusions.-It is noteworthy that the lint from the unprotected plants gave yams 
which are stronger than those from the protected plants. There is very little variation 
in the spinning value of these two samples all compared with the last year's results. 

Pated.13tk 14.uqust 1931. 

(Sd.) N. AHMAD, 
Director, T«lmoT.cqU:al Laboraklrf. 
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APPENDIX m 
DESCRIPTION OF THE MULTIPLE TEMPERATURE INCUBATOR 

A device for securing different ranges of fixed temperature, higher as well as lower 
than the surrounding air, is described in the Technical Bulletin No. 38 of the Ministry 
of Agriculture, Egypt. The principle underlined in the device is, that when the two ends 
of a column of metal are maintained at two constant temperatures, various intermediate 
temperatures can be recorded at different points in the intervening space of the metal. 

We felt the necessity of an instrument which would enable us to study the life of the 
boll-worms under varying temperatures, which are experienced during the different parts 
of the season. We, therefore, utilised the suggestion from the above Bulletin and pre
pared a Multiple Temperature Incubator, the construction and the working of which has 
been described below :-

CONSTRuanON 

Copper sheets 1 inch inJ;hickness were purchased and a trough (A-B), 16 feet in length 
6 inches in height and 4 inches in breadth was prepared. One end of this trough was 
inserted into the copper tank (C), projecting 9 inches into it. The copper tank was one 
foot square. The other end projected two inches into another copper tank (D), which 
was two inches more in height than the above one (C). The whole length of the trough 
and the tank were placed in a rectangle wooden box one foot six inches in height and two 
feet four inches in width. Insulation was ~provided for the trough by placing an inch of 
layer of kapas round it and the remaining P9.rt of the box was filled in with saw dust. 
(Plate XXI). 

The trough was divided into fifteen compartments (with wooden partitions) of one fcot 
each with a separate cover for each. The covers were made up of four layers, two of 
which consisted of wooden planks i inch in thickness and the other two of asbestos and 
felt respectively. Asbestos was sandwiched between the two wooden planks and the 
felt was struck to the bottom of the lower one. Holes were bored in the covers to acccm
modate the thermometers for reading the temperature in each one of the compartments. 

WORKING 

The tank (D) is filled with water which is continuously kept boiling. The tank C at 
the other end contains ice-cold water, temperature being maintained by continuous addi
tion of ice. Thus the two ends of the trough (A. and B) are kept at constant tempera
tures. A temperat.ure gradient is thus set up between the two ends, giving different 
intermediate temperatures from one end to the other. 

It takes allout six hours to get regulated temperatures after the heating of tl:e water 
i~ started and ice is placed in the other tank. 

L 
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Absolute constant temperatures are not available but the diurnal variation in each 
of the compartment does not generally exceed four degrees Fahrenheit and is good enough 
for all purposes where greater regulation of the temperature is not nect'ssary. 

Ranges of temperature available in the twelve compartments beginning from the cold 
end are given below :- . 

Comp&rtmenta 1 2 3 " 6 6 7 8 9 10 11 12 

-- ---- -- -- -- -- ---- -- --
Ra.nge of tell1p. in F. 68 66 73 79 80 84 89 90 96 100 llO 122 

to to to to to to to to to to to to 

64 70 76 81 83 86 91 93 98 102 112 126 
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APPENDIX IV 

SPOTTED BOLL-WORMS IN KHANDESH 

A considerable amount of information, which was collected mostly during 1928 and 
1929 in Gujarat, showed that the Spotted Boll-worms did not aestivate and that they passed 
their period between two cotton-growing seasons (roughly from April to August) on the 
fresh growth from the cotton plants and their stumps in the general cotton: area, and also 
on bhendi (Hibiscus esculentlls), which was found growing in stray irrigated plots. 

As regards Khandesh, it was known that the cotton crop of that district also was 
afiected by the Spotted Boll-worms, but exact information about the incidence of this 
pest in that locality was not available, and knowledge about the means of carry-over of 
this pest in that tract, from one season to another was particularly lacking. 

In Khandesh, the cotton crop is sown in June or in July with the earliest showers of 
rain, and the crop is ready in October or November in normal years. During exceptional 
seasons, however, the crop extends up to January, if heavy late rains are received. ThUl! 
there is a span of at least six months between the two cotton crops and the summer climate 
being rigorous and tbe soil not being very highly retentive of moisture, the conditions are 
not very favourable for resprouting of cotton plants after the end of the season. It was, 
therefore, necessary to study the sources of food of this pest in that tract during the ofi 
season, and to locate the source of fresh infection to the new crop of cotton. A few obser
vations were, therefore, made from August 1929 to January 1931 in Khandesh. Mr. Nad
karny, the junior author, was in sole charge of this work. 

INCIDENCE OF SPOTTED BOLL-WORMS DURING 1929 AND 1930 

During 1929 the sowing of cotton on the Government farm at Jalgaon (East Khandesh) 
was done in the second week of June. The flower-bud formation commenced by the be
ginning of August, and it was about that time that the presence of Spotted Boll-worms 
was first noticed in the cotton fields during that season. The flower-bud formation in
creased very rapidly during the month of August and flower opening began by the last 
week of the same month. In spite of the large number of flower-buds and bolls, the popula
tion of these worms continued to be meagre in the cotton fields, till the beginning of Octo
ber, when it suddenly increased and by the second week of October as many as 84 larvae 
were recorded on 100 plants of cotton. By this time, however, the first picking of cotton 
was :t:eady and hence the cotton crop of that season practically escaped a serious 
damage. 

L2 
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TABU I 

Wukly poptilatinn oj Earias ~ 011 100 pia"" oj oottoft from Govemmem Farm 
at Jalg(J,()1l, 1929 

Flowl!l'. Larvae iD LanuiD Total Week ending date. buds Bolla flower. bolla Jaryu RIOIA.IS 
buds 

3rd August 1929 263 .. 1 .. 1 
lOth August 1929 • 564 .. 1 .. 1 
l?thAugust 1929. 990 .. 1 .. 1 
24th August 1929 • 1,312 49 2 1 I 
31&t Auguot 1929 • 1,487 149 5 1 8 
7th September 1929 1,099 270 .' 1 1 
14th September 1929 · 1,055 305 1 2 3 
21st September 1929 718 622 3 3 8 
28th September 1929 423 774 4 14 18 
5th October 1929 . · 102 734 2 69 71 
12th October 1929 30 488 6 78 84 Firlt pickina of 
19th October 1929 · .. 210 .. 42 42 ltJflIU· 
26th October 1929 · 2 100 .. 11 11 Second pickina 
2nd November 1929 .. 55 .. 'i 7 
9th November 1929 · .. 23 .. 3 I 
16th November 1929 · 9 6 .. 1 1 Third pickinc. 

It has been a practice in Khandesh to grow a few roWI of bhenai (HibiBmu UCUlef'lllU) 

along with cotton. Population of Eari4B larvae on these plants alao wal recorded by 
examining 15 plants of bhentli, collected from the cotton fields, once in a week. 

TABLB II 

Earias fJOP'llatW1I on 15 plants oj bhendi at Jalgaofl 

1929 

Weeks. No. of No. of Total No. RIDUBU Bower. buds pods of Ianae 

-
17th August 1929 · · · · · 181 36 12 
24th August 1929 · · · · · 135 82 7 
31st August 1929 · · · · 40 104 10 
7th Soptember 1929 • · · · 8 59 29 
14th September 1929 · · · · .. 55 79 
21st Soptember 1929 · · · · .. 39 51 
28th September 1929 · · · · 25 58 41 PlaDt. befaD 

todrJ up. 

i. ( _.2 _ : - -- ; 

" 
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It is seen that comparatively a very mucn larger population of EaNas larvae was 
present on 15 plants of bhendi than what was found on 100 cotton plants during the 
months of August and September. However, as soon as the bMndi plants dried up, 
the population on cotton suddenly increased, indicating thereby that the Spotted Boll
worms from bhendi plants diverted their attention to the flower-buds and bolls of cotton 
as soon as they were liberated from bhendi plants. (Plate XXII). 

The vegetative shoots of cotton are not destroyed by this pest in Khandesh because 
the flower-buds on these plants are available very early; and besides the shoots of 
neglectum cottons are thin and woody and are not therelore as inviting to these worms 
as the succulent shoots of herbacium cottons. 

During the next season both cotton and bhendi were sown at Jalgaoll in the third 
week of June. The earliest population of Earias larvae was noticed in the shoots of 
bhendi plants by the middle of July. It did not, however, increase on these plants 
during the month of September in this season, chiefly because it was controlled by heavy 
rains during the first fortnight of that month. Consequently a sudden increase of Eariaa 

- larvae on cotton plants at the end of the bhendi crop was not noticed. 

TABLB III 

Population oj Earias larvae on 15 plants oj bhendi Jrom Government Farm, Jalgoon, 
1930 

Weeks No. of pods No. of larvae RBlIUBKS 

." 

6th Ju1y1930 • · · · · · .. . . 
12th Ju1y1930 · · · · · .. 1 In shoot. 

19th Ju1y1930 · · · · .. .. 
26th July 1930 · · · .. 1 In shoot. 

2nd August 1~30 · · · · · .. 1 Do. 

9th August 1930 · · · · M 1 

16th August 1930 · · · · 61 Nil 

23rd August 1930 · · · · · 73 3 

30th August 1930 · · · · · 61 4 

6th SeptelDbv 1930 • · · · · 44 4. 

13th September 1930 · · · · 27 3 

20th SeptelDber 1930 · · · · 81 6 

27th September 1930 · · · · 19 I Ii 



The population of Spotted Boll-worms on cotton gradually increased and reached 
itt- maximum at the end of October. Due to heavy raina in the month of September 
(Table XVII of this appendix) the cotton crop of this season was delayed and thero
iore a good number of flower-buds and bolls were available on these plant. till the 
month of. January. The damage caused by the Spotted Boll-worma to these forma 
continued during all this period and hence the cotton crop of thi. year Buffered. heavier 
10s8 than the crop of the previoui season. 

TABLE IV 

Weekly population oj Earias larvae on 100 plant. oj coUon Jrom tM Gowrnment FMm 
at Jalgoon 

1930-31 

Week ending dates Total Total Larvae in Larvae in Total 
llower·buds bolls llower·buds boll. larvae 

9th August 1930 24 .. .. .. ., 
16th August 1930 . , 50 .. .. , . o. 

23rd August 1930 . 80 .. .. .. .. 
30th August 1930 . · 378 .. .. .. .. 
6th September 1930 · 367 5 .. .. .. 
13th September 1930 1,171 90 8 1 9 
20th September 1930 640 170 8 2 10 
27th September 1930 445 685 4 9 13 

4th October 1930 • 289 499 6 7 13 
11th October 1930 300 585 12 29 'I 
18th October 1930 497 458 27 38 65 
25th October 1930 213 576 21 87 108 

1st November 1930 · 205 458 29 84 113 
8th November 1930 · 199 315 19 58 77 
15th November 1930 · 336 154 20 31 51 
22nd November 1930 · 360 170 19 16 35 
29th November 1930 538 164 46 32 78 

6th December 1930 · 430 145 58 32 90 
13th December 1930 823 131 97 43 140 
20th December 1930 0 503 103 67 33 100 
27th December 1930 0 0 515 141 47 23 70 

3rd January 1931 0 · 0 456 80 7 e 13 
10th January 19:11 0 622 1'0 47 13 60 
17th January 1931 · · 800 344 69 72 141 
24th January 1931 0 · 926 338 44 31 75 
31st January 1931 · · 781 496 26 65 81 

The first picking of cotton was delayed till the end of October and the last was 
finished by the middle of December. 

" 
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These observations show that the population of the Spotted Boll-worms in Khandesh 
first appears on the monsoon crop of bken:li and it rapidly increases on these plants during 
the months of August and September, if it is not checked by rains. As soon as the 
blIendi plants finish their lifc, r.Il the moths concentrate on the cotton plants and damage 
the crop until it is over. This crop escapes a severe damage if it matures quickly before 
the pest increases on it. The pickings of cotton in Khandesh usually begin sometime 
during October or November and the last picking is over before the end of December 
but in some years it is delayed till the month of February. 

TABLE V 

Dates of picking kapas on GotJe1'nment Farm at Jalgaon 

Year Dates of first Dates of second Dates of third 
picking picking picking 

1921 29th October . 23rd November 16th December. 

1922 3rd November 16th December 9th February. 

1923 18th November 13th December 6th January. 

1924 20th October . 20th Nonmber 26th December. 

1925 23rd October . 6tb November Ilth D~comber. 

1926 4th November 9th December 2nd January. 

1927 21st Ootober . 18th November 16th January. 

1928 5th November 19th November .. 
1929 II th Ootober . 25th October . 15th November. 

ESTIMATE OF DAMAGE TO THE COTTON CROP 

Fifty cotton plant.s were kept under ohservation both during 1929 and 1930 for 
recording the flower opening and for examining the shed bolls. 

TABLE VI 
Flol/'cr opcning alld shedding of bolls from 50 plants at Jalgaoll d!lritfg 1929 and 1930 

Total Bolls shed Percentsge bolls 
Yoar Bowers Total bolls shed due to shed due to 

opened boll·worms boll-worms 

1929 651 353 54 15·3 

1\130 Ii:! 1 277 147 53·0 
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It was found that in 1929 only about 15 per cent of the shed bolla showed injury 
caused by the Spotted Boll-worms, whereas during 1930 fifty-three per cent of the shed 
bolla indicated boll-worm damage (Plate XXIII). 

In addition to these observations, 100 plants of cotton were grown by night-caging 
at Jalgaon during 1930. The caging work at Jalgaon was found to be rather difficult 
because the plants had to be spaced very close according to the local method and there 
could not be sufficient room between the plants and the curtains. It wall particularly 
difficult to keep oft the Pink Boll-worm moths, which remained hidden by the side of 
clods or in partially opened bolls and laid their eggs on the caged plants. 

TABLB VII 

Yield oJkapasJrom the oaged plants and their controls at Jalgaon',. 1930 

(In each case total figures from 100 plants are given) 

Da.maged 1:aptJI in tolaa ,. 
- Good 1:aptJI • '.rota.l1:aptJI 

intolaa Due to Dileto other intolaa 

boll·worm. 0&.11181 

Caged plants . . . · 8407 10-& 1-4 98·7 

Control plants (group No.1) . · . 62-6 11-6 2.0 78'0 

Control plants (group No.2) · . 63-'7 10·7 1.0 76-6 

The caged plants yielded about 26 per cent more kapas than the control plante, 
and probably this diflerence would have been greater if the developed bolla could have 
been eflectively saved from damage by Pink Boll-worms. 

SPOTTED BOLL-WORMS DURING THB OFP-SEA.80lf 

The cotton crop during 1929 was over at Jalgaon by the middle of November. After 
this the cotton plants began to put up fresh flower-buds and bolla, and therefore a plot 
of about tengunthas was reserved on the Jalgaon Farm for noting the Eanal population. 
One hundred fresh shoots were collected eve-q week for examination. 

... 
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TABLB VIII 

Population of EariasZnrvll8 from 100 shoots of cotton collected from the Jalgnonfarm after 
the pickings were over 

1929-30 

Weeks Flower-buds Bolls Total Earia8 
iarv&e 

23rd November 1929. · · 239 54 22 

30th November 1929 329 62 56 

7th December 1929 • 359 97 77 

14th Deoember 1929 · 497 101 83 

21st December 1929 · · · 676 92 72 

28th December 1929 ; 386 49 34 

4th J&nuary 1930 · 260 38 22 

11th J&nuary 1930 260 66 20 

18th J&nuary 1930 283 62 21 

26th J&nuary 1930 · 198 60 12 

1st February 1930 · · · · · 211 66 20 

8th February 1930 · · · 262 67 35 

16th February 1930 • · 220 67 16 

22nd February 1930 · · · 169 61 9 

1st March 1930 · · · · 174 100 6 

" 
8th Maroh 1930 · · · 123 96 10 

16th Maroh 1930 · · 197 116 14 

22nd Maroh 1930 · · 161 111 10 

29th March 1930 · · 170 85 10 

Spotted Boll-worms continued to breed in this plot till the end of March; but the 
general cotton area in the District was almost completely cleared up by the end of Janu
ary, as can be seen hom the information collected regarding the standing cotton plots 
from two villages near Jalgaon. The total area under osbervation was 150 acres at 

Mamrabad and 130 acres at Asoda. 

" 
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TABLE IX 

ApprOl;imate estimate of the area of the Btanding coUon plot, at Ma".,abad and A,oda aft" 
the harvest of coUon crop of 1929 

Dates of observation 
Area with ltandiDl Area with .tandin, 

cotton .talke at cotton Italke 
Mamrabad at Aaoda 

8th December 1929 110 76 

4th January 1930 40 40 

11th January 1930 • 2 

24th January 1930 . 0·6 Nil 

1st February 1930 . 0·26 XiI 

This must be considered to be a very early cleaning of the cotton fields, because in 
certain seasons the pickings of kapaa continue till the end of January and con!lequently 
the removal of the cotton stalks continues for a couple of monthll more. It ill unlikely, 
however, to find standing cotton fields in Khandesh after the month of March nen if 
the season is late. 

The cotton plants in Khandesh are removed by repeatedly working the blade harrow 
across the fields. Most of the plants come out with the rootll and a few stump8 that 
remain in the soil do not sprout up. The fresh growth from stumps which i, 110 common 
in Guja..rat is practically absent in Khandesh. 

HiqisCUB rugo8US, Hibi8Ctla jiculneous, HifnsctU mani/wt and plants of Abulilo,. sp. 
are chiefly the wild food plants of EaritlB in Khandesh ; but none of them can be !leen in 
green condition ,in the general cotton areas after the month of December. It 11'8.11 only 
at Kusumba in West Khandesh that a large number of I)lants of Altutiloft sp. were found 
growing during summer in the irrigated plots. 

Earias larvae, therefore cannot get any food in the general cotton fields in KhandeHh 
after the month of March. There is, however, a large number of wells in several villag". 
and there are small irrigated plots round many of these wells, which can Bupply water 
during the summer. It is in these plots that some of the food plants of Eona, can thrive 
during summer. 

There are about 12,165 acres in West Khandesh and 18,973 acres in East Khandesh 
which are irrigated by water from wells. As an instance we might state that 33 out of 
-Ill villages of Jalgaon Taluka have more than 10 wells t'ach, which supply water for 
irrigation, and of these there are 4 villages which have each more than 100 lIuch wellll. 
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It was decided to keep some of these plots under observation for recording the 
presence of the food plants of the Spotted Boll-worms in 'these plots. Three representa
tive villages, tnz. Nagardevala, Kusumba and Nimbhora, were, therefore, selected in 
addition to Jalgaon, for this purpose. 

Some of the food plants, which were found in these plots and which could supply 
food to the Earias larvae during the period between the two cotton-growing seasons, 
were the following :-

(1) Abutilon sp. (2) Standing cotton plants of the previous season. (3) Bhendi 
(Hibiscus esculentus) plants. 

Abutilon sp. 

This is the only weed, which sometimes continues to thrive during the summer 
months, in the irrigated plots in Khandesh. It is not, however, very common and 
it was seen in large numbers in the gardens at Kusumba only. 

TABLE X 

Pods from plants of Abutilon sp.from Kusumba 

Month of examination No. of green No. of Earias 
REMARKS capsules larvae 

January 200 44 Most of the larvae from 
these capsules beloDgl'd 

1<'ebruary 150 33 to the species, Earias 
in.8ukina. 

March. 90 14 

April 30 13 

May . · .. 1 
(in Hower·bud). 

June . · . . 15 1 

July · · 12 .. 
August · · . 100 2 

(2) STANDING COTTON PLANTS 

The general cotton area is completely Iree from liVIng cotton plants within a couple 
of months after the harvest of kapaa. A few of these plants, however, could be found 
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growing along the borders lionel hedges of the irrigated plota in aeveral plaoea. and Haria; 
larvae could be traced in flower-buds and bolla collected from these plante. 

TABU XI 

Earias larvae on flower-buds and bolls collecteii from cotton pia"" growing in irrigate-l plot. 

Nagardevala Kusumba Nimbhora 

Month of examination Total Total Total 
f1ower- Barta. flower- Barta. flower- Barta. 

budaand larva. budaand larvae budaand lame 
bolle bon. bolla 

January - - - (U4. 83 200 27 211 38 

February · · · · 85 15 163 17 81' 2J 

Maroh · · · · 196 27 1M 8 258 18 

April. · · · · 116 !l6 .. .. 80 .. 
May _ · · · · 4.6 Nil ForDllIUK • .,ailabls her_ftc. 

-

Jans". · · · · 39 4. .. .. .. .. 
July • · · · · 4.l .. .. .. .. .. 
Aagaet · · · · 2.000 1 .. .. " . .. 

These forms were available at all the places till the end of March but it W&II only 
at Nagardevala that they could be collected till the commencement of the next crop. 

The monsoon crop of bAendi is over by the month of October or November. A. few 
stray planta of this crop. however. continue to grow in the irrigated plota. KG,," 
larvae can be collected from them till February. 
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TABLE XII 

Earias lartJae in bhendi pods Jrom the remnant oj the monsoon crop oj bhendi 

JALGAON NAGARDEVALA 

Month 
Pods Earia8 Pods Ea~ 

examined larvae examined larvae 

Janurory 1930 • 10 9 20 20 

February 1930 44 14 4 4 

A. second crop of bhendi is generally sown in March or April in the irrigated plots in 
several villages, and these plants are helpful for supplying food to the Spotted Boll
worms after March till the monsoon. 

TABLE XIII 

Earias lartJae in bhendi pods Jrom the BUmmer crop 1930 

JALGAON NAGARDEVALA KUBUllBA NDIlIHORA 

Month of examina-
tion 

Pods larvae Pods Larvae Pods Larvae Pods Larvae 

------------ --_. 

March - · · 88 15 .. .. .. . . .. .. 
April · · · 83 68 38 21 25 28 .. .. 
May · · 73 56 26 15 .. 2- .. ., 

June. · · · 22 14 25 15 .. 3* 10 2 

July. · · · ., .. 25 22 15 1 30 2 

• In shoots. 

The pods from the plots mentioned above are available in the local market a£tet 
t\l.e 1Di<lqIe of May- ~<l iaria81~rvae can often be collected fro~ them, 
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TABLJ& XIV 

Earias larvae in bhendi pods,8600red from the Jalgaon market from the Ioc4l crop of 
bhendi, 1930 

Weeks No.ofpoda Eana. Iarv •• 

22nd May 1930 66 II 

30th May 1930 82 8 

7th June 1930 116 I 

15th June 1930 . 611 II 

21st June 1930 . . 113 3 

30th June 1930 411 13 

7th July 1930 37 II 

14th July 1930 59 2 

21st July 1930 42 .. 
28th July 1930 46 3 

2nd August 1930 71 2 

Before this local supply of pods is available they are imported in Jalgaon market 
from Nasik district, during the months of April and May. 

TABLE XV 

Earias larvae from market pod8 of bhendi from N a8i" di8trict 

Dates No. of pods No. of Karia. 
larvae 

14th April 1930 41 27 

16th April 1930 52 33 

26th April 1930 24 12 

11th May 1930 32 10 

17th May 1930 85 22 
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POSSIBILITIES OF AESTIVATION OJ!' THE SPOTTED BOLL-WORMS IN KluNDE8H 

There has been already enough evidence to show that in Khandesh also the Spotted 
Boll-worms are active throughout the year and their larvae can be collected from the 
irrigated pIotR even during the summer months. We wanted, however, to clear up the 
question about the likelihood of their aestivating in the cotton areas of Khandesh, as 
pupae in the soil or resting as moths. Small blocks of cotton area were, therefore, 
selected, when the cotton plants were removed after the harvest of kapas, and the soil 
from them was thoroughly examined to a depth of three to five feet (according to the 
depth of the cracks) in order to locate the pupae in the soil. 

TABU XVI 

Results oJ soil examination Jor searching out Earias pupae 

Time of soil examination Area examined Cocoons found Live pupae in square feet 

Two days after the plants were removed 15xl0 32 nil 
!!!! days after the plants were removed 15x5 66 nil 
30 days after the plants were removed 15xl0 23 nil 
45 days after the plants were rem ()ved 10xi0 11 nil 

Bait pans with cotton and sesamum cakes, which usually attracted a large number 
of Banas moths (Appendix I, Tables X, XI, XXI and XXII) were continuously 
exposed in the cotton areas at Jalgaon, during summer after the cotton plants were 
removed. Not a single moth, however, co.uld be collected from these pans during the 
period mentioned aoove. 

In Khandesh also, therefore, we could not get any indications about the possibility 
of aestivation of the Spotted Boll-worms, during the period between two cotton-growing 
seasons. 

SUMMARY 

The cotton crop in Khandesh escapes serious damage from the Spotted Boll-worms 
if it matures very early, before this pest gets an opportunity to increase in numbers. 
However, it cannot be considered to be a minor pest in years when the crop is delayed. 
In such seal'ons an increase of about 25 per cent in the yield of kapas might be expected 
if this pest can be controlled. 

No indications were obtained of the possibilities ot aestivation of this pest 
in Khandesh; and it was found to be active throughout the year. 

The cotton areas are cleared up before the end of March and the stumps of cotton 
do not sprout, as they do in Gujarat; there is, therefore, no food available for these 
larvae in the general cotton areas. 

Irrigated plots around the wells are found to be chiefly responsible for helping the 
carry-over of these insects from season to season, and the presence of bhendi plants in 
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these plots during the months of April, May and lune appear to be most harmful, thougb 
stray plants of ootton and Abutilo" weeds are also found to harbour Eono" larvae in 
these plots to a certain extent. (Plate XXIV). . 

It appears that Spotted Boll-worms will no longer be a troubleaome pest in Khandeeh 
if the irrigated plots are kept free from plants, which dord food to these inseots during 
the interval between two cotton-growing seasons. 

It would be rather difficult to dissuade the cultivlitors from growing bAeftdi in these 
plots in summer, because it is considered to be a profitable crop. 

Measures will also be necessary to prevent the importation of blwlooi pods from other 
Districts to avoid fresb infection. 

A few trials were made at lalgaon, during 1930, of using bAeftdi as a trap crop. The 
results have been discussed in pages 45-48. 

TABLB xvn 
Weekly roinfoU'" Jolg(JOfl. (Reoordafrom GOtImImeN Form) 

R~ULL IJIIJICBU 

Monthe 
Week, 1929 1930 

. { first · · 0-90 .. 
IeOOnd · .. 0'45 

June . · · · · · HJ third · 8·23 
fourth J·M 1-6J 

.{ first J·1l9 HO 
l800nd · J'03 .. 

July . · · · · · 1-68 third · 0'1S8 
fourth 0·18 0·/S3 

.{ first · 0·60 8-62 
8800nd 0·13 0·34 

AugUit. · · · · · third · .. .. 
fourth · · 0·66 0·35 

.{ first · 0·36 1-79 
l800nd · · .. lIS·92 

September · · · · · 0·90 0·11 third · fourth · · 0·31 .. 

. { first · · 0·86 .. 
l800nd · · .. .. 

Ootobor · · · · · third .. .. 
fourth · · .. 0·18 

TI)T&L . .. 18-74 36·31 

, z ."-- - _5 _ ... 0 __ .5.$ £S S Z .- S L 
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APPENDIX V 

PHYOITA INFUSELLA MmR. (COTTON SHOOT-ROLLER) AT SURAT 

This is another pest which is well established on cotton in South Gujarat. It 
appeared at Surat every year during the course of about eight years of the investigations 
on Spotted Boll-worms. A certain amount of information was incidentally collected 
about this pest. 

The caterpillars of the cotton shoot-roller bind together the tender leaves of the cotton 
shoots and destroy the tiny growing buds. A part of one of the leaves is rollcd up and 
the larva hides itself inside that. As a result of the damage of this pest, the further 
growth of the shoots is arrested. Periodical observations during 1925-26 showed that 
62 per cent of the shoots of the main stems were damaged by these larvae. 

POPULATION OF Phycita LARVAE ON COTTON CROP 

The incidence of this pest at Surat during four years commencing from 1927-28 can 
be seen from tables II to V of this Appendix. The attack of these larvae on the cotton 
plants begins when the seedlings are from 4 to 6 inches in height. Their population 
generally increases till the end of October or the beginning of November, when it begins 
to decline until it completely disappears from the cotton plants, or becomes almost 
insignificant, in March. 

HIBERNATION 

Of the four tables mentioned above, tables II and III show the classification of the 
larvae into three arbitrary classes, viz., small, medium and big. This classification will 
show that during 1928, after the end of December, small-sized larvae could not be found, 
and again during 1929, the population of the small-sized larvae declined appreciably 
from the middle of November; so that after the middle of December, most of the larvae 
collected were of the big size. This indicated that these larvae hibernate either in Novem
ber or December, and thereafter fresh oviposition practically ceases. These caterpillars 
roll up one or two leaves, which dry up, and the resting stage is passed in these leaves. 
As the season advances, these dry leaves drop away from the plants, along with the 
resting larvl1oe, and therefore their number on the plants declines until they can no longer 
be found on the cotton plants during February and March. From the beginning of 
April fresh small-sized larvae begin to appear again on the cotton plants, and this, 
therefore, seems to be their time for coming out from hibemation. 

Phycita LARVAE ON STANDING COTTON PLANTS AFTER HARVEST 

By the time the pickings of lcapas are over, the plants begin to put up fresh growt,h. 
lt is therefore these new shoots which &.fe attacked by these larvae when they reappear , .. , 

JI 
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in the cotton fields. Table I win show that the population of these larvae on the 
standing cotton sticks increases very rapidly during April, May and June. 

Phyaita LARVAE ON SPROUTS FROM STUMPS 

Periodical examination of the fresh shoots growing from the stumps of the cotton 
plants, which are usually removed by hacking with a light pick-axe, showed that PJ.ycita 
larvae could easily be collected from these sprouts during May, June, July and August 
in 1928 and 1929. (Table I at the end of this appendix.) 

It is thus seen that the caterpillars of Phycita inJU86lla Meyr. feed on the shoot. of 
the cotton plants from August till November or December, when they enter into a resting 
stage. They emerge from this stage at the commencement of April and sprouts from 
standing cotton plants and stumps constitute their source of food from April till the 
seedlings of the next crop are ready for their attack. 

It appears that the large carry-over of this pest to the next crop can effectively be 
stopped if the cotton plants are uprootted immediately after the pickings are over, 10 

that there are no standing cotton plants or their stumps to provide food for these worma. 
The clean-up measures against the Spotted Boll-worms (discussed on pages 91 and 92) 
are, therefore, very likely to be beneficial from the point of view of controlling this 
pest also. 

TABLB I 

Oottofl'Mot-roZZe" (Phycita infusella Meyr.) on .protdB Jrom atump. oj ooUon, Sural, 
1928-29 

Sprout. from 
No. of Ia"&e Da.te of exa.mina.tiOIl No. of 

.tump. 

lOth Ma.y 1928 75 8 

19th Ma.y 1928 75 19 

25th Ma.y 1928 7li 75 

1st June 1928 100 6 

7th June 1928 200 57 

15th June 1928 200 22 

22nd June 1928 200 33 

30th June 1928 200 49 

.... 
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TABLE I-contd. 

~on shoot· rollers (Phycita infu~ella Meyr.) on sprouts from stumps oj cotton, Surgt, 
1928-29-contd. 

vate of examination 
Sprouts from I No. of No. of larvae 

stumps 

9th July 1928 · · 200 17 

20th July 1928 · · 200 8 

31st JUly 1928 200 5 

11th August 1928 · 200 10 

15th August 1928 · 200 23 

23rd August 1928 · 200 69 

31st August 1928 · 200 53 

-

4th May 1929 · · · · · · 100 6 

11th May 1929 · · · 100 10 

18th May 1929 · · · 100 15 

25th May 1929 · · 200 17 · · 
1st June 1929 · · · · · 200 32 

12th June 1929 · · 200 26 · · · 
22nd June 1929 200 4 · · 
27th June 1929 · 200 8 · · 
6th July 1929 , 200 5 

18th July 1929 200 '2 · · 
25th July 1929 · 200 7 · · · 
3rd August 1929 • 200 19 · · · · 
10th August 1929 · 200 24 · · · 
17th August 1929 · 150 16 

· · · 
25th August 1929 · 100 i2 
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TULB II 

Larval population oj Phyoita infusella Meyr. Oft coUOfl plant. cal Bural in 19Z7-28 

Week ending date. No_ of No. of 
Week ending date. No. of No_ of 

plante larvae plante larvae 

1 2 3 1 J a 

17th September 1927 · 25 9 3rd March 1928 · · 25 .j, 
24th September 1927 · 25 15 10th March 1928 · · 26 1 
1st October 1927 · 25 41 17th March 1928 · · 26 1 

8th October 1927 · 25 26 24th March 1928 · · 25 . ., 
15th October 1927 · 25 53 3lat March 1928 · · 60 10 

22nd October 1927 · 25 62 7th AprU 1928 · · 60 17 

20th October 1927 • · 25 65 14th AprU 1928 · · 60 18 

5th November 1927 · 25 56 2lat AprU 1928 · · 60 81 

12th November 1927 · 25 67 28th AprU 1928 · · 60 16 

10th November 1927 · 21i 64 5th May 1928 · · 60 27 

26th November 1927 · 25 58 12th May 1928 · · 60 83 

Srd December 1927 · 25 28 19th May 1928 · · 60 82 

10th December 1927 · 25 27 26th May 1928 · · 50 .. 
17th Deoember 1927 · 25 28 2nd June 1928 · · 60 M 

24th December 1927 · 25 25 9th J llIle 1928 · · 60 102 

31st December 1927 · 25 25 16th JIlD8 1928 · · 60 142 

7th January 1928 • · 25 20 23rd June 1928 · · 60 127 

14th January 1928 • · 25 14 30th JUDe 1928 · · 60 go 

21st January 1928 • · 25 9 7th July 1928 · · 60 129 

28th January 1928 • · 25 10 14th July 1928 · · 60 78 

4th February 1928 · 21i 12 21st July 1928 · · 60 70 

11th February 1928 · 25 0 28th July 1928 · · 60 68 

18th February 1928 
· I 

25 .. 4th August 1928 · · 60 86 

25th February 1928 '1 26 1 11th August 1928 · · 60 26 
. , I I .1 • 
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TABLE III 

larval popu7ation of Phycitl;' infusella Megr. on cotton plants, with classification of the 
81,zes of larvae, at Surat, 1928-29 

SIZES 01' LARVAE 
-

Week ending dates No. of Total 
plants Small Medium Big larvae 

1 2 3 4 5 6 

28th July 1928 . 1,350 0 I 0 1 

4 th August 1928 . 1,000 .. .. ., . . 
lIth August 1928 • 1,000 3 6 1 10 

18th August 1928 • · 1,000 6 16 4 26 

25th August 1928 • 750 7 10 13 30 

1st September 1928 · 750 II 23 29 63 

8th September 1928 250 2 8 4 I" 
15th September 1928 · · 125 1 4 5 10 

22nd September 1928 · · Plants not examined. 

29th September 1928 100 7 12 3 22 

6th October 1928 · 50 5 8 3 16 

13th October 1928 · 25 5 7 2 U 

20th Ootober 1928 · · 25 5 3 2 10 

27th Ootober 1928 · · 25 6 5 1 12 

3rd November 1928 · · · 25 7 11 1 II 

10th November 1928 · · · · 25 ;I 10 1 1" 

17th November 1928 · · · 25 4 7 2 IS 

24th November 1928 · · · 25 3 6 4 IS · 
1st December 1928 · · · · 25 Sizes not noted 3 

8th Deoember 1928 · 25 Sizes not noted 4 · · · 
15th December 1928 · 25 1 1 6 8 · · · 
22nd December 1928 : I 

25 1 1 3 II · · 
29th December 1928 25 1 3 1 5 · · · 
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TABLB lII---oontd 

!-aroal population oj Phyoita. infll8ella. Meyr. on cotton plant. witA clalli/icalion oJ 'he litu 
oj laroae, aI Sural, 1928-29-contd 

Slzu ow u.vu 

Weekending dates No. of Total 
pl&ntl Small Medium Big larv .. 

1 2 8 , 15 8 

5th January 1929 · · · · 25 .. 1 , 15 

12th January 1929 · .. · 25 .. 1 1 II 

19th January 1929 25 .. 1 J I 

26th January 1929 25 .. 1 .. 1 

2nd February 1929 25 .. ... J J 

9th February 1929 25 .. .. 1 1 

16th February 1929 · 25 .. .. 1 1 

23rd February 1929 · · · :<15 .. .. .. .. 
2nd Maroh 1929 · · · · · 25 .. ... .. .. 
9th Maroh 1929 · · 25 .. .. .. .. 
16th Maroh 1929 · · 25 .. ... .. .. 
23rd Maroh 11129 · 25 .. ... .. .. 
30th Maroh 1929 · · · · 50 .. ... .. .. 

Cotton pioking. ware over. 

6th April 1929 50 5 1 8 

13th April 1929 - 50 .. .. 1 9 

20th April 1929 50 4. 1 1 8 

27th April 1929 50 lQ II 1 18 

2nd May 1929 50 27. 11 3S 

9th May 1929 50 21i 17 10 61 

16th May 1929 50 18 21 14 63 

23rd May 19'.l9 110 IS 11 18 42 

30th May 1929 50 28 13 19 60 
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TABLB IV 

Larval population of Phycita. infusella. Meyr. on cotton plants at Surat 

1929-30 

SIZES 011' LARVAE 

No. of 
Total 

Week ending dates plants I 
larvae 

examined Small Medium Big 

1 2 3 4 5 6 

.-

3rd August 1929 . 1,300 .. .. .. .. 
10tbAugust 1929 · "' 887 14 4 .. 18 

17th August 1929 1,162 7 9 7 23 

24th August 1929 . 396 4 4 7 15 

31st August 1929 . 860 9 7 8 24 

7th September 1929 . 750 2 2 4 8 

14th September 1929 000 14 4 7 25 

21st September 1929 - 250 8 6 4 18 

28th September 1929 · . 125 19 10 17 46 

2nd Ootober 1929. · 50 9 12 8 29 

11th Ootober 1929 . 25 22 9 6 37 

16th Ootober 1929 · 25 38 26 12 76 

23rd Ootober 1929 .. 25 50 35 10 95 

30th Ootober 1929 25 54 38 19 111 

8th November 1929 25 52 49, 37 138 

14th November 1929 25 24 48 60 136 

21st November 1929 25 6 36 67 109 

28th November 1929 25 3 25 75 103 

5th December 1929 25 f· 15 52 68 

12th Deoember i929 I 
25 .. 5 57 62 
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Lar1XJl populatiott oj Phycita infusella Meyr. Oft cotto,. pIG,," cal Suf'Cll-4)ontd 

SIUI or UIlvn. 
Week ending dates No. of Total 

plan .. Iarne 
ur.miDed Small Medium Big 

1 I 8 , 6 e 

19th Decemb8l' 1929 · · · · 211 1 .. 'I U 

26th Deoembar 1929 · · · · Iii .. .. 82 82 

Ind January 1930 · · · · III .. .. 811 811 

11th January 1930 · · · · Iii 1 .. l' 16 

16th January 1930 · · · · 211 .. .. T 7 

13rd January 1930 · · · · 211 .. .. , , 
30th January 1930 · · · · 21i .. .. I I 

6th February 1930 · · · · 211 .. .. I I 

13th February 1930 · · · · 211 .. .. .. .. 
20th February 1930 · · · · 211 .. .. .. .. 
27th February 1930 · · · · 21i .. .. . . .. 
6th Maroh 1930 . · · · Iii .. .. .. .. 
13th March 1930 • · · · · 211 . . .. .. . . 
20th Yaroh 1930 • · · · · 26 .. .. . . . . 
27th Maroh 1930 • · · · · 211 .. .. .. . . 

Cotton plokinga war_ over. 

lith April 1930 60 1 1 

11 th April 1930 . 60 I I 

16th April 1930 . 60 II 1 1 , 
, 
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TABLE V 

Larval population of Phycita. infusella. on cotton plants at S "rat 

1930-31 

Weeks of examination No. of plants 
examined 

13th August 1930 1,000 

21st August 1930 1,000 

26th August 1930 1,000 

3rd September 1930 600 

11th September 1930 200 

18th September 1930 100 

25th September 1930 50 

3rd October 1930 25 

lOth October 1930 25 

17th October 1930 25 

24th October 1930 25 . 

31st Octo,ber 1930 25 

7th November 1930 25 

14th November 1930 25 

21st November 1930 25 

28th November 1930 25 

5th December 1930 25 

12th December 1930 25 

19th December 1930 25 

26th December 1930 25 

2nd Janua.ry 1931 
25 

9th Janua.ry 1931 
25 

16th Janua.ry 1931 
25 

23rd Janua.ry 1931 
25 

30th Janua.ry 1931 o· 01 25 

i79 

Total i&rvae 

10 

21 

12 

9 

3 

11 

10 

11 

28 

10 

14 

9 

6 

8 , 
2 

5 

5 

3 

S 

3 

1 
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APPENDIX VI. 

PINK BOLL-WORM (PLATYEDIU GOSSYPIELLA SAUND.) IN SOUTH 
GUJARAT 

During the period of investigation on the Spotted Boll-worms at Surat, it was posmble 
to make a few observations about the Pink Boll-worm also. 

Twenty-five cotton plants were examined every week during tho cotton-growing 
season, for recording the population of the Spotted Boll-worms (page No. 26). When 
these plants were examined, records of the Pink Boll-worm larvae were maintained. 
The results of these observations, made at Surat for seven years from 1924 to 1931, are 
included in Tables VII to XIII of this appendix. Table XIV shows the population of 
the Pink Boll-worm larvae during 1927-28 ou the cotton crop on the Government Farm 
at Broach. . 

It will be seen from these tables that Pink Boll-worm is & well established pest in 
South Gujarat and that its earliest presence in the cotton fields can be noticed during 
October. There are no bolla on the cotton plants at that time, and hence their earliest 
appearance happens to be in flower-buds. In one case, a Pink Boll-worm larva was 
found in the vegetative shoot of the cotton plant. This was, however, an exceptional 
case. Though there are some instances of the presence of these larvae on the cotton 
plants during October, their number does not increase rapidly until well developed 
bolls are available on the cotton plants during December or January. 

The figures further indicate that Pink Boll-worm cannot be normally conmdered 
to be a very serious pest in South Gujarat. This will probably be more clearly seen 
from statement No. XV of this appendix, which gives the number of green bolls examin
ed every week from 25 cotton plants, and the number of Pink Boll-worm larvae calculat
ed for 100 green bolla. 

In four out of seven years, the population practically never increased to a level of 
even 10 larvae for every 100 green bolla. It was only during 1927-28 and 1928-29 it 
rose to about 25 larvae per 100 bolls, and the damage due to this pest to the cotton crop 
at Surat in 1928-29 might be considered to be the highest during all these years. 

The population of the Spotted Boll-worms declines to a very low level by the end of 
December or the beginning of January, and it is about this time that the Pink BoH
worm larvae increase in numbers. This happens to be the period of the development 
of bolls, and hence the boll-worm damage which can be seen in the open bolls at Burat 
can almost completely be attriQuted. to the I.'ink Boll-worms. In order to estimate 
this damage to the grown-up bolls more thau 100 plants were kept under observation 
during 1928-29, 1929-30 and 19ao:.31. . , 

At the time of collecting the kapaa, all the' bolls were carefully examined, and the 
kapas b:om sound and damaged locks was collected separately. The number of damaged 
and useless locks was also recorded. 
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TABLE I 

Proportion oj locks damaged by boll-worms, otlt oj the total locks collected per plant during 
the above three years at Surat 

Damaged Useless Total Percent. 
No. of Total No. No. of locks locks locks age of 

Year plants of locke sound showing showing with locks 
observed picked looks boll.worm boll.worm boll.worm with 

injury injury injury boll.worm 
injury 

1928.29 104 202 144 38 7 45 22 

1929·30 112 171 156 9 3 12 7 

1930·31 116 212 191 18 2 20 9 

TABLE II 

Proportion oj kapas from damaged locks out of the total saleable kapas, p6" plant, during 
the above three years at Surat ' 

Kapasfrom 
Total Kapasfrom locks Percentage 

Year No. of plants saleable sound damaged of 
observed kapas in locks by boll· damaged 

grms. ingrms. worm in kapaa 
grms. 

1928·29 104 130·6 105·5 25·1 19 

1929·30 112 113·2 107·9 5·3 5 

1930·31 . . . . 116 150·1 140·7 9·4 6 

From these statements it can be seen that during 1928-29, which appeared to be 
the worst Pink Boll-worm season at Swat, a fifth of the kapas came from the damaged 
locks. During the other two years the proportion of damaged kapas was only 5 and 
6 per cent respectively. ' 

RESTING STAG~ OF .PINK, BOLL-WORM LARVAE 

In the Punjab as well as in Egypt, the caterpillars gf Pink Boll-worm pass the winter 
in hibernation [Bindra 1928 and Gough 1919]' In the, Punjab the larvae enter into the 
resting stage'during the montlls of October, November and December. These larvae 
are known as' the long-cycle 'larvae, to differentiate them from the' short-cycle larvae 
which pupate as soon as they are fully fed, and emerge as moths after a normal period 
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of pupation. The emergence from the long-cycle larvae commences by the beginning 
of April. In South Gu]arat, however, the period of boll development generally faUa 
in the months of December anli January, which are the coldest months; and it is during 
these months that the population of the caterpillars of Pink Boll-worm increases rapidly. 
In order, therefore, to ascertain the presence or absence of the long-cycle larvae in South 
Gujarat, observations were undertaken on (1) green bolls, (2) the bolls rejected on the 
cotton sticks after harvest and (3) the kapaa and seed. 

OBSERVATIONS ON GREEN BOLLS 

In the first week of January 1926 (about 4 weeks before the 1st picking of kapGI), 
800 fully developed green bolls were collected at random, and were allowed to dry in 
open cages; because, if kept in closed jars, they began to rot within a ahort time. They 
were afterwards kept in 3 receptacles for noting the emergence of moths. Before the 
middle of March, 30 Pink Boll-worm moths emerged from these bolls, and then there 
was no emergence till the middle of April. 

During the last fortnight of April, all these bolls were carefully examined and 63 
caterpillars of Pink Boll-worm were found in them as mentioned below :-

30 larvae were found in flimsy lint cocoons. 
25 larvae were found in single seeds. 
7 larvae were found in double seeds. 
1 larva was found free in the cage. 

63 Total. 
Another lot of 600 grown-up green bolls was collected on the 4th January 1926 and 

these bolls, after drying, were kept in earthen pots, which were covered with thin muslin 
cloth on the 4th February 1926. Emergence of moths from these bolls was recorded. 

Time of emergence 

Before the 15th of March 1926 • 

In July 1926 • 

In August 1926 

In September 1926 • 

In Ootober 1926 

In November 1926 • 

rn December 1926 • 

In January 1927 

TABLE ill 

No. of Pink BoD·worm motu 

29 

27 , 
a 
I 

I 
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These observations in 1926 showed that long-cycle larvae did exist in South Gujarat 
also. 

During the next season, 1,300 fully developed green bolls were collected when the 
second picking was in progress. They were kept in four cages, after drying, on the 
29th of April 1927 for noting the emergence of the Pink Boll-worm moths from them. 

Month of emergence 

May 1927 

June 1927 

July 1927 

August 1927 

September 1927 

Ootober 1927 • 

TABLE IV 

No. of Pink Boll-worm moths 

29 

43 

259 

84 

3 

1 

Another lot of 300 fully grown green bolls was collected on 8th April 1927, and was 
kept under observation as in the above case till the 21st July 1927, when all the bolls 
were removed for examination. Before this date, 49 Pink Boll-worm moths had emerged 
from these bolls: II in May, 6 in June,and 32 in July. Examination of these bolls 
disclosed 16 Pink Boll-worm larvae and 7 pupae as stated below :-

5 larvae in lint cocoons. 
3 larvae in single seeds. 
4 larvae in double seeds. 
3 larvae in treble seeds. 
1 larva in group of seeds. 

16 Total larvae. 

2 pupae in lint cocoons. 
1 pupa in single seed. 
1 pupa in double seed. 
3 pupae free in the lint. 

i Total :pu:pae. 
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These observations in 1927 show that it was not the cold which stimulated the larvae 
to display the long-cycle response because a large number of the long-cycle larvae were 
obtainable from the green bolls collected during April. 

During 1927-28, samples of full grown bolla (green) each consisting of 250 bo1ls, 
were collected both at Surat and at Broach during the boll-development period. Four 
samples were collected at Broach and two at Surat. The dates of collecting these I18mplea 

. and the emergence of Pink Boll-worm moths from these bolls are shown in the 
table below. 

TABLB V 

Emergence of Pink Boll-worm moths from green bolls collected at inter1lals a& Broach and 
S'lrat 

Broach Broach Broach B~oach Burat Burat 
sample sample sample sample. lample I&m~l. 
No.1 No. II No. III No. IV No. I No. I 

Time of emergence collected collected collected collected collected collected 
on 27th on 14th on 30t.h on 28th on 16th on 23rd 

Decembexl' JaD,uary. January February January February 
1927 1928 1928 1928 1928 1928 

Before 30th April 1928 . 85 20 .. II 11 . . 
In June 1928 · · .. .. 1 2 1 1 

In July 1928 · · 8 1 7 24 .. 17 

In August 1928 · · . 3 3 .. 9 .. 6 

In September 1928 · .. .. .. 2 .. 1 

The bolla collected during February both at Surat and Broach have given the largest 
number of long-cycle larvae. Probably the number of the resting caterpillars would 
have been still greater if the samples had been collected even later, i.e., in March or 
April. 

OBSERVATIONS ON DRY BOLLS REJECTED ON TJl1i: PLANTS 

There are always some damaged bolls which are left on the plants after the pickings 
are over. A few of these drop down to the soil, and the rest are carried along with the 
(lotton sticks, which are stored in heaFs. On the ~7th of Mar ?926, 501 such cIrr bolle 
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were collected from 194 cotton plants from a stack. Examination of these bolls showed 
the presence of 44 Pink Boll-worm larvae in them. Fifteen of these larvae were found 
in single seeds, 27 were found between the compact locks of lint and the carpels and two 
were found parasitised. -

In the next season, two lots of similar dry bolls were collected on the 27th of May 
1927. The first lot consisting of 247 bolls was collected from 105 plants, and the second 
lot of 302 bolls was collected from 109 plants. 

The first lot was examined after the 15th of July 1927, and one pupa of Pink Boll
worm and five full grown Pink Boll-worIll caterpillars were obtained fron. these 247 bolli!. 
The bolls from the second lot were kept under observation for noting the emergence of 
Pink Boll-worm moths. Only one moth emerged from these bolls on the 16th of 
August 1927. 

There is thus a possibility of a small number of the long-cycle larvae resting in the 
dry bolls left out on the cotton plants after the harvest of kapas. 

OBSERVATIONS ON kapas AND SEED 

Ezamination oj kapas. Two pounds of k{Jpaa collected from the general lot at Surat 
was examined from 8th to 23rd June and 12 Pink Boll-worm caterpillars were found 

in it. 

7 larvae in single seeds. 
3 larvae in lint cocoons. 
2 larvae free in the lint. 

12 Total. 

Another sample of two Ibs. of kapas from the second picking was examined from 
2l:ith June to 5th July and only one Pink Boll-worm larva was found in a single seed. 

Besides this, two samples of kapaa, of one pound each from the first and the second 
pickings respectively, were kept in jars for noting the emergence of Pink Boll-worm 
moths. From one pound of kapas of the first picking, only one Pink Boll-worm moth 
emerged on the 11th of August 1928; and from the sample from the second, one moth 
emerged in the 3rd week of July and another in the last week of July. 

Ezaminat.ion oj see4. Small quantities of cotton seed from the kapa~ of the first 
and second pickings were examined by splitting open every seed during July and August 
1928. The cotton seed was obtained by ginning the kapas with hand gins. All the 
seeds which showed damage caused by the boll-worms, were kept separate and the total 
quantity was weighed at the end of each examination. The number of Pink Boll-worm 
larvae 'found in the seeds can be seen from the next table. .All the caterpillars were 

foqnd in sin~le seeds. 
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TAJILB VI 

Ezaminatio" oJ cotw" ,wi 

1928 

No. of Pink Quantity of 
Tim. 0' Quantity of seed examined boll·worm damaged 

lanlMl found .-i examination 

Tolaa 

2 Ibs. from 1st Picking · · . . Ii 7 July. 

2 Ibs. from 1st Picking · · . 1 707/5 Anguli. 

1 lb. from 2nd picking · · .. 2·6 July end. 

1 lIb. from 2nd picking · · . 3 /5·26 Auguli. 

It is thus seen that the kapaa as well as the cotton seed both have a small number 
of resting Pink Boll-worm caterpillars in them.. 

Some of the baits which were tried for collecting the moths of Spotted Boll-worms 
attracted the moths of Pink Boll-worm also as can be seen from tables VIII to XI of 
'appendix No II. 

CONCLUSIONS 

Pink boll-worm appears every year in the cotton fitllds in South Glljarat. It in
creases in number during December and January, but normally it does not cause a very 
serious damage to the cotton crop.' About twenty-five larvae for every 100 bolls were 
recorded only in two out of the seven seasons during the worst period of the attack. 

During 1928-29, which was the worst Pink Boll-worm year. 19 per cent of the /.;apt» 

was picked from damaged locks, whereas during the next two sea80na the proportion 
oi the damaged kapaa was 6 and 5 per cent respectively. 

The long-Cycle larvae are found in this tract, and this pest is carried over from one 
season to another by these larvae resting in kapaa, in cotton seed and in the dry bolla 
rejected in the cotton fields. The exact responsibility of each of these in the carry
over of the pest could not, however, be worked out. 

It was further seen that the maximum emergence of the Pink Boll-worm moths from 
~he restin$ larvae takes flace in Jul,. Th~ emergence deeli~es in Au~. and artet 
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the end of August, there is only a very occasional emergence in September and October. 
During July and August there is practically no food available for these worms on the 
cotton crop, as it is sown at the end of June Of at the beginning of July. The plants 
are consequently very small, and even flower-buds are generally absent. Probably 
from the stray emergence of moths during September and October, a small infestation 
continues on the flower-buds and younS bolls until developed bolls are available. These 
developed bolls are usually available in December and the pest has, therefore, to carry 
on its mere existence till that time. From December onw.rds, the population begins 
to rise rapic:lly. 

The long interval between the period of the emergence of the moths from the resting 
stage and the period of the availability of the developed bolls (which is the pril1Cipal 
food of these larvae) seep}s to be the chiei factor, which prevents this pest from assuming 
alarming proportions in this important tract of cotton. 

TABLE VII 

Weekly population oj Pink Boll-worm larvae on 25 cotton plants at SU1'at (1924-25) 

No. of Larvae in No. of Larvae in Total Pink 
Week ending Boll·worm 

flower·buds flower· buds bolls bolla larvae 

12~A DoIlOP\ber 1924 · 2,260 7 367 7 I' 

19th Deoember 1924 · 2,095 3 64' 11 14 

26th December 1924 · 1,662 8 876 8 16 

~nd January 1925 971 nil. 1,005 59 59 

9th January 1925 , · 461 1 1,000 29 30 

16th January 1925 205 nil. 1,110 '6 46 · 
23rd January 1925 172 nil. 865 I' I' 

30th January 1925 102 nil. 979 16 16 · · 
6th February 1925 I' nil. 962 28 ~ 

13th February 1926 .. 583 I' 14 .. 
20th February 1925 .. 625 39 39 .. 
27th february 1925 ., 357 27 27 .. 

I 

6th :.Iaroh 1925 .. 116 6 Ii · · .. 
-N 
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TABLB VIII 

Weekly population oj Pink. BoU-worm lamu Oft 25 cotton plant. tK Sural (1925-26) 

Week ending No. of Lanae in No. of LarYaein Total riDk 
flower-buds flower-buds bolle bolle BoU-worm 

IArYae 

18th December 1925 323 .. 161 1 1 

25th December 1925 · 927 .. 1,186 29 29 

1st January 1926 , · 401 1 1,127 61 62 

8th January 1926 • · 97 .. 966 68 68 

15th January 1926 49 .. 821 85 85 

22nd January 1926 · 24 .. 838 99 99 

29th January 1926 · · o. .. 795 131 131 

TABLE IX 

Weekly population oj Pink Boll-worm lamu on 26 cotton plants tK Suf'tK (1926-27) 

No. of Lanae in No. of La"ae~ 
Total Pink 

Week ending BoU-worm flower-buds flower-buds bolla bolla larvae 

28th January 1927 0 2,090 .. 229 2 2 

4th February 1927 0 1,890 .. 439 .. -
11th February 1927 0 1,991 .. 794. 12 12 

18th February 1927 · 1,271 .. 1,081 12 Ii 

25th February 1927 · 682 .. 1,071 14 If 

4th Maroh 1927 · 195 .. 888 46 46 

11th Maroh 1927 9 .. 801 69 69 

18th Maroh 1927 0 · .. .. 731 61 51 

25th Maroh 1927 · ., ., 690 32 32 

lat April 1927 . · .. .. 286 11 11 

8th April 1927 · · .. .. 116 3 3 
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TABLE X 

Weekly population of Pink Boll-worm larvae em coUon plants at Surat (1927-28) 

No. 
Flowcr- Larvae in Larvae Total Pbk 

of Dates fiower- Bolls in Boll-worm 
plants buds buds bolls larvae 

-
25 16th September 1927 .. .. " .. 1 

in shoot. 
25 28th Ootober 1927 1,158 2 " .. 2 

25 .4th November 1927 1,263 2 " .. 2 

25 11th November 1027 1,976 .. " .. .. 
25 18th November 1027 2,392 4 2 .. 4 

25 25th November 1027 2,421 .. 13 2 2 

25 2nd December 1927 2,302 5 2 2 7 

25 9th December 1927 2,496 6 107 9 15 

25 16th December 1927 3,501 3 170 6 9 

25 23rd December 1927 3,541 6 189 7 13 

25 30th December 1927 3,530 4 406 28 32 

25 7th January 1928 3,204 .. 487 17 17 

25 14th January 1928 2,763 3 1,156 60 63 

25 21st January 1928 1,849 .. 1,164 18 18 

25 28th January 1928 968 .. 1,357 33 33 

25 4th February 1928 607 .. 1,629 35 35 

25 11th February 1928 105 .. 1,270 63 63 

25 18th February 1928 56 .. 1,001 87 87 

25 25th February 1928 14 .. 857 123 123 

25 3rd March 1928 • 4 .. 527 67 67 

25 lOth March 1928 . , .. 300 18 l~ 

N2 
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Weekly population oJ Pitilc Boll-tIIOnfIiamN OR 00U0n plam. aI Sural (19:n-I8)-()Ontd 

Ne. . rlower • Larvae In LarY .. Tot.alPiak 
of Date. 40_,. Bolla in BoU·warm 

plante buds buds bolla lame 

-
25 17th March 1928 · .. .. 183 19 19 

21 Uth March 1928 · · .. .. 72 • S 

60 31at March 1928 • · · 58 .. 51 11 11 

60 11th ~pril1928 · · · 107 .. 18 , , 
50 13th April 1928 · · Me .. 1 .. .. 
50 20th April 1928 · · · 360 .. I .. .. 
50 27th April 1928 · · · 388 .. I .. -
60 4th )lay 1928 · · · 471 .. 21 .. -
50 9th )lay 1928 · · · 665 .. 30 .. .. 
50 18th May 1928 · · 0 488 '0 43 .. .. 
150 23rd May 1928 · · · 362 . . 68 .. -
50 3lat May 1928 · · · 346 .. 74 I • 
50 8th ,JUDe 1928 · · · 1178 .. 48 1 1 

50 13th JW1e 1928 • 0 · 132 .. 18 :» II 

50 20th JW1e 1928 • 0 · 69 . 8 I 1 

60 27th June 1928 0 0 0 83 .. 4 .. -
150 4th July 1928 · · · 280 .. 8 o • M 

50 11th July 1928 · · · 136 .. • I 1 

60 17th July 1928 · 0 · 130 .. S 6 II 

50 24th July 1928 · · · 54 .. 11 7 7 

50 3rd August 1928 • · · 93 1 , 1 , 
I"e.t. 

60 8th August 1928 • · · 37 .. 7 J I 

" 
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T~LB XI 

Weekly populatwn oj Pi,," BoU-worm larvae on cotton plams at 811,114 (1928-29) 

No. No. of Larvae in No. of Larvae Total Pink 
of Dates flower· flower- gre<'n in Boll·worm 

plants buds buds bolls bolls larvae 

-
25 9th November 192. · · 2.758 1 4 .. 1 
25 16th November 1928 · 2.767 4, 50 .. 4 

25 23rd November 1928 3,096 4 119 4 8 
25 30th November 1928 3.235 " 210 2 2 

25 8th Deoember 1928 · 3.201 3 314 1 4, 
25 14th Deoember 1928 · 2.797 2 338 13 15 

25 21st Deoember 1928 2.915 1 610 7 8 
25 29th Deoember 1928 3.162 .. 863 28 28 

25 4,th January 1929 1.744 .. 863 22 22 
25 11th January 1929 1.025 .. 851 6 6 

25 18th January 1929 · 804 .. 1.062 12 12 
25 25th January 1929 681 .. 1.005 32 32 

25 1st February 1929 188 .. 1.027 71 71 

25 8th February 1929 30 .. 794 107 107 

25 15th February 1929 3 .. 761 200 200 

25 22nd February 1929 1 .. 586 143 143 

25 29th February 11129 .. .. 416 100 100 

25 8th March 1929 • · - .. .. 175 21 21 

25 15th March 1929 5 .. 35 4, 4, 

25 22nd March 1929. 17 .. 10 .. . . 
50 28th Maroh 1929 75 .. 2 .. . . 
50 6th April 1929 293 .. 4 .. .. 
50 12th April 1929 319 .. 16 .. . . 
50 19th Apri11929 (i54 .. 26 .. .. 
50 25th April 1929 469 .. 39 1 1 

50 2nd May 1929 310 .. 44 .. .. 
50 lOth May 1929 337 .. 26 .. .. . · 21 
50 16th May 1929 354 .. .. .. 
50 I 24th May 1929 231 .. 17 1 1 · 467 54, 6 I 

6 
50, 29th May 1929 · .. 

, 
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TABLE XII 

Weekly populatiun of Pink Boll-worm larVa6 0" cotton plant& at Surat (1929-30) 

No. No. of Larvae in No. of Larvae Total Pink 
of DatoH flowt"r- flower. green in BoII.worm 

plants buds buds boU. boU. larvae 

--- -
25 30th October 1929 1,667 1 8 .. J 
25 8th Nov('mber 1929 1,993 .. r,- .. .. 
25 14th November 1929 2,627 .. 17 .. .. 
25 21st NO~'6mber 1929 2,629 .. 20 .. .. 
25 28th November 1929 3,381 .. 32 .. .. 
25 5th December 1929 3,637 .. 72 2 2 

25 12th December 1929 3,829 .. 149 2 2 
25 19th December 1929 2,673 .. 338 I J 

25 26th DIOcember 1929 2,831 .. 493 .. .. 
25 2nd January 1930 2,537 .. 866 3 3 

25 9th January 1930 1,721 .. 1,350 .. .. 
25 16th January 1930 940 .. 1,81' II 6 

25 23rd January 1930 288 .. 1,'68 19 19 
25 30th January 1930 67 .. 1,102 18 18 

25 6th February 1930 20 .. 1,170 31 31 
25 13th February 1930 5 .. 9'7 22 22 

25 20th February 1930 .. .. 882 U I' 
25 27th February 1930 .. .. 693 10 10 

25 6th March 1930 .. .. 33' 2 2 
25 13th March 1930 . .. .. 67 2 2 

25 20th March 1930 .. .. 13 1 1 
25 27th March 1930 .. .. 3 .. .. 
50 5th April 1930 16 .. .. .. .. 
50 11th April 1930 43 .. 1 .. .. 
50 16th April 1930 198 .. 3 .. .. 
50 23rd Apri Jl930 263 .. 6 .. .. 
50 29th April 1930 323 .. 10 .. .. 
50 6th May 1930 . 395 .. 19 1 1 

50 14th May 1930 591 .. '9 1 1 
50 22nd May 1930 628 .. 86 1 1 
50 27th May 1930 , 620 .. 243 2 :I 

. 
( 
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TABLE XIII 

Weekly POJJfJlatlof. of Pink IkU-worm larvae on 25 plmll8 at Sural (1930-31) . 

Dat08 La.rvae in La.rvao in Total Pink 
1.Iuu8 buds 1.10118 bolls Boll-worm 

larvae 

21st November 1930 · · 2,688 1 32 1 2 

28th November 1930 · · 3,998 2 75 11 13 

5th December 1930 · · 5,192 5 208 8 13 

12th December 1930 · · 4,224 15 288 17 32 

19th December 1930 · · 4,207 21 868 28 49 

26th December 1930 · · 3,919 25 1,707 87 112 

2nd January 1931 · · 2,198 4 1,895 65 69 

9th January 1931 • · · 927 2 2,167 57 59 

16th January 1931 · · 225 3 1,692 48 51 

23rd January 1931 · · 18 .. 1,248 51 61 

30th January 1931 · - I .. 1,166 81 81 

6th February 1931 · · .. .. 1,287 84 84 

13th February 1931 - ., ., 894 56 56 

20th February 1931 .. .. 470 27 27 

nth February 1931 · · .. .. 102 9 9 

I I I 
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TABU XIV 

Weekly population oj Pin" 1lo11-worm 1Mf)(MJ on 25 planl8 each wee" 
1927-28 (Broach) 

Datee Larvae in wVHin Buds buds Boll. boU. 

lOth December 1927 · 2,620 .. 379 II 

17th December 1927 · · 2,«9 I 836 19 

24th December 1927 · · 1,081 .. 678 19 

318t December 192'1 · · 632 .. 939 17 

7th January 1928 • · · .29 .. 765 66 

14tbJaouary 1928 · · 368 .. 6911 36 

21st Januart 1928 · · 96 .. M2 '5 

28th Jaouary1928 · · 38 .. 671 38 

4th February 1928 · · • .. 609 38 

11th February 1928 · · .. .. 580 .2 

18th February 1928 · · .. .. .67 .0 

25th FebruMJ 1928 · · .. .. M9 15 

3rd March 1928 . · .. .. '" '1 

, 

Total Pink 
Boll·worm 

Iarv". 

I 

20 

lit 

17 

68 

36 

'6 

38 

31 

.lI 

'0 

15 

7 



TABLE XV 

Pink Boll-worm, larvae for every 100 bolls examined 

SUlIAT F ARK 

192'-25 1926-26 1926-27 1927-28 1928-20 1029-30 

WeekI. 

Larvae Larvae Larvae Larvae Larvae Larvae 

BoU. per 100 Bollo per 100 Bollo per 100 Bolls per 100 Bollo per 100 Bollo per 100 

y:;een teen treen treeD ~3.n ~en 
olla Uo' olla olla oUo 

------- - -- --- --I--- ----- ---
HNovember { 

_. .. .. .. .. .. . , .. 4 .. .. " 

. , .. .. .. .. .. .. .. 50 .. .. .. 

.. .. .. .. .. .. 2 .. 110 8 
'S2 " 

. , .. .. . . .. .. 18 16 210 1 " 

-- -- --------------------
HDecember ~ 

.. 
i61 

., .. .. 107 9 314 .. 72 S 

220 2 1 _. .. 170 4 838 4 149 1 

644 2 1,186 8 .. .. 189 4 610 1 838 .. 
L 1,881 4 1,127 6 .. 406 7 863 3 1,869 .. 

-- t--- ------------
nlanu~ { 1,000 8 966 7 487 3 863 3 1,360 

1,110 4- 821 10 1,166 6 861 1 1,814 .. 1 
865 2 838 12 

229 
1,164 2 1,062 1 1,408 

979 2 705 16 
.. 1 1,367 2 2,082 5 1,102 2 

------------------------------

HFebruaff { 
962 8 .. .. 439 .. 1,629 2 704 18 1,170 3 

588 2 .. .. 704 2 1,270 5 761 26 947 2 

680 6 .. .. 1,081 1 1,001 9 686 24 882 2 

869 8 .. .. 1,071 1 ~57 14 416 24 693 1 

1- ---------------------
HMarOb. { 116 , 888 6 827 10 176 12 334 I 

801 9 183 10 86 II 07 8 

781 7 72 11 10 18 7 

976 , 61 22 2 S 

----------~ ---------------
UAPrU . { .. .. .. .. 116 8 16 26 4 .. .. .. 

.. .. .. .. .. .. 1 .. 16 .. .. .. 

.. .. _. .. .. .. 2 .. 26 .. .. .. 

.. .. .. .. .. .. 1 .. 89 8 .. -. ---------------
UMa, { .. .. .. .. .. .. .. .. .. .. .. .. 

. -. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. 

1980-81 

Larvae 
Bollo per 100 

L"'3.D 

-- ---
.. .. 
'S2 

., 
8 

76 16 
-----

208 4 
288 6 
868 3 

3,602 4 -----
2,167 3 
1,692 8 
1,248 4 
1,165 7 
-----
1,287 7 

8U4 6 
470 6 
102 9 
-----

-----.. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. 

BROACH 

1927-28 

Larvae 

Bollo per 100 
~een 

lla 

-- ---
.. .. .. . . .. .. .. .. --
370 1 
~86 2 
676 8 
939 2 

765 7 
602 6 
642 7 
671 6 -----
600 6 
680 7 
467 9 
349 ., 
-----

464 2 

-----.. .. .. ., .. .. .. .. 
.. .. .. .. .. .. .. .. 

CIt 

~ 
t:1 

~ 
!;11 
I( 
rn 
o 
"lI 
e 

~ 
21 

;J 

~ 
I:l 

§ 

... 
<0 
Qt 
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APPENDIX VB 

PINK BOLL-WORM (PLATYEDRA GOSSYPIELL.J ~AUND.) IN 
KHANDESH 

A few observations about the Pink Boll-worm were maintained during the period of 
work upon Spotted Boll-worms of nearly 18 months in Khandesh. The incidl'nce of tho 
larval population of this pest in the cotton field8 during 1929 and 1930 can be IIOOD fcum 
the following table8 ;-

TABLE I 

LanJaZ population of Pink Boll-worm 011 100 cotton plants from GOlJ6mment Farm, Jalgucm 

1929 

No. of No. of Pink 
Weeks green Boll.worm RBJlABIUI 

bolla larvae 

24th August 1929 · 49 1 

31st August 1929 148 .. 
7th September 1929 · · 270 3 

14th September 1929 · · 305 .. Bolla began to open. 

21st September 1929 · · 622 3 

28th September 1929 · 774 5 

5th October 1929 · 734 12 

12th Ootober 1929 . · · · 488 14 1st picking. 

19th October 1929 . · · 210 38 

16th October 1929 . · · · 100 47 2nd pioking. 

2nd November 1929 · · · 55 36 

9th November 1929 · · · 23 8 

16th November 1929 · · · 8 .. Lut pickiDg. 

" 
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TULE II 

Pillk .8011-u'ortll larvae from {)O !ttll-g10wligreef! bolls colleded frolll t1w i1lulIdillg cotto,. stalk, 
Of! Jalgaofl Farm 

1929-30 

Weeks No. of Pink Boll-worm larvae 

23rd November l!J29 28 

30th November 1929 00 

7th December 1929 • 69 

14th December 1929 69 

21st December 1929 4 

28th December 1929 47 

4th January 1930 71 

llth January 1930 38 

18th January 1930 44 

25th January 1930 44 

1st February 1930 9 

8th February 1930 15 

15th February 1930 • 18 

22nd February 1930 13 

1st March 1930 9 

8th March 1930 20 

15th March 1930 13 

22nd March 1930 5 

29th March 1930 4 
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Pink Boll-worm ~ on 1()() cotton plane. f'om Ja1grJon FMm 

1930 

-. I . 
Weeks No. of RDAua greenbolle No. of larvae 

4th Ootober 1930 · · · · 499 .. 
11th Ootober 1930 · · · · 585 2 

18th Ootober 1930 · · · · 458 19 

25th Ootober 1930 · · 576 73 lit piokiJJg. 

let November 1930 458 76 

8th November 1930 · · 315 48 

15th November 1930 · · · 164 18 

22nd November 1930 · · · 170 1'1 2nd pioJUna. 

29th November 1930 · · · 164 169 

6th December 1930 · · · · 145 166 

13th Deoember 1930 · · · · 181 21K Last piokiJJg. 

20th Deoember 1930 · · · · 103 166 

27th December 1930 · · · 141 138 

3rd January 1931 · · · · · 80 25 

10th January 1931 · · · · · 140 109 

17th January 1931 · · · · · 344 228 

24th January 1931 • · · · · 338 209 

31st January 1931 · · · · · 496 237 
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TAlIU IV 

Larval popttlatio-n oj Pink BoU-worm on 50 cotton plant. f~om wllagu fleaT Jalgaon during 
_ 1930-31 

Mamurabad Pimrala Nag&rdev&!a 

Fortnight. of Ilxamination 
Gretln lArvae Green Larvae Green 
bolla bolla bolls lArvae 

- -

(1st Fortnigbt • 79 .. 155 .. 626 Ii 
September t 

2nd Fortnight • 241 5 H7 .. .. .. 

{1st Fortnight • 291 34 152 43 318 106 
October 

2nd Fortnight • 446 166 169 34 .. .. 

{1st Fortnight • 338 75 103 55 155 157 
November 

~dFomPgM • 76 53 78 no .. .. 

{lot Fortni¥ht • 203 335 57 42 150 149 
~ember 

2nd Fortnight • 65 55 58 54 .. ,. 

{1st Fortnight • 99 85 86 68 .. ,. 
Janu'fl 

hd Fortnight • 100 72 73 1'1 .. .. 

The cotton season of 1929 was very early and practically all the crop was over before 
the population of Pink Boll"worm could rise. During 1930, however, the rapid multi
plication of these insecta had begu» at about the time when the first picking of cotton 
was in progrees. From the last week of November till the last week of December there 
was found a larger number of these larvae than the total number of bolls which were 
examined. Even after the last picking was over a large number of green bolls could be 
collected from the cotton fields but no kapa8 was available from them because most of 
them were destroyed by this pest. 

In order to determine the period when the caterpillars hibernated in Khandesh, 
200 full grown green bolls were collected, three times during the season of 1929 when 
the first, second and the third pickings respectively were in progrees. The emergence 
irolll these bolls is given in the nen table. 
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TABU V 

E~genu of Pink BoU-worm mot'" from tkveWpeJ green boU, collected on dl§erml datu 

Number of Pink BoII·worm moth. which 
emerged 

Month of emergence 200 bolla 200 bolla 200 bolla 
coUectedon collooted on ooUected on 
4th October 15th November 18th NOYember 

1929 1929 1929 

Ootober 1929 2 7 .. 
November 1929 . 1 15 .. 
December 1929 • .. 1 78 
January 1930 . . . . 1 8 
February 1930 . .. 1 II 
Maroh 1930 J .. .. II 
April 1930 .. .. :I 
May 1930. .. .. .. 
June 1930 .. .. 4 
July 1930 . 1 8 28 
August 1930 . .. .. 2 

After the pickings are over there are always some dry bolls, which remain on th. 
plants, being rejected as useless bolls at the time of collecting kapa.. There ill a polllli
bility of the long-cycle larvae restin~ in these bolls. These bolls either drop away in 
the fields or are carried along with the cotton sticks, which are generally heaped up for 
fuel purposes. Two hundred such bolls were collected on 17th January 1930 from one 
of the heaps and were kept under observation. 

From these bolls, two Pink Boll-worm moths emerged in July 1930 and three more 
moths came out in Augll8t 1930. 

From the inf9rmation upon the emergence of these moths from green bolls collected 
at different times of the season, it appears that the largest number of larvae hibernate 
when the crop is about to be over. Some of these long-cycle larvae can also be found 
in the dry bolls which are rejected on the cotton plants. 

A few moths emerged practically every month till A.ugust 1930, from the bolls which 
were collected in November 1929; but the largest number of moths emerged during 
July 1930. There was no emergence after August. 

Some of the moths which emerged from the resting stage were kept under observa
tion to note their longevity. Seventeen of them were kept without any food, nine of 
them were given only water, and the remaining two were oftered diluted molaasea. 
(Table VI App. VII.) 

The average life of the moths which were kept without any food was 8 days although 
one of them lived for 24: days. The moths which were supplied witll water only. lived 
for 11 days on an average, and the maximum period of life was 19 days. The moths 
which Wl're given diluted .molall8l's lived for 25 and 30 days respectively. 
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It will be seen from Table II (App. VII) that the short-cycle larvae continued to 
breed in the cotton fields on the fresh growth from the .standing plants till the end of 
March 1930. 

The information collected about this pest in Khandesh is scanty and refers practically 
to only one complete season. However, it appears that Pink Boll-worm is a more serious 
pest in Khandesh than the Spotted Boll-worms, and that the damage due to this pest. 
is greater in years when the crop is delayed due to heavy rains during September, Octo
ber or November. The damage is not restricted to the dirty kapaa which finds its way 
to the market, but there is, in addition, a large number of bolls which are entirely value
less and have to be rejected at the time of collecting the kapas. 

TABLE VI 
Longevity of life of the Pink Boll-worm moths emerging from resting stage at Jalgaon 

1930 

Serial Total 
No. of Date of emergence Date on which the moth W&I! dead life in 
moths days 

Mothskept unfed. 
1 30th June 1930 • 7th July 1930 . 7 
2' 11th July 1930 • 20th July 1930 . 9 
3 19th July 1930 • 23rd July 1930 • 4 
4 19th July 1930 • 28th July 1930 . 9 
5 21st July 1930 • 28th July 1930 . 7 
6 22nd July 1930 . 23rd July 1930 • 1 
7 22nd July 1930 . 23rd July 1930 . 1 
8 22nd July 1930 • 26th July 1930 • 4 
9 22nd July 1930 . 27th July 1930 • 5 

10 22nd July 1930 . 1st August 1930 10 
11 22nd July 1930 • 15th August 1930 24 
12 25th July 1930 • 5th August 1930 12 
13 26th July 1930 • 4th August 1930 9 
14 26th July 1930 • 5th August 1930 8 
10 28th July 1930 • 31st July 1930 . • 3 
16 4th August 1930 16th August 1930 12 
17 8th August 1930 27th August 1930 19 

Average life tI 

Moths ,,,hich !I •• re given water only. 
1 4th July 1930 8th July 1930 4 
2 14th July 1930 • 21st July 1930 • 7 
3 19th July 1930 • 30th July 1930 • 11 
4 19t.h July 1930 • 1st August 1930 1:1 
5 19th July 1930 • 4th August 1930 16 
6 19th July 1930 . 30th July 1930 • 11 
7 23rd July 1930 • 26th July 1930 • 3 
8 23rd July 1930 • 4th August 1930 12 
I) 23rd July 1930 • 11th August 1930 H) 

Average life 11 

Moths which were given diluted molas8e8. I 28th July 1930 • . I 22ncl August 1930 : I 25 
2 2Mb July 1930 • • 27th August 1930 30 
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APPENDIX vm 
CAPACITY OF THE COTTON PLANT TO REPLACE ITS FORMS SHED DUE 

TO THE BOLL-WORM INJURY 

It has been established that the Spotted Boll-worms appear in the cotton field al 
. soon as vigorous growth of the cotton plant commences. and continue to feed on them 
throughout the season. The flower-buds and the young bolls which are attacked by 
the worms drop down from the plant. resulting in a continuous wastage of the reproduc
tive organs of the cotton plant. It is. of course. inconceivable that the cotton plant 
should mature all its flower-buds and flowers into bolls. but it was not very clear if 
all the shedding due to the insects was a net loss. or if the plant poasessed a capacity 
to recover any loss from such shedding by stronger development of the forms which 
would normally appear later, or by augmenting their number by additional bud forma
tion. 

A small beginning for ascertaining the possibilities was. therefore, made during 1925, 
when a group of only five plants was selected, and the flowers that appeared on them 
were pruned continuously up to a fixed date in the case of each plant. Thus the prun
ing of flowers from the first plant was stopped on the 30th of November; and that from 
the others on the 10th December, 20th December, 30th December, and 10th of January 
respectively. The flowers that appeared after these dates were not di.turbed. Daily 
flowering was recorded from the commencement of the experiment and the Ihed bolla 
were collected to examine if they were attacked by the boll-worms. The results are 
tabulated below :-

TABLE I 

Plant Dumben 

Dates up to whioh the 
flowers were pruned 

1 2 3 , a 
10th • 30th 10th 20th 30th 

November December December December January 

Number of flowers pruned 8 49 238 78 118 

Total number of flowers open- 98 120 287 Bl 118 
ed. 

Number of flowers opened 
after pruning was stopped. 

90 71 51 8 Nil 

Number of mature bolls 33 37 40 4 Nil 

Number of bolls shed after 57 34 11 2 Nil 
pruning was stopped. 

Bolls shed due to boll-worm 10 7 7 Nil Nil 

Bolls ahed due to other oauses 47 27 4 I Nil 

, 
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The results of these observations. on single plants could not be taken as conclusive 
evidence, but indicated that the plants had responded, in t,heir effort to make up the 
number of Imature bolls, by developing a large proportion of flowers immediately after 
the removing of flowers was stopped. The performance of the plant No.3 especially 
deserves admiration in as much as it yielded 40 mature bolls from 51 late flowers, 
after undergoing the pruning of 236 of its first flowers. 

The continuation of the removal of flowers from plants Nos. 4 and 5 ultimately 
proved disastrous to the plants, as only six flowers could open on plant No.4 after the 
pruning was stopped; and there was no more flowering on the 5th plant after the tenth 
of January. It was thus indicated that the plant cannot stand an indefinite destruc
tion of its flowers, and that any unusual and continuous damage to the flowers would 
exhaust the capacity of the plant to replace the lost forms. 

Experiments on a larger scale were undertaken in 1926. A total number of forty 
plants was grown free from boll-worms by "night caging", to avoid the disturbing 

. factor of the shedding due to boll-worms in addition to the artificiallemoval of the 
forms. Out of these, 15 plants were used for the pruning of the flower-buds, and 
the remaining 25 for the trial!! of the flower pruning. 

The first 15 plants were divided into 3 groups of 5 plants each. The first group 
was reserved as a control. From the second', all the flower-buds formed up to the 30th 
of October were pruned. From the third, the flower-buds were similarly pruned on the 
13th of November. Care was taken to remove only such of the flower-buds as could 
be nipped oft without injuring the growing points, and therefore the smallest flower
buds were left alone. Thus 236 flower-buds were removed of the total of 358 existing 
on the plants of the 2nd set on the 30th of October; and, 202 buds out of 336 present on 
the plants of the 3rd set on the 13th of November. Records of the weekly flower-bud 
formation, flower opening and the relative succeRS of flowers to bolls were maintained. 
(Tables III and IV of this Appendix.) 

The result .of the flower-bud pr\lning (as can be seen from the tables) was that the 
flowering was delayed by four weeks in the second set, and by seven weeks in the 
third one. The flowering, how~ver, when it appeared showed a much higher intcnsity 
and a larger proportion of the first flowers was retained than in the control plants. 
Attention is drawn to another important fact, that after the pruning of the flower
buds, the fresh flower-bud formation in both pruned sets, continued at a higher level 
for longer periods than that in the control set. This indicated that not only does the 
plant respond to the loss of its flower-buds by retaining its later forms, but that it 
also augments bud formation by new development. 

FLOWER-PRUNING 

The remaining 25 plants were divided into 5 sets of 5 plants each. Four sets wero 
used for the removal of tbe flowers and the fifth was retained as a control. The flowers 
that appeared in all the sets (except the control) were removed daily. np to the 13th 
November, 27th November, 11th December, and,the 25th of December respectively. 

o 
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Records of daily flower-opening, the number of flowen removed, number of fiowera that 
opened after the removal of flow eN 'tI8IIlItopped and the relative peJtentage of flowera 
that developed into mature bolls were maintained. (Table V of this appendix.) 

Examination of the curves of flower opening (Plate XXV) showl that the peak of 
flowering is reached in all the sets at about the Mme time but that, where the removal 
of flowers is prolonged, the intensity of flower opening continue. to be higher, inlltead 
of declining as in the control plants. The prolongation of the high rate of flower open
ing, following continued flower-pruning, naturally incre88el the average number of 
flowers per plant, in proportion to the duration of the period of the removal. The average 
performance of the plante from the above five sets is IIhoWD in the following table. 

TABLE II 

Ruvltt 0/ Jlow;r-prv,.mg 

(Average per plant of 5 plants in each case) 

Flow-en 
opt'ned Matu ... 

Treatmen' F1o_ FIo_ after bolla 
per plant pruned pruning 

pl:t "M 
.topped 

Control . . . . . . . 75 Nil 75 30 

1st set (flowers pruned up to 13th November) • . 70 15 65 25 

2nd set (Bowers pruned up to 28th November) 81 20 81 22-1 

3rd set (Bowers pruned up to 11th December) • 107 42 M 23-1 

4th set (Bowers pruned up to 25th December) • 128 71 M U2 

It will further be seen that the number of mature bolla per plant is not lIubltantiaJly 
different, and curiously enough the number of bolls shed in every case il almost aimilar 
except in the last case.; showing that the plante had an adequate lIupply of flowera to 
develop into bolls and even a few more to shed in the normal course, even after the 
pruning of the first flowers. 

These experiments have, therefore, shown that the cotton plant under Surat condi
tions evinces a large capacity for replacing the lost flower-buds or flowera, by develop
ment of its later forms, which might otherwise have shed. It further indicate. a certain 
degree of auto-regulation of the formation of flower-buds and flowera, thus astIuring enough 
supply of these forms for the requirement of the plant. 

It should, however, be remembered that the preliminary experiment indicated that 
this capacity for replacing forms is limited, and that the plant ia unable to make good 
the delltrllct~OD of its forms indefinitel" 

" 



PLATE XXV. 

Pyu.ntn~ 0\ FlouUA 1~16-21. 

Showing weekly flowering, proportion of flowers pruned and the number of successful 
bolls from weekly flowers in the flower-pruning experiments of 1\)26-27. 
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FIoWfl1'-bud /ormation, floWfl1'-opemng ana ,he BtICCflS8 0/ }lowers into mature bolls /rMII jive 
plants where 226 floWfl1'-butls Wfl1'8 removed on the 30th 0/ October, 1926 

(5 plants in each case) 

Control plot 226 f1ow~-bud. removed 

Week, 
Flower. Suocesa or Flower· S\IIIC8A Flower Flower bud opening flowers bud opening of flowers 

formation to bolle formation to bolla 

3rd Ootober .. .. .. 20 . . .. 
10tq Ootober · 40 .. .. 31 .. .. 
17th Ootober 63 .. .. 73 .. .. 
24th Ootober · · 85 ,. .. 97 .. .. 
30th Ootober 116 4 4 137· .. .. 
6th November 201 15 12 192 .. .. 
13th November · 147 26 19 194 .. .. 
20th November · 163 37 21 230 .. .. 
27th November · · 132 48 38 217 13 12 

4th December · 133 57 36 138 ~ 81 

11th December 100 60 9 118 107 47 

18th Deoember · 28 T9 16 61 110 16 

25th December · 19 69 10 23 112 20 , 

1st January · 4 35 7 5 82 25 

8th January · · · 2 17 4 4 39 8 

15th January · · · .. 4 .. .. 16 1 

22nd January · · · .. 1 .. .. 1 .. 
• 22~. flower-bulla removed on the 30th of October 1926. 
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TABLB IV 

,Flower-btul formation, jf.ower~ aM ,he relat," ltlceu. of jlowr. into matfJ" bolh 
from five pla'llt. where 202 jf.ower-bttiU wre remoml Oft 'he 13th N 0V6f1Iber 1926 

(5 night-caged plante in each case) 

Control plante 
Plante with 202 Bower-buda 

removed 

Weeks 
Flower. 8u_of 

Flower 
8uoo_ of Flower. Flower 

bud 80wer bud 80weN 
formation opening to bolla formation 

opening to bolla 

10th Ootober · 40 .. .. 8 .. .. 
17th Ootober 63 .. .. 27 .. .. 
24th Ootober · 85 .. .. 43 .. .. 
30th Ootober · · 116 4 4 54 .. .. 
6th November · 201 15 12 98 .. -
13th November · 147 26 19 00- .. .. 
20th November ~ 163 37 21 140 .. .. 
27th November · · · 132 48 38 171 .. .. 

: 

4th December 
. 133 57 36 132 .. .. · · · 

11th December · · 100 60 9 108 .. .. 
18th Deoem'ber · 28 79 16 t 100 " '6 · · 
25th December · 19 69 10 49 97 70 · 
let January 4 35 7 " 82 III · · . 
8th January 2 17 4 15 85 3 · · . 

- 69 4 
15th January · .. " .. I) 

22nd January · · .. 1 .. 1 24 • J 

29th January · .. .. .. o • 4 I .. · 
.202 8ower-buda removed on the 13th Nuvembe. 1926. 



TABLE V 

Statement Bhowing daily flower opening, flower pruning, boll shedding and the percentage BtlCCeBB of boUs from the different 
Bets of the flowEr pruning experiment. 

1926-27 

CHECK :-(10 PLAKTs). 1ST SlIT :-(6 PLAIITS). 211D SET :-(5 PUlIITS). 8RD SET :-(6 PLAKTS). 4TH SRT :-(6 PLAKTA). 

Week ending 

Flowe" 
Bolli % Flowe" Bolla % Flowe" Bolli % Flowe" 

Boll. % Flowe" iloilo % 
Shed 8UCCeu Shed IUCCeas Shed IUCCd8 Shed 8UCeesl Shed lU_ 

I 2 3 • 6 6 7 1\ 9 10 11 12 IS 14 16 16 

--- ------I~ --- --- ------ --- --- --- --- --- ---
80th October 1926 • 8 .. 100 1 Pruned .. 1 Pruned .. 2 Pruned .. 2 Pruned .. 
6th November 1026 11 1 90'0 6 ", .. 9 .. " 7 .. ., IS .. .. 
ISth November 1926 28 2 02·9 17 

" 
., ID 

" 
.. 17 .. .. 18 

" 
., 

20th November 1926 49 9 81-6 87 7 81'1 SS " .. 26 .. .. S8 
" .. 

27th November 1926 67 8 86·0 48 16 66'6 48 " 
.. 37 .. .. 36 .. .. 

4th Deeember 1926 111 60 56'0 56 28 68·9 58 2 D6·7 63 .. .. 48 .. .. 
11th Deeember 1926 121 94 22·8 74 62 16·2 68 17 70·7 6D .. .. 58 .. .. 
18th December 1926 126 101 19·2 46 87 19'6 49 4f 10·2 56 D 83,6 74 .. .. 
26th Decemb,r-1926 122 g8 28'8 86 31 11'4 62 60 3·2 66 20 6",7 71 .. .. 
lit January 1927 79 51 36-4 24 22 8-3 41 S4 17-1 54 36 33-3 65 7 89-2 

8th Janury 1927 • 88 28 26'8 8 8 60-0 26 23 11·5 60 65 8-3 01 12 80-8 

nth January 1927 • 6 0 .. .. .. .. 5 5 .. 41 3D 4-0 M 38 25·6 

22nd January 1927 .. .. .. .. .. .. 1 1 .. 8l SO 3-2 M 61 .. 
29th January 1927 • .. .. .. .. .. .. .. .. .. 16 I5 .. 27 26 8·7 

6th February 1927 .. .. .. .. .. .. .. .. .. 4 4 .. 14 14 .. 
12th February 1921 .. .. .. .. .. .. .. .. .. 1 1 .. 1 1 .. 

m 

I 
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4. Scientific Monograph, of the Imperial Council of Agricultural ReMarch. 

NCAG-SM/I No. 1. The Fungi of India, By E. J. Butler, C.LE., D.Sc., M.B., F.R.S. and G. R. 

NCAG-SM/2 

NCAG-SM/3 

NCAG-SM/4 

NCAG-SMJ5 

NCAG-SMJ6 

NCAG-SMJ7 

NCAG-SMJ8 

NCAG-SMJ9 

Bisby, Ph.D. (1931). Price Rs. 6·12·0 or lIB. (As. 8.) 
No.2. Life·histories of Indian Microlepidoptera. Second Series: AIucitidae 

(Pterophoridae, Torticina and Gelechiadae), By T. Bainbrigge Fletcher, 
R.N., F.L.S., F.E.S., F.Z.S. (1932). Price,Rs. 3·4·0 or 58. 6d. (As. 6.) 

No 3. The Open Pan System of White.Sugar Manufacture, By R. C. Srivastava, 
B.Sc. (1935, 2nd edition). Price Rs. 3·2·0 or 58. 6d. (As. 9.) 

No.4. Life·histories of Indian Microlepidoptera: Cosmopterygidae to Neopseus. 
tidae, By T. Bainbrigge Fletcher, R.N., F.I •. S., F.E.S., F.Z.S. (1933). 
Price Rs. 4·8·0 or 78. 6d. (As. 8.) 

No. Ii. The Bombay Grasses, By E. J. Blatter, S.J., Ph.D., F.L.S. and C. McCann, 
F.L.S. Illustrated by R. K. Bhide. Price Rs. 20·12·0 or 328. 6d. 

No.6. Helminth Parasites of the Domesticated Animals in India, By G. D. Bhalerao, 
M.Sc. Price Rs. 7·12·0 or 138. 3d. 

No.7. Influence of Manures on the Wilt Disease of Cajanu8 indicua Spreng, and 
the isolation of Types Resistant to the Disease, By W. McRae, M.A., 
D.Sc. (Edin.), F.L.S. and F. J. F. Shaw, D.Sc. (Lond.), A.R.C.S., F.L.S. 
(1933). Price Rs.2·4·0 or 48. 3d. (As. 5.) 

No.8. The Silk Industry of Japan with Notes on Observations in the United States 
of America, England, France and Italy, By C. C. Ghosh, B.A., F.E.S. 
(1933). Price Rs. 4 or 68. 9d. (As. 7.) 

No.9. Mechanical Cultivation in India. A History of the Lsrge.Scale Experi. 
ments carried out by Burma·Shell Oil Storage and Distributing Company 
of lodia, Ltd., By C. P. G. Wade. Price Rs. 3·14·0 or 68. 611. 



S. MiacelJaMoaa BuIletiM of the Imperial Couacil of Apical ..... R-a. 
NCAG-MB/I No. I. List of Publicatione on Indian Entomology (1930), By the Imperial Ento-

mologiat, Pu.... Price As. I. or I •. 6tJ. 
NCAG-MB/2 

NCAG-MB/3 
I 

NCAG-ME/'" 

NCAG-MB/S 

NCAG-1I1B/6 

NCAG-MB/7 

NCAG-MB/8 

NCAG-MB/9 

No.2. List of Publications on Indian Entomology (1931), By the Imperial Ento. 
mologiat, Puaa. Price As. 8 or lOll. 

No.3. List of t'ublicatious on In1ian Entomology (11132), By thl! Imperial .. Ento. 
, mologi8~, Pu.... Price As. 12 or I •• Ill. '., . 

No.4. Host. Plant Inde~ of Indo-Ceylonese Coccidafo. 'By S. RamachlUldran, L.A •. 
and T. V. Ramakrishna Ayyar, B.A., Ph.D., F_Z.S. l'rice Re. I-It) 
Mk~ . 

No •. 5. List. of Publications on Indian Entomology, 1933. Compiled by th. 
Officiating Imperial Entomologist, PUB&. Price As. II. 

No.6. Bee-keeping, By C. C. Ghosh, B.A., F.E.S. (3rd edition). rrioo a... (·1' 
or lk. 3d. 

No.7. List of PublicatioDB on Indian Entomology, 193.. Compiled by the 
Officiating Imperial Entomologist and the Imperial Entomologiat, PU8II. 
Price Re. 1-2-0 or 2.. 

No. 8. Sele~ted clinical Articles, by MI'I'8I'8. G. H. Slmrma and R. L. K ..... ra. 
Price As. 8 or 10<1. 

No.9. Statistical Method~ and their Application to Agronom.v. A Bibliography, 
by K. K. Guba Roy. (/11 the Preu.) 

NCAG-~IRiIO No. 10. Diseases of Su~arcane and Methods for tbeir contr",l, by L. S. Subra· 
maniam. (III tire PrMd.) 

NCAG-·MB/ll No. 11. Tables of StandRrd Errors of Mandelian Ratio, by Swam Singh Pnn:wal 
anri P. Krishna Rao. Price Ag. 12 or I •. 3<1. 

NCAG-M.B/12 No. 12. I.ist of Publications on the Botan! of Inrlian Cropg, Part Il, fur t·be period 
'.', 10211-32. By R. D. Buge. (/11 I~ PreM.1 

NCAG-AR/31 

NCAG-AR/32 

NCAG-AR/33 

NCAG-AR/3. 

NCAG-ARj35 

NCAG-R.1/29 

NCAG-R.1/31 

NCAG-R,lj33 

Ii. ADlI1W Report of the Imperial Couacil of Apiculturel R_arch. 
Anoual Report of the Imperial Council of Agricultural Reeearch for the YMrs 

1929-30 and 1930-31. Price As. 12 or I •. 3d. (Anna I.) 
Anoual Report of the Imperial Council of Agricultural Reeearch .for the year 

1931-32. Price As. 6 or 811. (As. 2.) 
Anoual Report of the Imperial Couneil of Agricultural Reeearch for the year 

1932-33. Price As. 6 or 811. 
Anoual Report of the Imperial Council of Agricultural Research for the year 

1933-34. 
Anoual Report of the Imperial Council of Agricultural Research for the year, 

1934-35. 

7. Review of Agricultural Oper.tiou iD Iadia. 
Review of Agricultural Operations in India, 1928-29. Price RL 3-2 or 0.. 6tJ. 

(As. 8.) 
Review of Agricultural'Operations in India, 1929-31. Price Re.. 5 or ... 

3d. (As. 10.) 
Review of Agricultural Operations in India, 1931-33. Prif10 Ra. 5-12 or g •• 6-1. 

B. Proceediap of the Board of Agriculture ad Aaimal HubmclrJ. 
Proceedings of the First Meeting of the Animal Husbandry Wing of the Board of Agricultnre and 

Animal Husbandry held at New Delhi from the 20th to 23rd February 1933, with Appendices. Price 
Rs. 5-14-0 or 98. 6tJ. 

A Description of the Imperial IDBtitute of Veterinary Research, Muktesar and ita .ub-station 
the Imperial Veterinary Serum Institute, Izatnagar, By F. Ware, F.R.C.V.S. Price Re. 1-' or 2e. 

The Production of Cigarette Tobaec) by Flu~-curillg, by F. J. F. Shaw, D.Se., A.R.C.8., P.L.S. 
and Kashi Ram, Imp. III~t. Agr. Res. Pusa Bull. No.'187. Re,lrinted 1935. Pri ... Re. lor 1._ 94. 

A Handbook of Statistil'6 for UISt! in Plant Breeding and Agricultural Problem" by Dr. F. J. F. 
Shaw, D.Se., A.R.C.S., F.L.S.,I.A.S . . (111 the Preu.) 

[Copies of the above pUQlications can be had from:
In IIIIlia-Manager of Pnblications, Civil Lines, Delhi. 
In Europe aM .4merictJ.-From Public Department (Publications Branch), Office af the High 

Commissioner for India, India Hollllll, Aldwych, London, W. C. 2.] 

MGlPC-M-m·l.I8--31·8-36-000. 
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