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PREFACE. 
The object in writing this detailed report is to place on record all the data 

collected. during .a. period-of nine years on the problem of bud and boll shedding 
in .. cotton. The research developed into diverse branches and was carried out 
by a number of workers under the direction of the seruor author who was in charge 
of the investigation throughout the whole period. . -

Mr. S.B. Ranacle, B.A., M.Sc., worked as the first senior assistant for a period 
of six months. In 1924, Mr. B. M: Dabral, M.Sc., took the place of Mr. Ranade and 
_con~inued till 1927. Thereafter, he left this work to enable him to take charge 
ofa similar investigation in Sind. His place was subsequently filled by :Mr. S. V·. 
Godbole, RAg., M.Sc. The late :Mr. N. M. Nitimargi, M.Ag., worked ftom 1923 
to 1929. In 1929, he proceeded to England for prosecuting higher studies. He 
was succeeded by Mr. G: R Patel, RAg., who was later transferred as Cotton Breeder 
and placed in charge of the Cotton Wilt Research Scheme at Broach. Mr. S. S. 
Sirur, RAg., worked during the years 1930 and 1931. 

Mr. A. K. Shah, RAg., had been working all along since the commencement 
of the project till its completion and rendered substantial help in the preparation 
of this publication. Mr. R. R Gode, M.Sc., joined the investigation in 1926 and 
continued to assist till the completion of the work. He shares with the senior 
author the. responsibility of writing this report. 

In addition to these regular assistants, two research scholars, Mr; M. A. Shama 
Iyengar, RAg., and Mr. R. N. Gidwani, RAg., also worked-the former during 
1926 to 1929 and the latter for a short period in 1928. 

To all these workers the senior author offers his most sincere thanks for their 
loyal c·o-operation and willing help,. without which the investigation could not have 
been· brought to a successful termii:J.ation. 

We are also obliged to Mr. R. S. Kasargode, L.Ag., and Mr. B. P. Deshpande, who 
were in charge of t_he Entomological Research Scheme on Cotton Boll-Worm at Surat 
for their being accessible for occasional consultation and for willing co-operation 
from time to time . 

. We have also to thank the authorities in charge of the Agricultural Station, 
Surat, for their assistance in various ways during the course of this investigation. 

We take this opportunity to express our deep sense of gratitude to Dr. H. H. 
Mann, D.Sc., ex-Director of Agriculture, Bombay, but for whose ardent love of 
scientific research and masterly guidance of the investigation, especially during the 
first five years, the work would not have progressed in a satisfactory manner. His 
annual visits to the station, characterised as they were with much critical and 
synthetic discussion, helped in no small measure the progress of the entire projec~, 
besides being a source of perennial inspiration for t~q workers cOl!cemec;I m. theu 
respective branches of research converging on the maiD probleDl of mvestlgatlon. 
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Mter the retirement of l>r. Mann, the heavy responsibility of guiding this 
research in aU its ramifications feU on Dr. W. Burns, D.Sc., the Economic Botanist 
to the Government and at. present Director of Agriculture, Bombay. Ria Bolici. 
tude for the progress of the work and his sympathetic understanding of all prob. 
lems connected therewith have ehabled the authors of this report to record the 
enormous mass of data obtained during a sufficiently long period of nine years. 

Our thanks are also due to Mr. T. F. Main, B.Sc., O.B.E., who 8ucceeded Dr. 
Mann as Director of Agriculture, for his sympathetic attitude in continuing thi. 
research ·during his regime. 

The authors are equally grateful to Mr. B. C. Burt, B.Sc., C.I.E., M.B.E., the 
first Secretary of the Indian Central Cotton Committee. The present investiga. 
tion" are mainly the result of his conviction about the necessity and usefulness of 

agricultural research. He took a very great interest in this project during hi. 
Secretaryship of the Tndian Central Cotton Committee for a period of nine year •. 

The present work has benefited immensely by the advice and criticism of 
Mr. N. V. Karutkar, M.Ag.,B.Sc., Soil Physicist to the Government; Rao Bahadur 
D. L. Sahasrabuddhe, M.Ag., M.Sc., Agricultural Chemist to the Government; and 
Principal V. G. Gokhale, L . .Ag., Professor of Agriculture, all of whom made it con· 
venient to pay occasional visits to the Research Station during the whole period 
of the investigation. They deserve our warmest thanks for this labour of love and 
especiaUy for the troubles taken by them in going through the manuscript of the 
present report very critically at great personal inconvenience. 

Our thanks are also due to Dr. L. A. Ramdas and Dr. R. J. Kalamkar of 
the Indian Meteorological Department for their help in statistical work and 
interpretation of the meteorological data connected with this report; 

Finally, we have to acknowledge very.gratefully our deep sense of obligation 
to the Indian Central Cotton Committee who provided the sinews of all tho research 
imbedded in the present J,'eport. and but for whose scientific attitude towardl 
agricultural research and unstinted financial support the present Scheme would 
not have come to fruition. 

K. V. JOSHI, 
Senior .Author • 

POONA:; • 
J)ated 31st Jtlly, 1933. 
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CHAPTER I. 

INTRODUCTION. 

IT is a fact c01;nmonly observed by cotton growers that the cotton plant sheds 
a large number of Its flower-buds and bolls before they attain to maturity. Since 
the quantity of the cotton crop is directly dependent em the number of bolls ma
turing on the pla:nt, a belief is prevalent in cotton-growing territories throughout 
t~e world tha~ thi:s loss o~ buds and bolls must b~ directly responsible for a propor
tionate re:iuctlOn m the YIeld of the crop. Sheddincy of buds and bolls is therefore 
viewed with great concern by the cultivators and a; a result a good deal 'of research 
has been carried on for more than two decades in the two important cotton-growing 
countries, vi:;:., Egypt and the United States of America. 

In India, however, the problem had not received as much attention as it de
served. It was mainly through the efforts of Dr. H. H. Mann, D.Sc., the ex-Direc
tor of Agriculture, Bombay Presidency, that the Indian Central Cotton Committee 
was persuaded to give their immediate attention to this problem. They accordingly 
expressed their readiness to finance a research scheme for the investigation of 
(1) the factors governing the shedding of buds and bolls, (2) the exact relation of 
the shedding to the yield and (3) to suggest measures which should keep effectually 
the shedding under control. Such a scheme was accordingly formulated and start
ed in 1923. Research work under this scheme was carried 011 at Surat, an im
portant centre of the Broach Cotton Tract, for a period of nine years. The data 
collected during this period are recorded and interpreted in the present volume .. 

The non-development or the shedding of reproductive organs before maturity 
is a phenomenon of wide occurrence in the plant world. In the majority of cases, 
it is a result of sterility; in some, it is caused by diseases or insect pests; while in 
others it is an expression of nutritional disturbances. The initial years were, 
t.herefore, devoted to the study of the nature and extent of shedding of both the 
buds and bolls, and to the investigation of the probable causes indicated by external 
signs of the shed forms. These causes were eliminated, after a preliminary inquiry 
as either not existing or not explaining the bulk of the huge shedding. In the 
absence of any extraneous cause, the trouble was considered to be of internal origin 
pertaining to the physiology of the plant. 

Physiological investigations,like the one under study, present peculiar difficulties 
as the factors concerned have to be discovered before their working can be properly 
understood. This involves a simultaneous study of as many factors as possible 
to ascerta.in their direct influence and the limitations caused by their interplay. 
The work in the early years, therefore, has to be necessarily diffused and spread 
over a large field until by a process of eli.n;tination it gets narrowe~ ~own. ~ this 
way, once it was established that the shedding was a result of nutntlOnal defiCiency 
and that it was a dynamic process involved in the adjustment of growt~ commensurate 
with the quality and quantity of nutrition in t~e plan~, what was ~}?ortant from 
practical considerations was to find out how this de~Clency of nutntlOn could be 
remedied and how the same plant could be made to gl~~ more bolls. Furth~r work 
was, therefore, directed to achieve this end under conditIons of crop production. 
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The presentation of the data begins with a description of the general conditions 
of crop production as obtain in the Broach cotton tract. This is followed by a 
detailed account of the growth and development of the plant under field conditions. 
As the crop is damaged by the spotted boll-worm which feeds on shoots, flower
buds and bolls, the performance of the plant under non-boll-worm conditions is then 
given t.o assel:ls ~he toll t~~en by th? insect. After this, the dry-matter growth of the 
plant, Its chemlCal conditions at different stages of growth, the influence of environ
ment in causing growth and shedding variations, the course of events aa clarified 
by this research that lead to shedding of buds and bolls are described and discussed. 
Finally, the influence of shedding on the yield of the crop, and the factors of succes
sful boll production under conditions of crop production are dealt with. 

REVIEW OF LITERATURE. 
A review of literature on the subject of bud and boll shedding waa taken in 

the first year of the investigation (1923-24) and the same is reproduced below with 
some additionS which gives an idea of the nature of the problem. Literature that 
came to our hand during the progress of work has been cited at suitable places 
while discussing the respective aspects. 

Ewing (1918) studied the behaviour of boll shedding in several varieties of cot
ton and concluded that the rate of shedding differed in different varieties grown under 
similar conditions. Bryan and Pressley (1924) also support Ewing's view and main
tain that the character of shedding is varietal. The only effort to determine the 
inheritance of shedding was made by Kearney (1926 and 1927) who crossed 
two species differing widely in their rate of boll shedding (Pima Egyptian and Acala 
Upland) and studied the behaviour of the progenies. From the studies of the 
hybrid, he concludes that shedding is partly controlled by genetic factors which 
segregate after hybridization and recombine although no definite Mendelian ratio 
is Qbserved. "There can be little doubt,'~ he asserts, "that there is a. tendency 
for plants which shed many of their flower~buds to shed also many of their young 
bolls." 

Cook (1921) agrees with others when he observes that shedding is genetic, but 
be is still inclined to feel that it has both morphological and physiological aapects. 
He says, "The primary causes, those that determine whether abortion (shedding) 
is to take place, are genetic and physiological, but the method of shedding hal 
a morphological aspect- that needs to be' considered. Abscission has a definite 
position occurring always in the sockets of the pedicels which are bounded and 
bordered by the stipular ring. That the sockets are too large for the pedicel bases, 
becomes apparent since a gap is formed at once between the separating tissues of the 
pedicel and the socket, indicating a; releas~ of tension. In such cases, enlargem.ent 
of the sockets rather than shrinkage of pediceJs would seem to be the mechamcal 
stimulus of shedding. Checking the growth of the flower-buds or the young-bolls, 
while the vegetative frame work of the plant is developing rapidly, would explain 
why the sockets may become too large for the pedicels." 

. Cook's (1911) morphological studies of the cotton plant, both of the local and 
t~e newly introduced types in the United States of America, led him to th~ concll:'
ilipn that the shedding of the flower-buds and bolls was a result of the dimorp~c 
nature of branchIng, the vigorously gro""ing vegetative branches suppressing the fruit 
growth. He writes that .. if the fruiting branches are of a normal, slender and 
horizontal form, the chances of the buds being retained are very much greater. 



3 

If on the other hand, the fruit.ing branches become more robust and take an oblique 
and upright direction and thus resemble the vegetative branches or limbs, the buds 
almost invariably faU off whilst very young." His observations on st~rility arid 
abnormalities of' organs in cotton, led him to think that the shedding was a sort 
of sterility induced by the failure of proper suppression of the vegetative character 
of the plant. He noticed with Meade (lIH1) various intermediate stages of sterility 
in foreign cottons in the process of acclimatization in the United States of America. 
Cook has been quoted a.t length, because hiB outlook on shedding differs materially 
from most of the other workers on cott(ln. Nevertheless, it is an important 
view that needs to be considered. 

Another case of abnormality leading to shedding of bolls is suggested by the 
work of Trought (1928) in the Punjab. This is the non-dehiscence of anthers at 
certain times of the year. Another possibility leading to shedding iA indicated by 
the work of Jivanrao (1922) in Madras who considers that it is brought. about by 
the low osmotic strength of the sap in their growing tissues. 

Boll shedding has been ascribed by others to pathological conditions caused 
by internal and external rot. Atkinson, as quoted by FAgerton (1912), studied 
boll rot for three years in Alabama and has described many of the fungi and bacteria 
which are responAible for it. Edgerton observes that the actual loss from all kinds 
of boll rot varies from 5 to 10 per cent. and in wet years, he feels, it is even more. 
He attributed the rot mainly to Glomerella gossypii, commonly known as Anthrac
nose, Bn.cterium ma.lvacearum, Diplodia, Malvacearum and Fusarium sp. Nowell 
(1916-17) worked in the West Indies on internal boll diseases and traced four differ
ent species of fungi, which he termed as A, B, C & D, attacking the internal parts 
of the cotton bolls. Harland (1920) classifies the chief sources of loss of the cotton 
crop, amongst which are the internal boll diseases due to Bacterium malvacearum 
and soft rot or phytopthora diseases. Ballard and Norris (1923) have isolated 
another type of bacterium in rotting bolls. Shedding of fruits in plants other 
than cotton has been observed to be caused by various parasitic fungi. Butler 
(1918) reports the dropping of fruits in plants and in some other cases by the attack 
of phytopthora. Coit and Hodgston (1919) have found two important causes of 
the June drop of young Washington Navalorange~, one of which is a parasiticfungus, 
Alternaria citri. 

Insect attacks on flower-buds, flowers and bolls have been found to be among 
the serious causes leading to shedding. The ravages of the boll weevil in the United 
States of Ameri('a, resulting in heavy shedding, are too well known. Another in
sect of an equally serious importance is the spotted boll-worm observed by Fletcher 
and Misra (1921) which is responsible for a large part of the shedding. In California, 
McGregor (1927) rl'ports the presence of tarnished bug (Lygus elisus Van Duzee) 
which punctures the Aquares, blooms and young bolls of cotton as a result of which 
these forms are soon shed. 

The majority of workers on cotton, however, attribute shedding to physiolo
gical disturbance in the plant in response to soil and climatic environments. Balls 
(1912) studied shedding in Egypt two decades back and found that the main factor 
of shedding was water deficiency in the plant. This, ·he thinks, may be due • 
to soil desiccation, excessive transpiration or root asphyxiation consequent upon 
the rise of the subsoil water. Lloyd (1920) in Alabama supports Balls and remaTks 
that shedding under field conditions is attributa.ble to soil-water conditions. Ac
oording to him, the shedding referable to soil water, "proceeds in minor waves, 
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superimposed on a larger wave, the crest of which follows the gradual depletion of 
moisture in the deeper reaches of the soil." He further observea tha\ a probable 
factor which intrudes itself' more effectively into boll shedding in general ia com· 
petition amongst bolls for water, similar to that observed by him in Juglana 
(Lloyd 1919), re3ulting in the shedding of fruits. King (1922) worked in Arizona 
on the water stress behaviour of Pima cotton and thinks that the Ihedding of 
squares and bolls is not always induced by a lack of available moisture in the loil, but 
may be due to a water stress in the plant caused by a more rapid reduction of moia. 
ture in the portion of the soil immediately surrounding the roots than can be restored 
by capillarity to meet excessive transpiration. The investigation of Coit and 
Hodgston (1919) on the Washington orange brings out that these abnormal water 
relations furnish stimulus to shedding. According to these workers, a contributing 
factor to water deficit lies in the fact that under stress of the tremendous atmos· 
pherio pull for water, the leaves actually appropriate water from the young shoots. 
This strain on the plant is not localised but extends throughout the tree. Water 
·tensions developed by exterior foliage are transmitted quickly to interior fruita 
and even to distant roots as was shown by several experiments. 

Another school of investigators working on the pr~blem, attributes the shed· 
ding to competition and a deficiency of the elaborated plant.food. Mason (1922), 
who carried out studies on growth and abscission in Sea Island Cotton, obll6rvea 
~at any slight obstacle in the functioning of assimilating processes is enough to 
disturb the growth balance which ultimately results in the shedding of forms. He 
says that the proportion of shedding over any given period is the- resultant of two 
opposing factors, the rate at which food is synthesised by the plant and the rate 
at which it is utilised in the maturation of the fruits, and that any check in the 
former augments the rate of bud-shedding. Ewing (1918) from his flower pruning 
experiments and from his studies of difierent varieties, concludes that the cotton 
plant naturally produces a surplus of flowers, many more than it can mature into 
fruits, suggesting shortage of food in the plant. 

According to Kraus and Kraybill (1918), the balance between carbohydrates 
and nitrogen in the plant, determines the kind of growth that occurs. They point 
out that a lower ratio of carbohydrates to nitrogen in the plant stimulates vegetati!e 
growth and checks the reproductive growth. Correlative influences of growth In 

~he plant are aLqo suggested by other workers &8 a possible cause leading to shedding 
of fruit. Conditions Rtimulating the vegetative growth of plants suppl'tl88 the 
fruiting growth and viee versa. Mason (1922) attributes both the CeRll&tion of 
growth in the main axis and the augmented susceptibility to shedding to a corre
lation factor, which tends to deflect the supply of the elaborated food from the 
apical p~ of the plant to tbe developing organs on t~e basal f~iti~~ ~~che8. 
Murneek s work (1926) on Tomato brings out very prommently the inhib~tlve mflu· 
ence of the growing fruits on the vegetative growth. Some of the enVl1'onmental 
factors like the day time rain, clouds, heavy winds. etc., have also been obse"cd 
to augment shedding of buds and fruits. 



CHAPTER Il. 

CONDITIONS OF CROP PRODUCTION. 

The Broach cotton tract is situated on the west coast of India, beginning from 
about 120 miles north of Bombay and extending over about 120 miles further north, 
with a. breadth which varies from twenty to fifty miles. It is divided into two 
more or less equal partll-the north and the south-by the river Nerbudda. Tbe 
cotton grown in the northt'rn part has deteriorated owing to extensive Bubstitution 
of a short-staple variety; in the southern part, however, the renowned long-stapled, 
Broach cotton is grown almost in a pure state. Surat forms the centre of this 
tract and the sturlie3 embodied in this volume have been carried out at this IJlace. 
Its eastern longitude is 70' 52°; north latitude, 21'12°; and elevation, not much 
above the sea level. 

CLIMATIC FACTORS. 

RAINFALL. 

Rainfall as a climatic factor is by far the most important as the cotton crop 
in this region bas not the advantage of irrigation and is, therefore, dependent upon 
rain for its moisture supply, This tract is most favourably situated for rains, the 
average annual .precipitation amounting. to not less than forty inches. Almost 
the whole of this quantity is received during the period of four months, from mid
June to mid-October (Table Nos. lA & IB in the Appendix). Normally, there is no 
effective rainfall in the remaining eight months though spells of cloudy weather 
sometimes terminating in small amounts of rain are of common occurrence during 
November, December and January. The average monthly rainfall for two periods, 
the one of 32 years from 1877 to 1908 and the other of 23 years from 1909 to 1932, 
is given in the following table.'" 

A"erolle of 3! )'113M, 
1877 ,1908. 

Averalle of 23 years, 
1909-1\131. 

TABLE No.1. 
Average montMy rainfall in inches. 

8ow
ing, 

I ""!li 17'04 

8'661 16 '26 

Slow growtb. 

7'37 0'07 

7'U 5'51 

Active growtb, i Boll development. I 
.-------i-'----, Prepa-

Flow~riDIJ. I m~~'I,.otal 
Harvest, 

I I I 

0'07i 0'081 0'10 -W'OS 1'61 o.nl 0'04 0'02 0'05 

0'031 1'92 0'37 0'07 o' 2al 0'01 0'00 0'32 to'30 

I 
Rains during the months of June to about the middle of September, are caused 

by the currents of the south-west monsoon; those in tbe latter half of September and 
during October, are mostly derived from those of the north-east monsoon .. Th~se 
currents are generally weak in June but later they rapidly strengthen and gIve rIse 
to hea.vy and frequent rains in July, the sky being heavily clouded during all this 

• The fonner data are taken from the reoord'3 of the Indian Meteorological Station, and the 
latter from the Agrioultural station. both the stations bein~ lo~ted at Surat with. distance 
of two miles between the two. 
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time. The precipitation in August is similar to that in the preceding months but is 
only of a light nature. The sky, however, continues to remain cloudy. RaiIlA 
become less frequent in September but whenever received, they come in sharp and 
heavy showers. The sky then begins to get clear and there is repeated sunshine. 
These characteristics will be evident from the weekly figures of average rainfall 
{Table No.2 in the Appendix), shown in the following graph and from the average 
number of rainy days set out in Table No.2. 

GRAPH No.1. 

Weekly rainfall in inches-Average8 of 23 years (1909 to 1931). 

6 

Slow Growth 

I -
., 

I Active Growth Sowing 
I ,--- , 
I - , 

- I i 

- I 
I 

, ! I I I 
I I I - I I I I I I I [ I I I 

I 
I 

I I I I I I I I I I 
I , I I , I o 
3 10 17 24 1 8 18 22 29 5 12 19 26 2 . 9 16 23 30 7 U 21 82 

June July August September October 

TABLE No.2. 

Number of rainy days per week-average of 23 year8. 

\ Junc. \ July. I AUgllst. I September. I October. 

lo>l~I~I~I"I"I~I:I~I"I=I~I~INIOI~I:iI~I"I=l=l= 
A"o7~~:~:s~r I ~ I ~ I : I : I : I : I : I : I : I : I ~ I ~ I ~ I : I : I : I ~ I ~ I : I : I ~ I : 

Although the average annual rainfall is 40 inches, it varies widely from year 
to year (Table No.3). Similarly, the monthly precipitation during the rainy sea· 
son departs considerably from the average monthly figures given above. Patel 
(1924) worked out the co·efficient of variability of rainfall as 76·7% in June, 50·9% 
in July, 68·9% in August and 91·3% in September. This gives an average of 
71·9% and shows the extreme variability of the monthly rainfall. 

TABLE No.3. 

Frf!lJ.uency distribution of years, according to rainfaU dUriT<{J 23 year8. 

Rainfall in inches. 116.20.121-25. 126-30.131.35. 136-40.\4i.45. 146.50.!Sl -55.\56.60.161.65. 

Frequency of years. I 2 I 1 I 4 I 3 I 1 I 3' I 2 I 3 I 2 I 2 
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A critical study of weekly distribution of rainfall and yield over a period of 
23 years at the Agricultural Station, Surat, indicates that a considerable amount 
of rain is superfiuous, as a normal crop can be grown with even half the average 
quantity. As about 10 inches of concentrated rainfall has been observed to be 
generally sufficient to wet the soil to a depth of three to five feet and as this 
quantity is generally assured in July, the tract is practically free from a complete 
failure of the crop. Rains in the month of July are therefore of immense value to 
the cultivator and form practically the backbone of the cotton crop. 

The common experience in this tract is that although rains sufficient for growing 
the cotton crop successfully are assured, the nature and the distribution of rainfall 
often inhibit the establishment and earlier growth of the plants . 

.Ant TEMl'ERATURE. 

In addition to rainfall, another factor which is no less important and which 
infiuences the climate of any place or locality, is with respect to the air tempera
ture. Variations in humidity, the formation of winds and other atmospheric phe
nomena, are all governed in no small measure by air temperature. Air temperature 
also affects the soil environment and regulates the attendant chemical reactions 
both in the soil and in the plant. 

A large quantity of data has now accumulated as a result of the labours of the 
Indian Meteorological Station at Surat, on the factors relating to atmospheric 
phenomena. From these data, we reproduce below graphically (Graph No.2) 

GRAPH No. 2. 
The mean monthly maximum and minimum temperatures (Average of 54 years from 

1878 to 1931), recorded by the Indian Meteorological Station at Surat, and the 
different stages of growth of the cotton crop. 
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the mean monthly maximum and minimum temperatures as the average of f4 
years from 1878 to 1931 (Table No.3 in the Appendix). In th~ same gra~h, are 
shown the different stages of plant growth, fro~ th~ date of sowmg to the tune of 
crop maturity. The temperatures are. sho~ In tJ;Us graph from June to May of 
the following year, as the cotton crop m thIS tract IS sown towards the end of June 
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and harvested in March of the next year. This arrangement is most suitaLle and 
gives an idea of temperature conditions at different stages of crop growth. 

It will be clear from this graph that for over two months after sowing both 
the maximum and the minimum temperatures do not vary to a marked ~xtent 
(Maximum, 87° F. to 88° F. Minimum 76° }'. to 78° F). During this time which 
corresponds to the major part of the rainy season, growth of the cotton crop is very 
slow. Thereafter while the maximum temperature steadily rises and records in 
October the highest mean maximum temperature (930 F.) during the whole of the 
crop season, the minimum instead of showing a similar rise gradually declines. The 
plant now sets on its growth which rises rapidly during October. Then follows a 
period in which both the maximum and the minimum temperatures descend to. 
gether until they reach, in January, a level not exceeding the mean value of 86'5° F. 
for the former and 57° F. for the latter which is the lowest minimum of the year. 
In this interval, the reproductive growth of the plant takes place. From this 
time onwards, both the temperatures continue to ascend until the highest maximum 
of the year is reached in April and the highest minimum in June. The maturing 
of the crop generally occurs in March and at a time when both the maximum and 
the minimum temperatures are rising. 

It is important to note further that the commencement of the divergence 
between the daily minimum and maximupl temperatures synchronises with that 
of the active growth of the crop and that the divergence is the greatest during the 
flowering and the boiling period as will be evident trom Table No.4. (Table No.3 
in the Appendix.) 

Trought and Mohmad Mzal (1930), who compared the temperatures of the 
various cotton tracts in India, observe that unlike in other tracts, the maximum 
temperature at Surat, rises in the first half of the growing season and falls in the 

- latter half and rises again during the picking season, the minimum temperature fol. 
lowing more or less the maximum. The peculiarity of the Surat tract in comparison 
with the other tracts is that both at the time of planting and of harvesting, Surat 
records the highest minimum temperature which never rises in efiect of the 8pell of 
hot weather during the middle of the growing season, and which on the contrary 
shows a tendency to decline. 

TABLE No.4. 

Difference between the maximum and the minimum temperatures /J8 the average 0/ 
54 years/rom 1878 to 1931 and the stage 0/ plant grou·th. 

Crop phase. Sow
Ing. Blow growth. 

Active l!1'owth. 
I 

Flowering. 

-I nOIl.Qmcnt. Harvest. 
I I 

lIfonths. 'June. I lui,. I Aug.' Sept. f Oct. I Not'. 1 Dec. i Ian. I Feb. I Har., APru·1 Ma,. 

Difference between maxl-lls'sl 9'6 I 9'6112'8121'7127'0 1 28 '5 J 28'91211'6128'2125'8\"" mum nnd minimum. I 

Although the mean monthly value of the maximum temperature has not ~one 
beyond 99'5° F. and that oftha minimum lower than 57'6° F., the absolute readings 



9 

have varied widely from the mean. Taking the last ten years, the highest maxi
mum temperature recorded was 111'2° F. in 1925, and the range between the lowest 
and highest values of the maximum temperature was 68° F. to 111-2° F. The ab
solute values of the minimum temperature also vary likewise from that of the mean, 
the range being from 40'3° F. to 84'4° F. against the mean 57'6° F. The 
following table gives, year by year, the range of the maximum and the minimum 
temperatures for ten years. 

TABLE No.5. 
Range of m~ximum and minimum temperatures at Surat for ten years from 1921 

to 1930 (From the records of the Indian Meteorological Department). 

Year. Maximum temperature (OF.) Year. Minimum temperature (OF.) 

1921 75·2 to 1l0·4 1921 49·6 to 83·6 

1922 77·1 to 109·6 1922 49·2 to 84·4 

1923 77·4 to 107·7 1923 51·6 to 84·2 

1924 77·3 to 108·2 1924 52·2 to 84·2 

1925 71·3 to 111·2 1925 4-6·4 to 82· 8 

1926 80·2 to 109·4 1926 53·2 to 84·4 

1927 73· 3 to 106·1 1927 50·0 to 83· 4 

1928 72·9 to 108·5 1928 48·2 to 83·2 

1929 68·0 to 107·3 1929 40·3 to 84·3 

1930 74·0 to 1l0·0 1930 48·0 to 83· 0 

The minimum temperature does not generally lower to the freezing point so 
as to dry up the crop by frost. The Broach cotton tract is not much liable to frost, 
though this phenomenon is not quite unknown to the people here. Joshi (1931) 
observes that during the last two decades frost did not occur more than three times. 
The frost in 1911 and in 1929 was of a widespread nature and caused considerable 
,damage to all standing crops including cotton; that in 1925 was neither severe nor 
widespread. 

The diurnal variation of temperature at four different times of the crop season 
--July, October, December and February-is shown in Figure Nos. 1, 2, 3 and 4. 
The time of the day when the temperature reaches the maximum in these four 
periods is between thirteen to sixteen hours, fourteen to fifteen hours, at fifteen 
hours, and fourteen to fifteen hours respectively and the time when it reaches the 
minimum is between four to seven hours, five to seven hours, six to eight hours 
and seven to eight hours respectively in the morning. 

HUMIDITY. 

Another important factor affecting climatic conditions is the relative humidity 
of the atmosphere. As a regulator of transpiration and indirectly of vit~l pr?
cesses going on within the plant, its value cannot be exaggerated. We glve, m 
the following graph, the mean monthly relative hUlnidity and the vapour tension 
of 43 years and indicate the corresponding stages of crop growth. 

II 
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GRAPuNo.3. 

The mean monthly humidity and the vapour tension (Jfppendiz Table No.3) recorded 
at_8 a.m. by the Indian Meteorologica.l Station at Surat as an average oJ 43l1earl, 
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FIGURE No.1. 

Diurnal variation oJ temperature and humidity in July. 
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T = Temperature curve, H = Humidity curve. 
The temperature time is fast by two hoUl'B and the humidity time is correct. 
Add twenty to the temperature curve to get the correct value of the temperature for a given 
time. 
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FIGURE No.2. 
Diurnal variation oj temperature and humidity in the month oj October. 
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1. Add twenty to the temperature curve to get the correct reading for a given time. 
2. The temperature timll is correct and the humidity timing is fast by three hours. 
T = Temperature <'urve. H = Humidity curvc. 

FIGURE No.3. 
Diurnal variation in temperature and humidity in the month oj December. 

I WednesclsY"-IIH'S! Thu~5dif'Y I.,.,a-as'/ Fr;daYl3-Ia-as. 7 

.' 
T = Temperature. H = Humidity. 
1. Add 20 to the reading of the temperature ourve to get the correot temperature for a 

given time. 
2. The temperature time is oorrect and the humidity time is faster by three hours. 
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FIOURE No.4. 

DiurnaZ variat~ in temperature and humidity in the month oJ February. 

T = Temperature. H = Humidity. 
1. Add twenty to the temperature reading· to get the correct temperature at a given time. 
2. The temperatw'e timing is correct and the humidity timing is faster by three houn. 

Humidity is very high during the rainy months from July to September (pe
riod of slow growth) and falls at a very rapid rate during October and November 
(period of rapid growth). It remains practically constant at this level till April 
(periods of flowering and boll development) of the following year and begins to 
rise in May. 

The times of the day when the maximum and the minimum humiditil'8 occur 
during the months of July, October, December and February will be seen from the 
Figure Nos. 1,2, 3 and 4. These are 4 to 8, 5 to 6,6 to 7 and 5 to 7 o'clock in the 
morning and 1 to 2, 1 to 3; 1 to 4 and 2 to 4 o'clock in the afternoon respectively. 

The vapour tension, during the rainy months from June to September, is high 
and like the humidity it declines sharply in October and November, reaching the 
lowest value in January as in the case of the air temperature. The rise in March, 
April and May is as abrupt as the preceding fall. Unlike the humidity, it is not 
constant from November to May. 

WIND VELOCITY. 

Intimately connected with the climatic factors so far presented,. is the vel?Cit, 
of the winds; The mean monthly velocity of the winds (Table No.3 m Appendix) 18 

graphically represented below. The stages of crop growth are also sbown in the 
same graph. 



GRAPH No.4. 

Monthly 'mean wind velocity in miles per hour, aa rearrded by the Indian 
Meteorological Department at Su.rat. (Average of 40 yeq,rs.) 
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During June and July winds blow heavily, the range of variation in the absolute 
values being from 1 to 16 miles per hour during the last eight years. The velocity 
falls in August and September from 7.4 miles to 2.4 and from October onwards 
it is more or less constant until March, when it again begins to rise at a sharp rate. 
Patel (1924) in this connection mentions the cold north winds locally called himalu., 
occurring from the latter part of December to the early part of February, which are 
believed to affect the flowering and boll· development adversely. 

Winds thus blow heavily prior to sowing and continue to do so for over two 
months after the operation. They are one of the factors that affect the growth 
of the seedlings adversely. Plants protected from winds have been observed to 
grow faster. These winds, however, are in a way useful as they dry up the surface 
soil pretty fast during intervals of rains and make the fields accessible for weeding 

. and interculturing operations. Further, it is important to point out that the reo 
lation that the velocity of wind bears to humidity is closer than the relation it bears 
to other atmospheric factors. 

SOIL AND SOME OF ITS PROPERTIES. 

GENERAL DESCRIPTION. 

The Broach cotton tract is a plain and its soil is formed of alluvium 
brought down from long distances by various rivers, chief among which are 
the Tapti and the Nerbudda. , "The soil seems to be the result of the decompo
sition and recomposition of trappean material" (Imperial Gazetteer Vol. III). 
" Being derived from the Deccan trap, it has all the essential characteristics of the 
black cotton soil of western India" (Patel-1924). It is black in colour and varies 
in depth from three to five feet. Owing to this depth of the soil and also due to 
its clay and colloidal content, it expands on wetting and contracts and cracks deep 
and wide on drying. 



For the same reason a,gain, water enters and drains 80 slowly from these Boils 
that during periods of ~~avy and. continuous rain! co~ditions of water.logging are 
presented. These conditions obtam for a longer tIme m low.lying areas which are 
large and numerous in,the northern and central parts of this tract. 

The sub· stratum differs from the soil proper in respect of colour, texture and 
composition. The. top.foot of- this layer conSists of fine yellowish· brown sandy 
loam ~th a large admixture of kankar (lime nodules). Below this layer, it 
passesmto fine sand and further down becomes coarse sand. Nt) rock is generally 
discovered when wells are dug out to the water level, which ia generally at & 
depth of about 25 foet. 

A. Homogeneity oJ tke 80il. 

The mechanical analysis· given below points to the fact that the distribution 
of earthy matter, varying in fineness from coarse sand to the finest silt, is 
uniform in different layers of the soil. 

TABLE No.6. 

Oomposition oJ tke ilQil at different depths. 

1st 2nd 3rd 4th 5th 6th 
layer. layer. layer. layer. layer. IByer. 

Components. 0-15 15-30 30-45 45-60 60-75 75--00 
ems. ems. L"lDB. ems. ems. ernll. 

% % % % % % 

Finest silt .. .. .. .. 8·84 6·78 8·72 6·13 6·15 8·71 

Fine silt .. .. .. .. 9·26 8·58 9'58 0'46 8·60 10'44 

Medium silt .. .. .. . . 3·90 3·44 4·20 4·21 4·20 6·73 

Coarse silt .. .. .. .. 10'00 7·34 B·OO 0·02 8·70 13·06 

Fine sand .. .. .. . . 67·38 73·30 65·90 70·54 71·71 60·48 

Coarse sand .. .. .. . . 00·62 00·56 00·60 00·64 00·64 0·58 

Analogous results were obtained in regard to the moisture holding capacity 
of the soil, determined by the Hilgard's Cylinder method. The determinations 
carried out with this method in the first four layers of 22·5 CIDB. each, 
have shown that the value attained by every layer for this capacity was 
about sixty.eight. The moisture equivalent (Briggs and McLane;-191O) of the 
soil in aU the layers up to 90 ems. mentioned above, did not vary to 
a marked extent, the actual values being 40-74, 37-22, 35-79 and 35-58 
respectively_t -

• l'he mechanical analysis WIIB done by the Agricultura.l Chemist to the Government of 
Bombay. 

t Determined by the Soil Physicist to the Government of Bombay_ 



By means of altogether different eXperiments conducted to ascertain the extent 
of availability of the soil-water to the plant, it has been possible to record the 
observation that the colloids which are supposed to retain water and which on 
this account, offer resistance to root suction are uniformly distributed in all the 
layers of the soil (Table Nos. 4 and 5 in the Appendix). 

These considerations ultimately lead to the conclusion that the soil in its several 
layers is not only uniform with regard to its physical structure but also in respect 
of such important properties as the moisture equivalent, moisture holding 
capacity and colloidal matter. 

B. SOIL MOISTURE. 

In the months of June to September and occasionally even up to the middle 
of October the soil receives from time to time large quantities of rain water. This 
is generally more than sufficient to wet the soil thoroughly and to replenish the loss 
that occurs at intervals between rains. The soil, therefore, remains fully wet, all 
these months, containing from 30 to 35 per cent. moisture as calculated on oven
dry basis. The upper layers hold somewhat more moisture owing to bad drainage. 
When the rains are over, the upper layers gradually decline in moisture while the 
lower ones remain unaffected and show relatively a higher content. 

The behaviour of moisture in different layers of the soil, after this period till 
about the end of January, is of particular interest (Graph No.5). For over six weeks 
after the cessation of rains the soil retains practically all its moisture. From this 
time onwards, the upper layers begin to loose moisture while the lower ones remain 
pretty steady throughout the crop season, i.e., till about the end of January, the 

GRAPH No. 5. 

Per cent. moisture in difJernt layers of an uncropped plot under cultural operations 
identical with tl~08e of the 8urrounding plots w16ere cotlon-crop was grown. 
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rate of loss decreasing with increasing depth. The exte?t of depletion in the sever~l 
layers is well seen in Table Nos. 6 to 8 in the Appendix. As the surface layer IS 

directly exposed to the action of the sun it suffers the greatest loss. When the land 
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TABLE No.7. 
Percentage oJ moisture in Jour layers oJ the soil at the close oJ the fIIOn8OOn and at tlu 

end oJ the crop season-f'esults expressed on oven-dry maUer. 

Soil layers. 1930-31. 1931-32. 

oms. 
7-10-1930. 27-1-1931. 10-11-1931. 2-2-1932. 

First 22· 5 oms. .. .. . . .. 29·7 25·3 32·4 2lSol 

Second 22·5 ems. .. .. .' 30·9 25·9 82·3 27·1 

Third 22·5 oms. .. .. .. 29·2 26·' 30·9 28'04 

Fourth 22·5 oms. .. .. .' 29·2 27,8 30,2 20,0 

begms to crack, the lower layers gradually lOBe mOIsture. Thus, the rate of fal 
in moisture is governed in these soils both by the intensity of the sun's hoat anI 
the extent of its cracking. In addition to the :mere evaporation of water unde 
fallow. conditions, large quantities of wl\~er are also lost by the physiological proces 
of transpiration. The extent of depletion on this account as well as under thl 
influence of physical forces may be compared (Graph No.6). 

GBAPHNo.6. 
Oomparison between the moisture contents oJ uncropped and cropped lands, in Jou 

layers of 22' /) cms. each, Jor years 1930-31 and 1931-32. 
~ __ cropped ___ ._._._._._uncropped. 
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During the rainy season, the moisture content ~ .both the cropp~ and th 
uncropped land does not differ to any extent. This 18, h~wever, obvIOUS. Th 
growth of plants at this time is extremely slow and the losses mcurred are ~lso mad 
good by additional showers of rain. Striking differences are, ~owever, ~tlced af~ 
this period when the plants become extremely active and build up thea vegetatlv' 
matter. 
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In the cropped area, the soil loses more moisture than it does under the influ
ence of the physical forces alone. Again, while the mere evaporation of water 
takes a longer time to affect the soil moisture, the effect of root absorption is felt 
even much earlier. The depletion steadily proceeds from layer to layer as the roots 
descend to lower depths (Table Nos. 9 to 14 in the Appendix). 

It is important to emphasize that once the roots enter a particular zone, 
indicated by the commencement of fall in moisture, they continue to absorb water 
till such time when the moisture content of the zone is reduced to about twenty 
to twenty-one per cent. Hence, it is inferred that the force of root suction is not 
able to overcome the united forces in the soil, at this level of moisture. 

What is said with regard to the behaviour of soil moisture under cropped con
ditions in one year, can be repeated with regard to other years as well 
(Graph No.7). 

GRAPH No. 7. 

Percentage moisture on oven-dry basis, as the average oj the lower three layers (exclud
ing the surJace layer) oj 22'5 cms. each, under cropped conditions. 
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(a) Capillary movement. 

We have seen that under uncropped conditions, it is only the surface layer 
that loses moisture, being directly subjected to action of the sun. The lower 
layers are only affected when the land is furrowed with cracks. Hence, it appears 
to be more than certain that the loss of water caused by evaporation in the upper 
layers is not made good to an appreciable extent by capillary movement of water 
from the lower reaches of the soil. This is, further, supported by the results of 
experiments (Graph No. 8 and Table Nos. 15 to 20 in the Appendix) carried out 
for studying the effects of no-mulch in three different plots. In 1930, they clearly 
showed that the percentage moisture from layer to layer in the plots under study 
had been the same. In 1931-32, there was a slight difference in favour of the nor
mally inter-cultured plot but this was not corroborated by the intensely-mulched 
plot in which the moisture contents for the several layers were ~he same as those 
in the non-intercultured. It is to be noted that all the three plots ill these two years 
were left uncropped so as to have only one factor varying. 

3 
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.Similar dat,a were collected in the year 1928·29 but the samples were drawn 
from cropped plots (Table Nos. 21 to 23 in the Appendix). The results of these 

GRAl'H No.8. 

Percentage oj total moisture in several layers oj the soiZexprused on oven.dry ba8is in 
the uncropped area receiving normal interculturing, no interculturing, and 

intense interculturing during 1930·31 and 1931.32. 
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experiments together with those referred to above afford perhaps the most convinc. 
ing evidence of the fact that mulching as a meaIl'J of conserving moisture proves 
to be of no avail. 

(b) Water delivering power oj the soil. 

The percentage- moisture discussed so far, it may be pointed out, represents 
only the total water content of the soil; it gives no idea whatever about the readi. 
ness or the ease with which the soil parts with its water. "Water is held by tiny 
particles of the soil, partly on their surfaces by absorption and partly, in the case 
of colloids, as water of imbibition; water is also held between the particles of the 
soil by capillarity (Maximov-1929)." All these forces directly resist a free 
absorption of water by the roots. On this account, the question of the water 
delivering or water supplying power of the soil rises into importance. 

- It was once believed that the capillary water was all available to the plant. 
But the researches of Briggs and Shantz (1912) have shown that this is not so. 
Livingstone and Koketsu (1920) devised, therefore, a method for determining the 
wateJ;' supplying power of the soil, in which what they call the" soil points" were 
used. 
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Our experiments (1926-27, 1927-28, 1928-29) with this method show that the 
soil varies in its capacity of delivering water not only in the same season but also 
from seasOn to season (Graph No.9 and Table Nos. 24,25 and 26 in the Appendix). 
They further show that the lower layers always deliver large amounts of water than 

GRAPH No.9. 

Water delivering power of the soil per two hour-period (three layers of 22'{) ems. each 
surface layer being excluded). 
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the upper ones. The differences between the water supplying power of the upper 
and the lower layers gradually become less intense as the season advances. In 
all the three years, this power of the soil very rapidly declined after the close of the 
monsoon but later no marked differences could be found in the different 
layers. 

Water supplying power of the soil appears to be a function of the total water 
content. (Compare the figures for total moisture content in Table Nos. 9, 10 
and 11 in the Appendix.) In 1927-28, the unusual precipitation of nearly three 
inches of rain in November, increased both the moisture content and the delivering 
power. It varied, in fact, in the three years with the moisture content of the 
soil. 

Another factor which affects this power is the concentration of the ,soil solution 
(Table No. 27 in the·Appendix). This increaSes With the advance in season while 
the delivering power decreases. The inverse relation of the water supplying power 
to concentration of the soil solution is but natural. The osmotic pressure of the 
solution rises with the increasing concentration and exerts a retarding influence 
on the rate of water delivery. 

It may be stated that although the water delivering power of the soil ,:"aries 
with the total moisture content,the variation is by no means proportlOnal. 
Again, the fact that the delivering power is reduced to a minimum even when the 
soil contains water to the extent of 20 per cent out of 30 at the close of the monsoon, 
shows in no uncertain manner that the soil is highly retentive and is capable of with
standing for a. considerable period the desiccating effect of the climatic complex. 
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(c) UnJree water. 
The retentive capacity of the soil is influenced, in a high me88ure, by its col

loidal matter. Although no experiments have been made at this station to 
ascertain the quantity of colloids present in these soils, determinations made 
with the idea of finding out whether a large amount of moisture in the soil is held 
unfree and as such not availa.ble to the plants, have yielded very interesting 
information (Graph No. 10 and Table Nos. 4 and 5 in the Appendix). These 
determinations were carried out by tbe dilatometric method (Bouyoucos 1917). 
They show that the amount of added water, held unfree by the soil, is more or It'lls 
constant throughout the season and for all layers of the soil. The average figure 
is 5 cc. out of 10 cc. of water added. This character is neither affected by l!e88onal 
influences nor does it appear to vary even in a given season. 

GRAPH No. 10. 

Amount oJ waterheZd unJree out oJ 10 C.c. oJ added water, in ,everallayer, oJ the BOil, 
in the cropped area during 1926-27 and 1927-28. 
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I t is, therefQre, inferred that the colloids, which are supposed to be th~ agen~ 
for holding a certain amount of the added water unfree, do not vary In. theU" 
quantity or at least in their influence either in the different seasons or In the 
different parts of the same season. 

On the strength of the evidence cited above, we are in a positio~ to say that 
owing to their great depth, fine texture, homogeneity, retentive capacl~y and ot~er 
properties, these soils are able to absorb large quantities of water durm~ the ramy 
Beason and conserve them for several months without much loss. On this account, 
they are most suitable for agricultural purposes especially for deep-rooted crope 
like cotton which entirely depend on the supply of soil moisture in this tract. 
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C. PuNT FOOD IN THB SOIL. 

The chemical composition of the black cotton soil in this tract is shown below. 
As the roots sometimes penetrate the sub-soil, its analysis is also included. }'rom 
~hese results, it will be clear that the soil is fairly good in organic matter and lime, 
~ood in phosphoric acid and rich in potash. Iron and alumina are sufficiently high. 

TABLE No.8. 

Chemical composition oj the Boil and the sub-soil at the Agricultural Station, Surat. 

Black soil layers. I Sub-soil. 

-
Oonstituep.ts. 15 to 22·5 60 to ·75 110 to 125 

ems. ems. cms. 
% % % 

Stones .. .. .. .. .. .. .. on fine matter. 37·03 

Moisture .. .. .. .. 5·73 6·21 6·66 

Organic matter (loss on ignition ex- 6·50 6·35 4·62 
eluding moisture). 

Iron and aluminium oxides .. .. H·54 13·80 10·52 

Lime (OaOOa) .. .. .. .. 1·76 1·97 13·90 

Nitrogen .. " .. .. 0·044 0·039 0·027 

Phosphoric Acid. (PI 0&) .. .. 0·065 0·055 0·044 

Potash .. .. " .. .. 0·174 I 0·212 0·123 

The variation in respect of chemical compoflition even at widely different depths 
of the soil is not appreciable. The sub-soil on the other hand has a large admixture 
of lime nodules and therefore its lime content is outstandingly high but it is 
comparatively poor in the other constituents. 

The Imperial Gazetteer of India (Vol. III-Articles on Agriculture) records 
the following with regard to thel:\e soils. "The percentage of soluble silicates, 
iron and alumina which the soil (in tbe Broach tract) contains are fairly const,ant. 
Lime varies in amount and also in the form in which it is found. It occurs usually 
both as carbonate and as silicate. :Magnesia is always present in high p~oportion. 
The quantity of potash varies considerably, but it is not usually defective. The 
amount of phosphoric acid, nitrogen and organic matter is usually or frequently 
low." 

Of the various plant food ingredients of the soil mentio~ed ab.ove, ni~r?gen 
is by far the most important and particularly so under Indian SOlI conditions, 
where the dry decay of organic matter continuously reduce~ the same under the 
influence of the hot sun during a large part of the year. This does not mean that 
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the other constituents are of less importance. Any of them mav become limiting 
and disturb the no~ma! growt~ ~ehaviour of the plant. The nitrogen of the soil 
was, therefore, studied In detail In four layers to a depth of 90 emB. up t·o ,,·hich 
the cotton plant mostly feeds. 

(a) Total and organic nitrogen. 
The following graph represents the periodical quantities of organic and total 

nitrogen found in these soils after the close of the monsoon. It shows the probable 
variation in the nitrogen content in two areas in which determinations ,,·ere made 
for two years. (Table Nos. 28 to 31 in the Appendix.) 

GRAPH No. 11. 

Total and organic nitrogen in milligrammeaper lOOgrammu oJ oven-dry8oil . 
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The figures of both the years indicate that total soil nitrogen does not remain 
constant throughout the year but fluctuates within a certain range. These results 
corroborate the findings of Sahasrabuddhe and Kanitkar (1932). 

The data for the season of ,1928-29 are more complete, as during that season 
all the four layers from the surface to a depth of 90 CmB. were examined for the 
nitrogen changes. All the curves show periodical fluctuations typical of the dry 
tract of Western India as shown by Sahasrabuddhe and Kanitkar (1932). The 
average total nitrogen of the four layers varies only within a limited range during 
the period of these determinations from 34 to 45 milligrammes per hundred grammes 
of oven-dry soil. If the maximum value is taken as 100, it goes down to the lowest 
level of 76. But the individual laYffs show much wider variations during the 
same period. The surface layer which receives additions of farm yard manure 
in cotton years and also the dried stalks and leaves of the crop plants, shows the 
widest range, varying from 37 to 58 milligrammes. The second layer follows the 
first in thil'l respect. The variations in the third and the fourth layer are more 
or le\ls of th~ Same order. 
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Of the total nitrogen, a little more than ninety-five per cent. is of the organic 
nature. It will be further Been that 4' 3 per cent. is in the ammoniacal form and the 
remaining balance of less than half a per cent. only is made up of nitrous and nitric 
forms. These proportions rcmain practically the same in aU the four layers of the 
Boil, i.e., up to a depth of 90 CmB_ 

(b) AmmoniacaZ nitrogen. 

Periodical quantities of nitrogen in the ammoniacal form, for the same years are 
shown in Graph No. 12 (Table Nos. 32 and 33 in the Appendix). 

GRAl'H No. 12. 

Periodical nitrogen in the ammoniacal form in different layers of the soil, expressed 
in milligrammes. 
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Nitrogen in this form .shows wider fluctuations in the same season than the 
total or the organic nitrogen. In both years, its quantities have increa.'>ed during 
December and January. This synchronises with the flowering period of the cotton 
plant in this tract. 

The quantity of this form of nitrogen in the soil is about two to three mil
ligrammes in the majority of determinations in both the years, and it is found fairly 
evenly distributed in all the four layers up to 90 cms. 

(c) Nitrous and nitric nitrogen. 

The quantities of nitrogen in these forms are represented graphically in Graph 
No. 13 (Table Nos. 34 to 39 in t.he Appendix). 
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GRAPH No. 13. 

Nitro'IIA and nitric nitrogen in milligrammea per 100 gramme.t oJ oven.dry IO"tl • 

• • • • • • Nitrous nitrogen. Nitric nitrogen. 
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The curves show two crests, one in November and the other during January and 
February, indicating two periods of active nitrification. Of the two forms-nitrous 
and nitric-the nitric is directly utilised by the plant. It is, therefore, very important 
though the amount present is only a fraction of a milligramme. Being the final 
product of oxidation of the organic nitrogen, its quantity, therefore, depends upon 
the organic matter in the soil and upon the biotic and physical conditions including 
moisture and aeration. The nitrous nitrogen is an intermediate product in the 
processes of nitrification and denitrification and hence much value cannot be 
attached to its quantities present on any occasion. Besides, the curves clearly 
show that the quantities of nitrous nitrogen are very insignificant, the nitric 
nitrogen being by far the largest. 

It will be seen from What has been discU8sed so far that the black cotton soils 
do not show unusual deficiency of any of the ingredients of plant. food normally 
present in soils. The organic matt.er and consequently the resulting nitric nitrogen 
are small as compared with the more fertile types of soi).. We shall have occasion 
to consider in a later chapter whether any of t.he more important ingredients 
like nitrogen, -phosphoric acid, potash and lime become limiting at any stage of 
development of the plant. 

D. SOIL TEMPERATURE. 

Of the environmental factors which control the bio·chemical phenomena in 
the soil, is undoubtedly its temperature. We have collected some data on the 
question of soil temperature but before they are presented, mention must be made 
of the nature of instruments and the way in which they Were used in acquiring 
the data. 
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Two distance-thermometers, manufactured by Messrs. Negretti and Zambra, 
London, were employed. One of them was a dial-thermometer which consisted 
of a bulb connected to the dial with a capillary tube surrounded by an insulated 
covering; the other was a thermograph. ,It carried two bulbs connected to a. 
self-recording arrangement with a capillary tubing, similarly encased. The self
recording clock-drum, set in a metallic container, was housed in a large wooden 
box specially made for the purpose. 

These inStruments were placed in a portion of the plot used for the study of the 
cotton crop. The dial-thermometer was used for recording temperature at a depth 
of fifteen CInS. and the thermograph, for depths of thirty and sixty cms. The 
thermometers were always checked before use every year and were kept horizon
tally in the soil at the required depths. 

In this way, records of the soil temperatures were maintained for a period 
of three years. In the following graph are shown weekly means of the maximum 
and minimum temperatures of the soil at the depths of thirty and sixty cms. only. 
It was not possible to get these temperatures at the depth of fifteen cms.; as in this 
case, the instrument used for this depth was an eye reading one. However, 
out of the four readings noted daily, Olle taken at 8 a.m. and another at 5-30 p.m. 
have been reproduced in the graph, as weekly means (Table Nos. 40, 40A and 41 
in the Appendix). These, therefore, show the maximum temperatures within the 
limits of the time indicated. 

GRAPH No. 14. 
Weekly mean maximum and minimum temperatures oJ the soil at depths oJ 30 and 60, 
ems. and tMweelcly mean temperatures at 8 a.m. and 5-30 p.m. at depth oJ 15 ems. 
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GRAPH No. 14-(contd.) 
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From these graphs, certain facts become at once evident. The behaviour 
of soil temperatures, in the layers under observation is similar in all the years and 
that the difference between the maximum and the minimum temperatures is gene
rally of a very small order, which becomes still less with increase in depth. 
Further, the lower layers of the soil always indicate a higher temperature and are 
liable to less fluctuations. 



27 

Bearing these facts in mind, we find that the cotton crop in this tract experi
ences a wide range of soil temperature during its career on the land. Soon after 
sowing, th~ soil war~ed up (900 1!'.) ~y th~ hot w~a~her of .April and May, gets cooler 
(82 0 E.) OWI~g to r~I~ and r~m&ms m th)~ conditlOn durmg th~ period of July and 
August which cOInCIdes WIth the seedling stage. From this time onwards the 
temperature steadily ascends (860 F.) till the third week of October, during ~hich 
time the growth of the plant gets accelerated and represents, roughly speaking 
the first half of the period of active vegetative growth. The temperature no"; 
declines at a rate which varies in different years, while the plant is still growing 
vigorously and producing and developing flower buds at a high rate. During flower
ing and in the early half of the period of boll development, lowest temperatures 
of the year prevail (740 F.) The temperature then slightly rises again (75.50 F.) 
over a period in which complete development of bolls takes place. Maturation 
of the boll occurs when the temperature rapidly rises. During harvesting, the 
soil temperature is comparatively high. The temperature of the soil in relation 
to the different stages of the plant gl'owth is well illustrated in the following table. 

TABLE No.9. 
Soil temperat'ure (tt different .stage8 oJ plant growth. 

Average temperature in Fahrenheit. 
Crop phase. 

Seedling •• 

First half of active vegetative growth 

Latter half of vegetative growth 

Flowering and first half of boiling period 

Second half of bolling period .. 

Harvest •• 

1929-30. I 

87 

81 

73 

75 

81 

1930-31. 1931-32. 

84 82 

87 85 

80 78 

75 74 

76 75 

81 82 

Mckenzie Taylor (1927) studied soil temperatures in connection with cotton 
grown in Egypt· and found that during the period of germination and increase 
in height of the plant, the soil temperature was rising. This observation is sup
ported by the results of our studies also. In the Broach cotton tract, as we have 
seen, the temperature of the soil at sowing is high and the period of active vegeta
tive growth of the plant also synchronises with the period in which the soil tem
perature steadily rises. He further states that" during the flowering period the 
shading effect of the plant increases so that the maximum soil temperatures are 
characterised by a continuous decline to an almost constant value." This agrees 
with the conditions of the maximum soil temperatures experienced in the Broach 
tract as noted in the preceding paragraph. Comparing the minimum soil.tem~r~
ture during the periods of branching and flowering in the two count~es, I~ IS 
noticed that the temperature is constant in Egypt, while in this country It dechn~s 
for over two months before becoming constant. Similarly, whereas the maXI
mum and minimum temperatures during the boll-maturation perio~. are constant 
in Egypt, they are rising. in . our tract. ,!,he. na:ture o~ the soil temyerature 
conditions in the two countnes IS thus not qmte slIIular at every phase of plant 
growth. 
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Influenceo! air Iemperatur6 0,. .,oillemperature. 

The chief source of heat governing the soil temperature at the depths occupied 
by the roots, is the Bun.· On this account, there is a. close resemblance between 
the temperatures of the air and of the soil (Graph No. 15). Till the end of October, 
the Soil temperature (whether maximum or minimum, as there is very small dille
rence between the two) moves in acoordance with the maximum air temperature. 
Hereafter till the end of February, it desoends like the air minimum. This 
difierence arises ohiefly on account of the fact that during this period, the soil lur
fa.ce is protected from the heat of the sun by the foliage leaves of the cotton crop. 

GlUPH No. 15. 
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GRAPH No. 15-(contd.) 
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. Of greater interest, however, is the important fact that the soil temperature 
18 found to be always lower than the maximum air temperature and always higher 
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than the air minimum. Keen and Russel (1921) observe that this is due to the roo 
markable property of the soil, by virtue of which the soil warms up more rapidly 
than it cools. 

Whatever causes affect the air temperatures, they a.lso affect the soil tempera. 
tures as well. Thus amongst the climatic factors, the effect of rainfall and the ab
sence of sunshine deserve special mention. As a result of the rains and the accom. 
panying phenomena of clouds, the temperatures of both the air and the soil are 
affected. In April and May, the soil acquires a tempcrature which is not less than 
90° F .. This is brought down to about 82° F., chiefly on account of the rains and the 
absence of sunshine during the rainy season. As the rains become scanty and 
the sunshine more frequent, both the air and the soil temperatures tend to rise dur
ing the months of September and October. In 1930, it rained from 10th to 15th 
September. This affected the rising soil temperature. Similarly, in 1931 the 
depressions in the weeks ending 23rd September and the 14th October were due to 
rains in those weeks. On account of these late rains for over 10 days after the 4th 
of October, the rise in temperature usually seen at this time of the year, was arrested 
in the midst of its career and the period of high temperature was, in effect, laterally 
shifted. 

The cooling effect of rain on the temperature of the soil is, however, not as 
great as may be expected. We have seen that the soil attains as high a temperature 
as 90° F. in the months of April and May and this is brought down during the rainy 
season to a temperature not below 82° F. This is due, in the main, to the fact 
that the soil is badly drained and once thoroughly wetted, additional rain water 
passes down with great difficulty. Thus, whatever quantity of water gets in 
towards the beginning of the rainy season, it exerts a cooling influence to the 
extent indicated. Hence, however heavy and continuous the rain hereafter, the 
temperature of the soil remains almost unaffected. 

The fluctuations in the maximum temperature after this period, have their 
reflex effect upon the tempeoratures of the soil as well. The rapid rise in the soil 
temperature which occurs from March onwards is mainly the response to those of 
the maximum air temperature. 

It may now be asked how it is that the lower layers of the soil are at a 
higher level in regard to temperature. Keen and !{,ussel (J921) point out 
that "the soil surface becomes hotter than the air but at a depth of six 
inches the temperature wave is so damped down that the maximum temperature 
of the soil is usually almost that of the air." For this reason, more than anything 
else, it would get still damped down at lower depths. The effect due to any change, 
in fact, occurring at the surface would get less intense before it is communicated 
to lower depths. Secondly, there would be some delay before it is exhibited 
by the lower layers. 

To sum up, we may state that the soil temperatures are closely related to those 
of the air and they, in their turn, are related to different phases of plant growth. 
}'urther, the early half of the vegetative period which falls soon after the cessation 
of rains and which determines both the nature and the magnitude of growth of the 
cotton plant, is characterised by higher soil temperatures. 

METHOD OF RAISING THE COTTON CROP. 
The cotton now grown in this tract-1027 A.L.F.-is a monopexlial type of 

Gossypium herbaceum. It is derived as recently mentioned by Burns (1931) from 
a hybrid, the original parents of which in the cross made by Gammie were 
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Goghari, a high-ginning short stapled variety of G. herbaceum and Kumpta-the 
G. herbaceum of the Southern Mahratta Country and was named 1027. By further 
selection, two types were evolved and were called 1027A long and coarse and 1027A 
long and fine. The final work was done by Patel, Cotton Breeder at the 
Agricultural Station, Surat, from the year 1917. Since 1919-20, three selections 
have becn grown pure by selfing and one of these selections, the sub-type 1027 
A.L.F., is now being extensively grown. The purity of this cotton is maintained 
by an organisation which provides for the supply of pure seed from the Agricultural 
Station, Surat, and by prohibiting the entry of cotton from outside the tract by 
legislative measures. 

The cotton crop is grown in rotation with the cereal crop of jowar (Andropogon 
sorghum) j the latter is grown either singly or with a sprinkling of tur (Cajanus 
indicus), a pulse crop of India. In certain localities and particularly in low lying 
areas, wheat is grown in the cold season, and in few cases, sesamum replaces jowar 
in the rotation. Jowar stubble which is unusually tall, being about 2 to 2t feet 
in height, is removed and the land is harrowed once or twice in April and May 
as a preparatory tillage before rains. Farm yard manure is applied, according to 
its availability, i~ the cotton year. Usually from five to ten cartloads (about 2t 
to 5 tons) of this manure are given per acre. The manure is carted to the field 
and dumped in heaps at convenient distances and is then broadcast as evenly as 
possible. 

Sowing of cotton is generally done in tbe last week of June or early in July, 
when sufficient rain to form a good seedbed has fallen. 

Being covered with fuzz and short hairs, cotton seeds get entangled. They are, 
therefore, required to be treated before sowing so tha~ the fuzz and the linters 
are either removed or glued down to the seed. The local practice is to dip 
the seed in a mixture of cowdung and water an4.then rub it against coir .I 

mattress of a country cot and pass seed through it. The seeds thus get perfectly 
separated and they no longer cling together. 

In sowing, the seed is dropped into the soil through a two coultered drill of 
twenty-four incbes width and covered over by a plank harrow. From ten to fifteen 
Ibs. of seed is required per acre. Of late, however, there has becn a tendency of 
wider sowing and also of dibbling the seed by hand. The rows are spaced about 
four feet apart and if dibbled, the spacing given is three feet all round. At the 
Agricultural Station, Surat, the practice is to sow the seed in dibbles spaced three 
feet both ways. About eight to ten seeds are dibbled per hole and the seedlings 
are steadily thinned, leaving finally a single stalk to grow per hill. 

The seed germinates and the shoot shows itself above ground after three or four 
days, depending on its position in the soil. Due to its hard coat an~ fu.zzy 
surface, the cotton seed must be surrounded with enough moisture for germmatIon. 
If this happens to be lacking either due to inadequate rains af~er sowing, or to 
the quick drying of the soil by the commonly prevalent heavy wmds or to the seed 
lying shallow in the soil, a number of seeds fail to germinate. One of the. reaso~ 
of using more seeds per hill is to provide for such ~haps. ~xc~ss of .mOlst~re IS 

also harmful ann if sowing is followed by heavy ralnB, germInatlOn fails owmg to 
rotting of the seed and the fields are then required to be resown .. In.years of ab
normally· heavy and continuous ra~all, ~owing e".en for the third time becomes 
necessary_ In low-lying areas, sowmg IS for this reason often delayed up to 
August and in some years even up to September. 



32 

. After successful ~e~mination, the young ~gs have to pass through. 
penod of adverse conditiOns. If overtaken by contmuoUB and heavy raina, many 
of them succumb to water stagnation.. The high winds of July and part of 
August prove another adverse factor arresting the growth of seedlings. Young 
seedlings are also often damaged by insects like the cricket. The result is that 
in spite of sowing a large number of seeds per dibble, a number of gaps are still notio
ed. In the south Broach tract, the most critical part in raising of the cotton crop, 
is the germination of seed and the establishment of the seedlings. Progressive 
farmers are steadily following the lead given by the Agricultural Station, Surat, 
in respect of dibbling the seed on small ridges to overcome the elIecta of water 
stagnation .. 

During August, when rains become lighter, it becomes possible to commence 
interculturing operations and one or two hoeings with bullock-drawn blade hoca 
are given. The fields are also hand-weeded once. In normal years the surface 
of the soil dries up quickly under the influence of the blowing winds, making it 
possible to interculture the fields with bullock-drawn implementa, even during 
small intervals of four or six days between two rainy periods. 

In September, interculturing is repeated two to four times, the last one being 
carried out with a heavy type of blade harrow which penetrates the soil to a depth 
of about 3 to 4 inches. The fields are again hand-weeded in this month. The 
small ridges are now broken in cross intertillage. In years of continued late rains, 
the September operations are delayed and are finished at the earliest opportunity 
in October. Interculturing is completed for the season by running a small 
wooden plough between the rows which penetrates to a depth of about four to five 
inches. The crop needs no further cultivation or attention till the time of harvest. 

On account of the adverse conditions both of the soil and the weather, caused 
by wet-conditions, high winds and absence of sunshine, the growth of the 
seedlings is arrested during July and August. Growth gets accelerated some 
time in September or even as late as October and then the plant grows rapidly and 
produces the bulk of its total expanse during the months of October, November and 
the first half of December. It is about the first week of September, when the plant 
is still progressing slowly in its development, that the first fruiting branch arrives 
on the main-stem. Flowerbud production continues and attains high magnitudes 
as the plant expands during October to December. These begin to bloom into 
flowers from mid-November, reaching the maximum rate of flowering some time 
in December. Flowering ceases by about the end of January. Bolls develop 
during December to February and 'the crop becomes ready for harvest in 
March. Cotton is generally picked in three Iota at intervals of about a fort
night each. About sixty per cent. of the crop is removed in the first picking. The 
produce of the last lot is generally of a poor quality comprising the late and under
developed boI!s. 

PESTS AND DISEASES. 

The normal growth behaviour of the plant in this tract is, however, greatly 
disturbed by the damage of an insect which is a contemporary organism associate~ 
with the cotton plant. It is popularly known as t~e .Spotted ~oll-Worm a~d.lI 
identified as Earias fabia and Earias insulana. This lnBect begms to grow mit. 
population as more food becomes available. In its early broods, it mainly fee<.W 
on the tender shoots both on the main stem as well as on the branches. As flower. 
buds become available it tran.~fers itself to those organs. ffitimately with the 



PLATE No.1. 
Plants damaged by the 8pOtted boll-worm. 

Plant8 not damaged by the 8pO.' ed boll·worm 
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availability of flowers and young bolls they are also attacked. The spotted boll. 
worm is an important environment of the cotton plant in this locality and has 
called for considerable attention in regard to the effects of its damage to shoots 
flower.buds,flowers and bolls in parts to follow. ' 

The result of the damage by this pest is not destructive to the plant as a whole 
as happens in the cases of the stem· borer and wilt. Damage to shoots deforms the 
plant scaffolding and causes variation in the manner of branching and final form. 
(Plate No.1.) Damage to flower· buds results in their shedding and thereby prolonging 
plant. growth and delaying flowering and harvest of the crop. Bolls injured by 
the caterpillars of the pest also shed in young stage. Older bolls when damaged, 
are retained on the plant but the injury results in destroying the produce of one 
or more loculi of the affected boll. The total effect of the damage by this 
insect is to lower the yield of the crop varying from twenty to fifty per cent, 
depending on the degree of infestation and the period of its activity. 
Normally, the population of the insect rapidly declines from mid·December, either 
owing to severe cold that sets in or,' as is believed, to the attack of some 
parasites. 

There is another boll·worm that is almost of annual occurrence. This is po· 
pularly known as the pink boll·worm (Platyedra gossypiella·Saund). The pest 
appears late in the season when bolls are forming and feeds on the seeds and is 
responsible for staining the lint yellow. 

The shoot roller (Phycita infusella-Meyr) is another insect, which prevails 
from July to September. The insect rolls up the leaves of the shoot and destroys 
the young growing bud. The result is that the main axis of the plant gets pruned 
at this point. 

Other insects that are prevalent on cotton in this tract are the aphides, dusky 
cotton bug (Oxyceraenus laetus, Kirby), red cotton bug (Dysdercus cingulatus, 
Fabr), woolly mite (Eriophyes gossypii) and the stem·borer (Spenoptera gossypii). 
All these do some amount of damage but their incidence is not high. The aphides 
are generally kept under control by their natural enemy, the lady. bird beetle. 
The dusky cotton bug appears on bolls that open prematurely and sucks up the 
contents of the seed. The red cotton bug feeds generally on the green and ripe 
bons by sucking out the juice. The woolly mite prevails from August to December 
and the leaves of the affected plants become ashy white in appearance. (Thakar 
and Desai-1929.) On this account the pest is locally known by the vernacular 
name of "Chhasio" meaning thereby, white as butter·milk. The stem·borer is 
found in the stem at the level of the soil and the whole plant wilts as a result of 
its damage. The number of plants that fall victim to this insect is generally 
insignificant. 

Among diseases, wilt (Fusarium spp) is by far the most severe ~ut its rav~ges 
are restricted to the Broach tract, north of the river Nerbudda. It 18 Dot a. senous 
trouble in the Surat tract. Dwarfing of leaves is another disease that is noticed 
here and there in cotton fields but its incidenoe is negligible. 

6 



SilllMARY. 

This chapter gives a brief history of the origin of the cotton plant under study 
and describes the soil; Illria! and biological enviromnent in which it is grown and 
the method of raising the crop. Ample evidence is cited to show that the BOils 
in the Broach cotton tract have a fine texture and are deep, homogeneous and reten
tive of moisture. . It is suggested that they are most suited for deep.rooted crops 
like cotton which depend entirely on moisture reserves of the soil. A short ac
pount of the agricultural chemistry of these soils is given to show that they 
manifest no unusual deficiency of any of the mineral ingredients required by the 
plant except the organic matter and the resulting nitric nitrogen. 

: Data on soil temperatures and on climatic factors such as air temperature, 
humidity, wind velocity and the desiccating power of the atmosphere are presented. 

Insects which grow contemporaneously with the plant and feed upon it are 
mentioned and a short description' of each is given. Among these insects, the 
spotted ,boll-worm is the most serious and damage done by it to shoots, tlower~ 
buds and bolls is emphaSised~" . .. . . . 



CHAPTER m. 
DEVELOPMENT OF THE COTTON PLANT UNDER CROP CONDITIONS. 

It may be recalled that cotton is sown towards the end of June or early in July 
when the soil becomes sufficiently moist to form a good seed-bed and that about ten 
seeds are dibbled per hill. Within four to five days from sowing, shoots come above 
ground and when the seedlings get a firm footing in the soil, they are thinned from 
time to time. Thinning operations, though often delayed owing to wet conditions 
of the soil, normally extend over the months of July and August. In some years, 
however, the last thinning is required to be postponed to even as late a period as 
the end of September. The first thinning is done when the seedling produces about 
three leaves at which stage four to five plants are retained per hole. When from 
five to six leaves are produced, the second thinning is carried out leaving about 
three seedlings per hole. The third thinning is generally the final and this is done 
when the growth extends to about ten nodes on the main axis. This time, only 
one plant is left per hole. 

In this way, out of a number of seedlings, only the best and the most pro
mising happens to be ultimately retained and allowed to carryon further growth 
till the time of crop matul'ity. It is on these plants that the studies incorporated 
in this volume have been carried out. The dates of sowing and thinning for a period 
of eight years are embodied in the following table. . 

TABLE No. 10. 
Dates of Bowing and thinning for a period of eight years. 

I I 
Date of thinning. 

Year. Date of sowing. ----.....:..,------,--------;------. 
L II DL IV. 

1924 .. 28th June. 21st July. 4th September. .. . . 
1925 .. 3rd July.' 26th July. 6th August. 27th AugUst. .. 
1926 .. 40th July. 2nd August. 21st August. 24th September. .. 
1927 .. 2nd July. 12th July. 20th July. 17th August. 27th August. 

1928 .. 7th July. 23rd July. 9th August. 18th August. 23rd August. 

1929 .. 15th July •• 31st July. 12th August. 26th August. .. 
1930 .. 26th June. 18th July. 2nd August. 26th August. .. 
1931 .. 2nd July., 23rd July. I 22nd August. 1st Septembet. 10th September. 

• Resowing was required to be done owing to heavy rains that folIowed .the fimt BOwmg 
done on 25th June. 

The dates chosen for the commencement of our studies entirely depended on the 
last' date of the thinning and the accessibility of the: fields. On thiS acco~t, the 
data on the growth of the cotton plant during ~he .mterval between the tune of 
germination and the commencement of our studies ill Septemb?r t? Octeber,'ru:e 
wanting. Nevertheless, it will be evident from the records .ma~tam~d . after t~ 
period that the amount of ~rowth Fut forth by the seedlin~s ill this .nterv{l.llS 
e~tremely smaU, 
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A. DEVELOPMENT o:r TBlI BOOT SYSTEK. 

The study of the root system presents many difficulties. In the first place, 
it cannot be confined to the same plant throughout the season, as in the prOCeB8 of 
excavation the plant is destroyed. This involves & frequent change of plants 
under study. Error due to variations in sampling, therefore, usually occurs which 
could only be minimised by taking a large number of plants for excavation every 
time. This is, however, not possible as the task of exposing the entire root system 
of a plant like the Broach cotton, which spreads its roots deep and wide, is very 
laborious and time.taking. Secondly, it is exceedingly difficult if not impos
sible to secure all the finer rOQts which take part in the physiological process of 
absorption. 

In view of these difficulties, present methods of excavation are anything. 
but perfect, and give only a qualitative knowledge of root growth during the crop 
season. Our studies in this field have, therefore, suffered a good deal under these 
handicaps; nevertheless, they have enabled us to understand the inter-relation 
existing between the growth of the root and shoot. 

(a) Method 0/8ampling. 
About 100 plants were ear-marked in a comparatively big plot for purposes 

'of root study. These plants were situated at a distance of fifteen feet from one 
another. This distance was maintained in all years to avoid the undesirable effect 
of water used for facilitating root excavation, on the neighbouring plants meant 
for this study .. A specimen arrangement of these plants is shown in the following 
diagram:-

DIAGRAM No.1. 
Specim,en arrangement 0/ plants earmarked lor root study . 

.. . 

. . . 

.. ·0· 

~I == Plants eannarked for root study. -



PLATE No.2 . 

.i.lJethod of tracing a root-lateral. 
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It has been our experience in earlier years that in the selection of representative 
plants for this study or any study in fact, errors due to personal factor are invariably 
introdu~~. The~e were, however, reduced ~ a minimum value by the process of 
random18mg. This was effected by numbermg the plants set aside for this work 
from which plants for root excavation were taken by lot.drawing. Sometimes, 
either a very poor or a vigorous plant may appear in this selection. In such cases 
it has been our practice to reject it altogether and select another immediately in i~ 
neighbourhood. 

(b) lJletiwd 0/ excavating the root B1jstem and 0/ recording the root data. 

The method of exposing the root system by washing with a jet, followed by 
Howard (1925) and other earlier workers, is not suited to conditions of the soil in 
this tract, which is clayey and extremely sticky. It does not, therefore, easily 
yield to washing with a jot. The trench system recommended by Weaver (1926) 
is also not entirely applicable here, as it is difficult to estimate the distance 
between the plant and the trench. We have, therefore, modified these methods 
to suit our conditions. 

After a. number of trials, it was found that the best way of exposing the root 
system and of procuring the maximum number of finer roots, was to water the plant 
profusely about sixteen hours prior to excavation. This is done by scraping the 
soil into a ridge running round the plant with a radius of about four feet. Water 
is then poured into it, the previous evening and allowed to percolate into the soil 
till the next morning when the root excavation is started. This softens the soil 
and facilitates its easy removal both by hand and the hand-tools without much 
loss of finer roots. 

The soft surface of the soil is first removed until about four to six laterals 
are struck. The uppermost branch is then carefully disentangled from the 
adhering earth and gradually traced to its extremity with the aid of hand-tools. 
During this process, measurements of its length, its depth of origin on tap-root, 
depth of its extremity, positions of the roots of higher orders arising from it, 
direction of growth, etc., are recorded from time to time in a register specially designed 
for the purpose. The different entries made in this regard are all shown in the two 
specimen pages reproduced in Table Nos. 42 and 43 in the Appendix. When all 
the details of anyone branch are recorded, it is cut off from the tap-root (Plate 
No: 2). The next branch is then taken up and similarly traced. In this way, 
all the laterals are separately exposed and their details recorded. Finally, 
the tap.root is removed with as much care and patience as is exercised in the pre. 
vious cases. It may be mentioned that breakages do occur during the process of 
excavation but broken parts are easily linked up by a practised hand. The roots 
removed from time to time are collected in a. metallic container for recording their 
dry weight. 

It is necessary to point out that in the latter part of the season ~ny root. 
lets shrink and die and are, therefore, lost during excavation. On this account 
lower values are frequently obtained for progressive figures of the rootlets in this 
part of the season. 

Such critical study of the root system is a. task of no small magnitude. Even 
with trained hands it is difficult to excavate more than one or two root systems 
per day during the' earlier days of growth. Later, when the plant attains its full 
stature. increasing difficulties are encountered and only four systems can be removed 
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per week. TIle reBllIts' of the week are then put together and their average values 
are recorded against the central date of that week. 

These figures, therefOJ:,e, give only a rough idea of periodical development of 
the roots and their downward movement in the lower reaches of the soil. Hence, 
they are the nearest approximation to the actual values and will have to be 
interpreted with sufficient caution. 

(c) Genera18tructure 01 the root 8Y8tem. 
. With a spacing of three feet by three feet, the plant under study produces & 

fairly deep and extensive root system. It reaches the depth of about 150 cms. 
and spreads laterally over a distance varying between 100 to 150 cms. It consists 
of the tap-root and a number of primary, secondary, tertiary and quarternary 
branches which differ both in'number and dimensions. 

A large proportion of the primary branches arise on the tap-root within a 
comparatively short distance of about thirty cms. from the surface of the soil. 
After growing horizontally to varying distances, they bend obliquely and then 
descend vertically to varying depths. A few of these, however, penetrate the soil 
to a depth reached by the tap-root. As they grow; they give rise to. branches of 

FIGURE No.5. 
Tapering 01 the tap-root below the zone oj the primary branche8 • 

. . 



PLATE No.3. 

A typical root system exposed in situ. 
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the second order and they, in their·turn, to branches of the third order and so forth. 
The newly formed roots spread in different directions and at different levels in the 
soil. Thus, the whole root system of the cotton plant occupies a very large volume 
of the soil. (Plate No.3.) 

(d) Development oj the tap· root. 

The tap. root, after penetrating the soil for some distance, gives rise to lateral 
branches which for the most part are crowded within the distance of about thirty 
ems. from the soil surface. On this account, it is comparatively very thick up to 
this depth. Just below this zone, it suddenly tapers and is then only as thick as 
some of the primary branches. (Figure No.5.) Indeed, below this level, it could 
hardly be distinguished from the laterals unless by its central position. But 
even this distinction proves to be of no avail if one of the laterals gets as strong and 
runs parallel to it. (Figure No.6.) 

FIGURE No.6. 

A root brancA as strong as and running paraUel to the tap·root. 
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FiGURE No.7. 

The tap·root greatly diverted to one Bide. 

emS'f"~ __ ~L-__ ~a-____ ~ ____ ~ ____ ~~ 

FiGURE No.8. (I, II and III). 

The tap-root and its branches. 

{See the laterals on the tap·root, concentrated in thefirBt 30 ems. depth., 
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Diameter of the tap-root at the surface of the soil varies in different years from 
1'2 to 1'8 cms. (Table No. 44 in the Appendix). This is its maximum diameter 
in the season and is attained towards the beginning of the flowering period. 

The downward movement of the tap-root is several times deflected, if any 
obstructing material happens to lie in its way. In such cases, it bends and again 
takes a vertically downward course. (Figure Nos. 7 and 8-1.) Occasionally, the bend 
is very sharp and the root gets deflected from its normal position (Figure No.8-III). 
At times, it is damaged in its downward career and a lateral branch immediately 
above the point of damage grows in thickness and looks like the tap-root. 
In other cases, the tap-root shows a pseudobifurcation caused by the parallel 
development of the lowermost primary branch (Figure No.8-II). 

The rate of downward march of the tap-root differs in different years (Graph 
No. 16 and Table No. 45 in the Appendix). Till about. the middle of September, 
it grows to a depth of forty-five to fifty cms. After this period, the rate of growth 
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GRAPH No. 16. 

Depth in centimeters reached by the tap-root in different years. 

(Average of 4 to 5 plants.) 
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varies considerably. The depth reached by it at the end of the Be&8on in di1ferent 
years, is about 150 ems. and varies within a narrow range of only eleven ems. In 
individual cases, sometimes, it has been found to penetrate the soil to a depth of 
210 to 240 ems. 

Root studies were also carried out in the years 1926·27 and 1928·29 in plots 
situated away from the area. used for this purpose in the succeeding years. In 
1926·27 the maximum depth reached by the tap·root was 187 ems. and in 1928.29 
it was 127 c.ms. only. 

The length of the tap-root always exceeds its depth (Table No. 46 in the 
Appendix). The reason is that the tap-root bends at several places during its 
downward course and thus increases in length. 

(e) Boola o/theftr8t order. 
Out of the fifty to sixty lateral branches which arise on the tap.root by about 

the end of October, about twenty grow (Table No. 11), and form the aca.fIolding 
of the root system. The rest of the branches do not elongate to an appreciable 
extent and do not therefore add much to the general frame-work of the root 
system. 

Period ending. 

.. 

30th September .. 
14th October .. 

28th October .. 

14th November .. 
25th November .. 
9th December .. 

TABLE No. 11. 

Number 0/ primMY roola on the tap·root. 

(Average of 4 to 5 plants.) 

1929-30. 193G-31. 

Large.lsmau.ITOtal. Large·lsman·ITotal. 

.. 13 I 25 38 11 24- 35 

.. 12 42 54 "15 34 49 

.. 15 42 57 23 33 56 

.. 16 42 58 20 31 51 

.. 16 45 61 25 35 60 

.. 17 29 46 24- 33 57 

(For fuller details, see table No. 47 m the Appendix.) 

1931-32. 

Large·lsman·ITotal. 

.. .. .. 

.. .. .. 
13 29 42 

17 29 46 

21 30 Iii 

23 30 63 

Most of the large laterals originate within the depth of thirty ems. from the soil 
surface (Table No. 12). The density of the primary roots abruptly falls below 
thiS level •. 



. TABLE No. 12. 
Number of primary roots on the tap-root. 

(Average of 4 to 5 plants.) 

1929-30. I 

43 

1930-31. I 1931-32. 

Distance belo,," the Burface of the Boil. 
ems. Count taken in December when the 

production of branches ceases. 

o to 5 " .. " .. .. " 0·6 2'8 I .. 
I 

6 to 10 " .. " .. .. " 4·6 4'0 6·6 

11 to 15 " .. .. .. '. .. " 3·6 4'8 3·6 

16 to 20 " .. .. .. .. " 2·4 2'8 2·6 

21 to 25 " .. .. .. .. " 1·6 2'2 3·8 

26 to 30 " .. .. " .. " 1·2 i 0'8 3·2 

31 to 35 " .. .. ". . . " 0·6 0'8 0·8 

below 35 " .. .. .. .. " 2·6 6'2 2·8 

Total " 17·2 24'4 23·4 

The fully developed primary roots, especially those nearer the soil surface, grow 
horizontally to various distances on all sides of the plant. The expanse increases 
with advance of plant growth and after about the end of November very little lateral 
extension takes place (Table No. 13). The roots after the close of the monsoon 
bend obliquely and ultimately take to vertically downward course in the soil 
and thus put a limit to their horizontal spread. 

End of August 

End of September 

End of October 

End of November 

End of Dece!llber 

Period. 

TABLE No. 13. 
Horizontal spread of root-laterals. 

1926-27. I ems. 

81 

120 

160 

1928-29. 1929-30. 
ems. cms. 

55 

90 40 

143 92 

175 108 

166 116 

Although the production of roots of the first o~der 1?ractically c~ases ~y about 
the end of October, their elongation and increase ~ t~lckness contmue till about 
the end of December. This is evident from the perIodical total length of all large 



GRAPH No. 17. 

Total length in C11I8. of large root8 of the firBl and 8econd order •• 
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roots belonging to this order (Graph No. 17 and Table No. 48 in the Appendix). 
Their total length during the course of development varies a good deal from season 
to season. Thus in 1931, t;heir elongation was delayed. The same thing also 
happened this year in the case of the tap-root. The total length towards the 
end of the season, however, was fairly constant in all the years. 

(f) Boot8 of the 8econd order. 

Roots of the first order give rise to those of the second order. Their total 
production varies widely from 350 to 500 in different years and remains in progress 
till as late as the end of December (Table No. 14 and Table No. 49 in the Appendix). 
Like the primary roots, all the roots of this order do not develop to the same extent. 
Only a few (from eleven to thirty-five) of these grow large enough and give rise 

. to roots of the third order. 
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TABLE No. 14. 
Numher oj the roota oj the second order. 

1929-30. 1930-31. 1931-32. 

Period ending. 

I I I I I Large. Small. Large. SmaIl. Large. Small. 

30th September •• .. 2 202 7 94 .. .. 
14th October .. .. 4 232 15 161 .. .. 
28th October " 4 243 14 256 7 103 
lith November .. .. 5 258 17 188 17 219 
25th November .. .. 5 222 26 287 24 237 
9th December .• .. 7 263 35 267 30 274 

23rh December .. .. II 282 32 316 29 241 
6th January .. .. 6 468 .. .. 34 316 

The total length of large roots varies from 550 to 1,600 cms. (Graph No. 17 
and Table No. 50 in the Appendix.) Their growth, both in length and thickness, 
practically ceases in the latter part of December. 

The most important point to be noted in this order is the magnitude of pro
duction of small roots. Although they do not develop and produce further frame
work, they are nevertheless very important in as much as they have, at one time 
or another, assisted the plant in the process of absorption. Just as the roots of the 
first order build up the frame-work of the root system, roots of the second order 
constitute its absorbing surface. 

(g) Roots oj the third order. 
Roots of the third order arise on the roots of the second. Their production 

continues till about the third week of January. (Table No. 15.*) Compared with 
the roots of the second order, the total number of these roots is very small though 
it considerably exceeds that of the first. The importance of these roots lies in 

Period ending. 

30th September .. .. 
14th October .. .. 
28th October .. .. 
11th November .. .. 
25th November:. .. 
9th December .. .. 

23th December .• .. 
6th January .. .. 

20th January .. .. 

TABLE No. 15. 
Average number oj roots of the third order. 

(Average of 4 to 5 plants.) 

i929-30. I 1930-31. 

I I 
I Large. Small. Large. I 

Small. 

.. 25 I 32 

.. 67 3 136 .. 38 2 96 

" 62 ·3 93 
.. 53 7 ll8 
.. 85 8 206 
I ll3 3 195 

'" 94 9 164 
I ll4 5 236 

I 1931-32. 

I Large. I Small. 

.. .. 

.. .. .. 38 
2 ll8 
4 97 
3 177 
4 104 
3 136 
5 165 

the fact that they are comparatively young and add materially to the absorbmg 
surface specially during the later stages of boll de~elopment. . . 

• For fuller details, see table No. 61 in tho appendix. For lengths of the roots of the 
3rd order _ table No. 52 in the appendi:l:. 
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Roots of the fourth order are generally very small in number (Table No •. 53 
and 54 in the Appendix). None of them ever grow large enough to give rise to root. 
of higher orders. Due to their late arrivals, they are of immense use to the plant. 

(h) Total number oJ roota oJ aU order,. 
Although no data. were collected during the seedling phase, the total number 

of roots of various orders produced till the end of September indicate. that the root 
system is active during all this time and comprises 150 to 250 small and large brall
ches; The production of these roots extends over a. period of six· months (Table 
No. 16 below and No. 55 in the Appendix). By about the end of December to the 
latter half of January, both their~roduction and increase in their length (Appendix 
Table No. 56), practically ceases. Growth of the tap-root in regard to its length 
also stops by this time. 

TABLE No. 16. 

Total production oJ roota in different yea". 

1929-30. 1930-31. 1931··32. 
Period 

Large. I Small. \ Large. I Small. I I smau·1 ending. Total. Total. Large. Total. 

30th Sep-
tember •. 15 251 266 19 151 170 .. .. . . 

14th Octo-
ber .. 16 344 360 33 353 386 .. .. . . 

28th Octo-
ber .. 19 323 342 39 398 437 21 174 195 

1 IthNovem-
ber .. 22 361 383 40 319 359 35 376 411 

25th Novem· 
ber .. 21 320 341 58 464 522 50 378 428 

9th Decem-
ber .. 24 380 404 68 529 597 57 499 556 

23th Decem-
ber .. 28 438 466 56 586 642 55 386 441 

7th Janu-
ary .. 27 617 644 61 480 541 65 492 557 

21st January 30 584 614 59 613 672 59 501 560 
3rd Febru-
ary .. 32 638 670 52 581 633 50 409 459 

. . The num,ber-of roots produced during the season oscillates between 550 to 650 
and denotes to some extent the absorbing surface. Out of these, from thirty to 
sixty grow in length and thickness. On this account, they constitute both the 
frame-work and conducting channels of the root system. Their total length varies 
widely from 1,900 to 3,600 cms. (Graph No. 18). The rest of the roots are spread 
over all this length. 

It appears, therefore, rather difficult to aBCf'rtain prec~ly the soil zone in which 
the majority of the roots feeds. It will, however, be eVIdent from the figures of 
root-tips (Table No. 17) of the large laterals, that this zone lies between the depth 
of ten to forty ems. 



GRAPH No. 18. 

Total length of the large root8 of aU order8 put together. 
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'fABLB No. 17. 
Percentage 01 tke total number 01 tip8 01 large root branchu lound in diJlere"" layers. 

Percentage of the total number of root-tips 

SoillayeI'B in ems. 
of large branches. 

1920-30. I 1930-31. I 1931-32. 

0-10 .. .. . . 2·8 3·3 2·3 

11-20 .. .. .. 20·5 25·9 17·5 

21-30 .. .. .. 23·8 18·5 20·0 

31-40 " .. .. 15'5 10'0 1',9 

41-50 .. .. .. 9·3 6·8 10·1 

51-60 .. .. . . 6·2 6·' 7'5 

61-70 .. .. .. 5·1 5·3 7·0 

71-80 .. .. .. 3·0 '·1 II-! 

81-90 .. .. .. 3·1 4·7 /S., 
91-100 .. " .. 3·8 5·8 '·6 

101-110 .. .. .. 1·9 3·2 2·2 

111-120 .. .. .. 2·8 2·3 1'6 

Below 120 .. .. .. 2·2 3·7 0·8 

Below the depth of forty cms., the density appreciably dwindles. Thus, about 
sixty per cent. of large laterals of whatever order, are confined to a. depth of forty 
cms., while the remaining forty per cent. are spread over the rest of the depth which 
exceeds 120 cms. As the small roots or rootlets originate from these roots over the 
whole of their length, the general distribution of the total roots formed becomes 
at once evident. 

From the foregoing, it will be apparent that the root system of the cotton 
plant under normal conditions is deep and extensive and on this account occupies 
a very large volume of the soil. Further, the feeding zone of the greater part of 
roots lies within the shallow depth of forty cms. 

B. DEVELOPMENT OJ!' TUB SHOOT. 

The shoot grows monopodially and gives rise to leaves in acropetal order. It 
produces two kinds of branches, the monopodia or vegetative branches and the 
sympodia or fruiting branches. Monopodia! branches arise from axillary position 
and the sympodia spring up from extra-axillary positioQ,. 

(a) The stem and its system 01 branching. 
The first sympodial branch arises from a definite node on the main stem, which 

varies in different species. (Leake 1909.) Branches arising below this node always 
grow monopodially and are known as limbs. Once the sympodial branch arises, the 



PLATE No.4. 
BRANCHES IN COTTON. 

The plant defoliated to 8how the three types of branching. 
(The organs on the branches are buds and bolls.) 

A. = Monopodia or limbs. 
B. = Sympodia. 
c. = Auxiliary branches. 
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system of branching is altered. Hereafter, all the successive nodes give rise to sym. 
podia! branches, though the production of monopodia continues to a few more nodes. 
The monopodial branches arising along with the sympodia from the Bame node 
are called auxiliary branches, in contrast to the limbs which are situated below 
the first fruiting branch (Plate No.4). 

Normally, one branch of one kind is produced at each node. Sometimes two 
branches of the same kind may arise from the sam~ node. The second branch 
in that case is generally smaller and is called the accessory branch. 

Monopodia just behave like the main stem, giving rise to secondary monopodia. 
and to secondary sympodia. In this way, branches of higher orders are produced. 
The limbs are well developed and generally grow obliquely upwards to a length 
of about ten to sixteen nodes. The auxiliaries, as they appear later are compara. 
tively small and have seven to nine nodes. 

The sympodia on the main stem, grow horizontally to a length of about four to 
seven nodes, each of which gives rise to a flower· bud. The number of nodes steadily 
falls with increasing height until at ).ast two to three sympodia at the top are 
reduced to only one node. 

The total number of branches per plant varies over a wider range. In the 
majority of cases, however, it fluctuates between twenty. two and forty. two (Table 
No. 18). Plants having less than ten branches and more than fifty are not commonly 
met with. 

Cl ass value 
number 
branches. 

Frequency 

F requency 

TABLE No. 18. 

Frequency of plants according to total number of branches. 

1923-24. 

of 1 6 .510.514.518.522.526.530.534.538.542.546.5 

~I . 50·5 54·5 

I 
.. 4 

3\ 
5 2 11 17 14 17 12 10 3 1 .. 

1924-25. 

.. .. 1 4 2 3 1 5 6 6 6 7 5 3 

Year. Mean. S.E. of 

1923-24-
1924-25. 

7 

29·85 

36·9 

mean 
1·00 

1·75 

55·5 Total 

.. 99 

1 50 
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All the auxiliaries and the'limbs are not effective· (in the sense of producing 
at least one flower-bud). The lowest one or two limbs are very small and hence 
not effective. It is only the upper limbs a~d the lower auxiliaries that generally 
give rise to flower-b-q.ds. 

On an average, the plant produces seven effective limbs, seven effective auxi
liaries and ten sympodia (Table No. 57 in the Appendix). The number of each of 
these branches varies considerably from season to season and also from species 
to species. Patel (1924) studied the behaviour of this character on this cotton 
from 1919 to-1921 and found the number of limbs per plant was six in the first year, 
seven in the second year and seven to eight in the third year. The fact that the 
number of effective limbs is constant from season to season, indicates that the 
damage done to the main shoot by the boll-worm generally occurs above the zone 
of the limbs. The number of the sympodia and auxiliaries, however, varies from 
plant to plant depending upon the height at which the main stem happens to be 
pruned. (Table Nos. 58 and 59 in the Appendix.) 

It has been pointed out that the first sympodial branch arises from a definite 
node on the main axis, which varies within a small range of thirteen to eighteen 
from season to season and which has been found to be a hereditary character. 

TABLE No. 19. 
Mean number oj the node at which the fir8t Jruiting branch ar08e on -,he main ,tem 

in different year8. 

Years. 11923.11924.11925.11926.11927.11928.11929.11930.11931. 

N~:~e; of plants under 1 93 I 58 I 8 1 10 1 19 I 18 1 17 I 1; I 11 

Melm number of the node on 16·7 17·4 13·4 ]8·7 16·8 15·3 14'0 ]6·1 17·8 
the main stem at which the 
first sympodical branch ap-
peared. 

(Table No. 19). In the majority of cases, it oscillates between sixteen to eighteen. 
These observations substantiate the findings of Patel (1924) who fixes the range at 
fourteen to nineteen. 

From this study it will be evident that the cotton plant is characterised by a 
di-morphic system of branching consisting of the monopodia and the sympodia 
which materially differ from each other in their respective functions as they do 
in their manner qf growth. The ;monopodia represent the vegetative branches 
of the plant and give rise to flower-buds after the production of sympodia which 
directly produce the fruiting forms. 

(b) Growth oj the main 8tem. 
It may be recalled that quite early in the season, when the plants are 

only fifteen to twenty cms. in height, the shoot-roller appears and feeds upon 
terminal buds. In so doing, it rolls up the uppermost two or there leaves of 
the shoot with the result that it withers and its further growth is stopped • 

• The word .. effective" will be used in this senso hereafter. 
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The insect continues the damage during August and September. While the shoot. 
roller is active, the population of the spotted boll-worm steadily increases. 
The caterpillar of the spotted boll-worm either feeds on young buds or bores its 
way into the stem through the axil of the second or the third leaf of the shoot and 
feed,s inside. On this account, the portion of the shoot above the point of injury 
always withers and further growth of the main axis is arrested. The boll.worm 
is active on shoots of the stem and branches from mid.August to November. 
During this time most of the plants are attacked in their main axis at one time 
or another. Under crop conditions, therefore, only a few plants escape 
damage and grow to their normal height. 

As the main stem happens to be damaged at different times in the season, its 
growth is arrested at different heights (Table No. 20) which vary over a very wide 
range from five to hundred· and-five ems. The majority of plants-nearly 

TABLE No. 20. 
Frequency distribution of plants according to height of the main 8tem in centimeters, 

under crop conditions. 
1923·24. 

Cla88 value. 
Height In ems. 1 51151251351451551651751 ~5195110511151125ITotal·IMcan·1 S. E. 

N-lIm-be-r o-fPI-ante--·-i-·1 1 I 51 51 7115123118 I 91 61 71 31··1 .. I 99 l57'8 12'22 
Per cent. .. ··ll'015'115'117'1115'2123'211~'21 ~'116'117'113'ol .. I " I .. I .. I .. 

1924-25. 

Per cent ... .. I .. 
seventy per cent-are checked in the growth of their main stem by about the end 
of October, i.e., within four months after the date of sowing (Table No. 21). The 

TABLE No. 21. 
Age of plants in weeks at which the elongation of the stem is arrested. 

1923-24. 

N 
I 

u I ':1'7: r l-:7j';· 21 22 23 Mean. umber of plante under ,. 8 9 10 17 18 19 20 count. 

99 I .. 1 .. 1 .. I 31 1 I 51 4111 120 112 130 I 71 61 .. I .. I .. 116
'6 

S. E. of Mean. 0'23 

1924-25. 

S. E. of Mean. 0'39. 
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mea~ heig~t of the stem di1lers in different years and depends upon the earlineaa 
and IntensIty of the damage. (Table No. 22). In 1923·24, the mean height WIUI 

57·8 ems., while in the following year, it was 65'S ems. In the latter year, the 
boll-worm appeared rather late and the attack was also less virulent. The mean 
height of the main stem during the last nine years has varied from 33'S to 65'5 
and the average for all these years works up to 51'6 ems. 

TABLE No. 22. 

Mean height o/the main 8tem in different year8. 

Yeam. 1925·26. 1926·27. 1927·28. 1928·29. 1929·30. 1930·31. 1931·32. 

Number of plants under 10 10 20 20 18 20 20 
growth study. 

Mean height in ems. of the 
mamstem. 

34·4 511·7 52·3 57·0 52·3 52·5 33·8 

. 

Standard error of the mean .. 2·03 9·28 2·89 4·44 3·83 3·69 I 3·12 

. The damage done to the main shoot has its effect upon the production a.nd 
growth of the later branches. These grow to different lengths depending upon the 
age at which the stem happens to be arrested in its growth. If attacked at an 
early stage, the limbs grow more vigorously and the plant presents a more or less 
truncated appearance j if later, the sympodial and monopodial branches show 
extra growth and the plant looks cylindrical j if damaged at an intermediate stage, 
a roundish form is attained. The plant thus assumes different shapes under 
varying degrees of stimulation (Plate No.1). 

(c) Leal production. 

It has already been stated that leaves are produced from the nodes of the stem 
and branches whether monopodial or sympodial. Their periodical average pro
duction per plant for nine years is shown in Graph No. 19 (Table No. 60 in the Ap
pendix). Leaf production begins to rise some time in September and terminates 
by about the end of December. It is thus in progress for nearly six months from 
sowing. The most active production, however, occurs during October a.nd Novem
ber in which nearly seventy per cent. of the total number of leaves on the plan, 
are produced (Ta.ble No. 23). 
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GRAPH No. 19. 

The number 0/ leaves produced periodically lor nine years. 
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• During the years 1923.24 to 1927-28 (both inclusive) counts in the latter half of the season 
w!lre taken fortnightly as due to increased size of the plant, weekly counts could not be coped 
WIth. In drawing the curves of those years, the fortnighbly. counts have beEon halved to get; 
weekly figures. The Bame prooedure has been followed with regard to the other oharacters. 
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, TABLE No. 23. 
Percentage oJ the totalleaJ production in different perioda. 

Year. 'JUlY-Aug. I Sept. I Oct.. Nov. Dec. Jan. Feb. 

1923-24 •• Negligible. 5·7 24·3 35·8 26·0 7·' 0·8 

1924-25 .• Do. 13·6 27'6 ' 39·1 12·1 5·2 2·3 -
1925-26 •• 2·7 16·3 41·0 U·2 5·8 Nil. Nil. 

1926-27 •• Negligible. 4·8 2~'1 30·7 25·5 12·2 2·6 

1927-28 •• Do. 11·0 27·0 38·6 16·3 6·3 0·8 

1928-29 •• Do. 13·7 34·9 34·9 12·7 3·2 0·5 

1929-30 •• 3·9 23·7 30·8 34·7 6·8 0·1 .. 
1 930-31 •• Negligible. 5·7 21·3 36·6 29·6 6·7 0·1 

1931-32 •• Do. 5·4 17·8 35·6 27·3 13·' 0·5 

Average •• , 0·8 11·6 28·6 

I 

35·7 16·9 0·8 

The total number of leaves incepted per plant varies from year to year. (Table 
No. 24.) Out of the n,ine years, it is only in 1925-26 and 1927-28 that the record 
number of 940 per plant is reached. Normally, the total production never goes 
below 550. 

TABLE No. 24. 
The number oJ leaVe8 incepted per plant in different year8. 

Years. 11923-24..Jt924-25. 11925-26. 11926-27. 11927-28.!1928-29. !192 9-30.11930-31.11931-32. 

Number of plantll under I 99 I 50 10 I 10 I 20 I 20 I 18 I 20 I 20 
periodical growth capnls. 

I 

Average number of lea\"eB I 668 I 735 945 

r 
642 I 

94.0 I 734. I 668 I 622 I 675 
per plant.. 

A mere knowledge of the number of leaves incepted often fails to give a cor
rect idea of the total leaf surface. This is because all the leaves do not grow to the 
same size. Those produced at different stages, in the same season, differ both 
in their size and life period. The leaves on the first half of the stem or on any 
branch, whether monopodial or sympodial, are as a rule larger than those on the se
cond half. The size 6f the leaf is steadily reduced from the base of the sympodium 
to its tip. 

A more detailed study of leaves incepted at different times was undertaken 
in the year 1931, in connection with their nitrogen content and its movement during 
their life period. Leaves of two days' growth situated at the top of the main stem 
were selected and ticketed on 1st September, 2nd October and 3rd November. 
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At suitable intervals, about five leaves were removed and their area measured 
with a planimeter. These measurements were carried out till the leaves came 
down from the plant. Their age and area, as recorded from time to time 
are presented in the following table. ' 

TABLE No. 25. 
Age and area oJ the leaves incepted at different periods. 

Leaves ticketed on 

1st September. 2nd October. 3rd November. 

Age in days. I Sq. ems. 
I 

Age in days. I Sq. Cms. Age in days. I Sq. ems. 

9 36·50 9 33·98 11 24·90 

14 48·27 16 66·45 16 28'31 

19 51·98 21 53·30 22 36·55 

24 55·08 , 25 66·98 28 34·40 

30 68·56 31 70·90 .. . . 
35 71·48 35 70·00 35 35·28 

40 88·68 43 65·10 40 34·66 

47 72·35 50 67·20 47 34·89 

.. .. 58 76·60 54 35·00 

.. .. 67 70·00 - .. 
These results are indeed very significant. They show that leaves produced 

towards the beginning of September and October grow more or less to the same size 
(70 sq. cms.) and are about twice as large as those produced towards the beginning 
of-November (36.5 sq. cms.) Further, the days required for their expansion de· 
crease with the advance in their inception period in season. Leaves of September 
origin attain their maximum surface extension within a period of thirty-three days; 
those of October require twenty-seven days. Leaves produced in November require 
a still shorter period. These develop to their full size in nineteen days. 

Of greater interest, however, are the differences in the life periods of these 
leaves. Those appearing in September and November are short-lived. They 
grow old and begin to yellow within about fifty days. The October leaves, on t~e 
other hand, have a longer career and are evidently more useful to the plant. Thell' 
life extends over seventy days. 

Similar measurements were made in the year 1930-31. But in their case, 
only the leaves incepted. towards the beginning of October were s.tudied. The 
maximum expansion attained by these leaves did ~ot. exceed fifty-el~ht sq .. cms. 
This shows in a. characteristic manner that the leaves produced. even In the same 
month. differ from year to year. 



The life span of leaves inCepted at different periods haa a very important 
bearing upon the rate of leaf-fall. We have just seen that the October leaves re
main on the plant for over eighty days while those in November begin to fall off 
within fifty days. This means that although the leaves incepted in November 
are younger, they fall oft more or less at the same time aa those in October. On thia 
account, the rate of leaf-fall does not correspond with the sequence of leaf inception. 

D. PRoDUCTION OJ' VEGETATIVE BUDS. 

It has already been stated that every leaf haa a bud in its axil which is capable 
of growing into a vegetative shoot. These buds are therefore called .. Vegetative 
Buds" and their number is represented by the number of leaves on the main stem 
and various monopodial branches of different orders. 

GRAPH No. 20. 
Periodical production 01 vegetative buds. 
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Periodical counts were maintained on these buds for & period of nine years 
(Table No. 61 in the Appendix) and are graphically shown in Graph No. 20. 
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The. nature of the production of vegetative buds is essentially the same as 
that observed in the case of the leaves. During the first two months from the date 
of sowing, the rate of inception is almost insignificant. It is, however, accelerated 
in the month of September and attains a maximum value from the end of October 
till the middle of November. The production then declines and practically 
ceases by the end of December, though in years of belated growth it may continue 
to the middle of January. 

The number of vegetative buds give some idea about the expanse of the 
vegetative branches already studied. 

E. PRODUCTION OF FLOWER-BUDS. 

Within eight to ten weeks from sowing when the plant is twenty to twenty
five cms. in height, fruiting branches begin to appear on the main stem. J~ater, the 
monopodial branches also produce fruiting branches and these are called secondary 
sympodia. This process continues and branches of highe.r orders are produced in 
both the cases. The scaffolding of the plant thus gets steadily built up by the two 
classes of branches from stage to stage. As the sympodia, whatever their origin, 
continuously produce reproductive forms, the production of these organs ·forms 
a necessary concomitant of the general expansion of the plant. Thus the two phases 
of growth in cotton, namely, the vegetative and the reproductive, are not quite 
distinct and separate as is commonly the case in cereal crops. 

Under field .conditions, where the main stem happens to be subjected to damage 
by both the spotted boll-worm and the shoot-roller, the initiation of the reproduc
tive phase as heralded by the appearance of Hower-buds is determined by the height 
at which the main stem is attacked (Table No. 26). If the stem is knocked down 
below the first fruiting branch, the arrival of the flower-buds is postponed until 
secondary sympodia are formed on the lateral branches. If these have to appear 
on the limbs, the delay may extend to about seven days; if on the auxiliaries, more 
than twenty days are required. 

TABLE No. 26. 
Approximate dates oj the appearance oj the flower-buds on the three types oj branches 

1923-24. 
Average of 99 plants. , 

Kind of branch. No. of cases. 
Approximate date of 

bearing of 
flower-buds. 

Primary sympodia .. .. .. . . .. . . 78 24- 9-1923. 
Limbs .. .. " " .. . . .. 33 1-10-1923. 
Auxiliaries .. .. .. .. .. .. .. 43 15-10-1923. 

In addition to the spotted boll-worm, the effect of the en~onment~l factors 
on the time of arrival of Horal buds is appreciable. This will be diBC~ssed m a la~r 
chapter on a certain set of plants where the disturbance caused by msect agenCIes 
are altogether eliminated. For the present, the joint effect of t~e boll-worm and 
the seasonal influence on the time of initiation of the reproductIve phase (Table 
No. 27) may be discussed. The time of inception of Hower-buds varies a good deal 
from season to season. In 1925 and in 1929, Horal buds appeared on the plant 

8 
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as early as seven weeks from the date of sowing. In 1931 on the other hand, they 
appeared as late as the twelfth week. Broadly speaking, however, flower· buds 

TABLE No. 27. 
Time 0/ arrival 0/ the flower-bud in different years. 

11923.11924.11925.11926.11927.11928.11929.11930.11931.IAverage. 

Week in WhiCh[23rd I 31st 122nd /24th 1 5th I 30th I 3rd I 9th [21st [ flower·buds began Sep- Aug- Aug- Sep- Sep- Aug- Sep. Sep- Sep-
to emerge. tember ust nst tember tember ust tember tember tember 

from Bowing. 11 9 7 11 9 8 7 11 12 9 By .age .in weeksl I I' I 1 I 1 1 I 1 

begin to arise within about nine weeks, from the date of sowing. Under ordinary 
conditions, the plant (spaced 3' X3') produces 293 flower-buds as the average of 
nine years (Table No. 28). With the exception of the year 1931, tho production 
of these forms has not varied appreciably from year to year (Table No. 29). 

TABLE No. 28. 
Average number 0/ flower-buds produce,zper plant in different yeara. 

Years. 11923.11924.11925.11926.11927.11921:1.11929.11930.11931.1 Average. 

Number of plants I 
under count. 

Average number ofl 
flower-buds per 
plant. 

99 I 50 I 10 1 10 I 20 I 20 I 18 I 20 I 20 1 

275 I 344 I 298 I 313 I 313 I 303 I 298 I 293 I 204 I 293 

Although the total bud-production has not varied widely every year, the in
dividual variation is indeed enormous in spite of the fact that the plants under 
observation appeared to be almost identical in respect of growth at the time 
of flower-bud arrival. It has fluctuated from 70 to 675 flower-buds. Even if the 
extremes are left out, the variation still ranges from 175 to 375 (Table No. 29), 

TABLE No. 29. 
Frequency distribution 0/ plants according to the number 0/ flower-buds produced. 

('lass value of flower- 10 10 10 IQ 10 10 10 '? IQ 10 IQ IQ IQ 8.E. 
buds on the plant. .Q .Q .Q .Q .Q .Q .Q IQ IQ .Q IQ .Q .Q Total. Mean • o! .. C< ... C< .. C< ... C< ... "', ... C< r- mean. ~ ~ C< C< ... ... 'OJ! 'OJ! IQ IQ 0:) 0:) 

1923-24. 

Frequency of plants. I 3110 11311711511411814131 .. 11 11 1 .. 1991276'51 110' 96 

• 1924-25. 
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Examining the data of all the nine years on flower-bud production (Graph No. 
21), it will be evident that the rate of flower-bud formation is very slow in the initial 
stages. It then rises and after reaching a certain value the production continues 
for three to four weeks at that value or the rate is still further accelerated before 
the usual decline begins. 

Nearly seventy per cent. of the production generally takes place during the 
twelfth to twentieth weeks after the date of sowing (Table No. 30). In the years 

GRAPH .No. 21. 
Periodical production of flower-buds for a period of nine year8. 
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(For figures, see table No. 62 in the Appendix.) 

of belated growth as in 1926 and 1931, this period is shifted further by four weeks. 
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In regard to flower-bud production by each of the three types of branches, 
namely the limbs, auxiliaries and the primary sympodia, it may be expected that 
as the primary sympodia are the first to arise and as they are produced in succes. 

TABLE No. 30. 
Percentage of the total flower-bud prodUGtion in different periods from the date of ,owing. 

Weeks. 

Month. 

Years. 

1923-24 .. " .. 0·9 17·9 38·5 18·5 13·' 6·7 '·1 
1924-25 •. .. .. 5·5 24·1 47·5 9·2 6·3 '·8 2·' 
1925-26 .. .. 0·8 8·9 33·3 '8·3 7·3 1·' .. .. 
1926-27 .. .. .. 1·4 20·7 31·1 19·8 10·7 10·6 6·' 
1927-28 .. .. . . 7·1 18·7 45·2 12·3 11·2 '·0 1-15 
1928-29 .. .. .. 9·0 35·2 39·5 10·6 '·1 1·2 0·' 
1929-30 .. " 0·4 13·8 36·7 41·9 5·6 1·5 0·1 .. 
1930-31 .. - " .. 1·3 16·5 37·(1 , 21·1 15·8 7·' 0·9 
1931-32 .. .. .. 0·4 10·5 35·9 19·9 15·6 13·' '·3 

Average .. I -0·1 I 5·6 I 24·3 I 40·8 I 13·5 I 8·5 I 5·1 I 2·1 

sion on the main stem they ought to contribute the largest quota. However, this 
is not so (Table No. 31). Under boll-worm conditions they are reduced to the third 
position. It ~s the limbs that are the most important to the plant. They get 
stimulated in consequence of the damage to the main shoot and give rise to a large 
portion of the total buds incepted. The auxiliaries play the second role. 

The production of flower-buds by primary sympodia differs in different years 
(Table No. 31) depending upon the time of arrival of the boll-worm and the point 

TABLE No. 3l. 
Percentage of the total prodUGtion of flower-buds on the three tYPI'A of branches. 

Number of plants 
~ercentage of total number of bud/, OD 

Yellr. under growth 

I Primary I Btudy. Monopodia. sympodia. Auxiliariee. 

---
1923-24 .. 

" "1 
99 45·0 20·3 34·7 

1924-25 .. .. 50 48·2 22·5 29·3 

at which it attacks the main shoot. Compared with the year 1923-24, the boll. 
worm arrived late in 1924-25 and. was very mild. This resulted in the growth 
of a larger number of primary sympodia and consequently in larger production 
of flower-buds on them. The year 1923-24 was, however, more representative of the 
attack of the boll-worm in this tract, and hence the production of the flower-bud&. 
this· year, may betaken as the normal performance of the three types of branchea. 
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F; PRoPORTIoN OF VEGETATIVE BUDS TO FLOWER-BUDS_ 

The ratio of vegetative ,buds to flower-buds is not the same every year. (Table 
No. 32.) It fluctuates from 1·06·to 2'17. In the majority of cases it varies from 
1 to 1 . 2 ; in some years it is nearly tWice as great. ' 

TABLE No. 32. 
Ratio oj vegetative buds to flower-bwl8. 

Years. 11923.11924.11925.11~26.11927.11928'11929.11930.11931. 

Number of plants underl 99 I 50· I 10 I 10 I 20 I 20 I 18 20 20 
growth study. 

To~~!ts~umber of vegetative I 292 I 390 1 648 I 328 I 627 I 431 I 371 328 371 

Total number of flower-bUds·1 275 1 344 I 298 I 313 I 313 I 303 I 298 293 204 

Ratio Vegetative bud. ..11'0611'1412'1711'0512'0111'4211'2411'1 1.8 
Flower-bud. 

It may be pointed out that excepting the year 1931, the production of flower
buds hovered· round 300 in all years. In the case of the vegetative buds, however, 
no such constancy was observed, the nu.mber ranging between 292 to 648. It 
may further be noted that the number of vegetative buds was always greater than 
that of flower-buds. 

G. DEVELOPMENT OF REPRODUCTIVE ORGANS. AND THEm SHEDDING. 

(a) Growth oj flower-buds. 
Flower-buds, like vegetative buds, emerge as tiny bodies subtended by leaves in 

the tufts of growing shoots and it requires some experience to differentiate the one 
from the other. Being hidden from view, it is difficult to ascertain,with precision 
when these arise as distinct individuals on the tender shoot; But with the progres
sive elongation of the latter, the subtending leaves unfurl and the young reproduc
tive forms become visible for the first time; When this happens, buds are said to 
be incepted or to have emerged. Buds appear in our counts from. this. time onwards. 

The inner bud is cylindrical in shape and is encased by three br~ts which pre
sent to the whole body a triangular appearance. It has two stipules; one of them 
is comparatively broad and serrated, while the other is long and irregular. 

In order to understand the important events in its life such as the date 'of in
ception, time of flowering, the date of shedding either prior or subsequent to flower
ing as the case might be, the history of each bud incepted. was regularly 
maintained every year on a set of ten to twenty plants. This was effected by sketch
ing in large field registers the frame-work of the plant from period to period as 
it expanded. These registers were ruled in equal divisions vertically and hori
zontally. The starting vertical line on the left hand of the register represented 
the main stem and the points of the horizontal lines represented the branches and 
the points of crossing on these by the vertical lines, showed the nodes on the ~~anch. 
Additional branches from the same node were drawn by hand. The ~pOSltlOll of 
each bud was shown in these drawings and the various buds arising in each period 
were numbered in consecutive order. The date of grin! of the bu~ and the. dates; 
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of shedding if it shed or of flowering and boll.shedding were recorded against each 
bud in the register (Grap~ No. 22 and Table No. 62A in the Appendix). Each 
page of the large field·reglBter contained an accopnt of branches on a set of two 

GRAPH No. 22. 
Specimen pes. yepoocluced fram!he p ....... fi<I-r for ......,r.cw.pI .... _13 
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to five llodes on the mam. stem and as such the history of the whole plant occnpied 
about siX pages of the register, the number depending upon the expanse of the 
various branches .. 



63 

The entries from these skekhes were then transferred to another register called 
the " bud-history register" which will be referred to from time to time. 

In this way, bud-histories were kept up for a period of seven years from 1924 
to 1931, the year 1927 being omitted. In the first year, counts were taken 
daily in the first half of the season until the plants grew large after which it was 
done on alternate days and finally once every three days. In the following year 
they were recorded for some time on alternate and subsequently every three days 
till the end of the season. During the next five years, only weekly counts were 
maintained. 

It has been noted that the plant produces on an average 293 flower-buds. Out 
of these about seventy-six ever succeed in reaching the flower stage. (Table No. 36 
on page 67.) Further, these successful buds are derived from those incepted in 
October and a part of November. (Graph No. 26 on page 77.) The rest of the buds 
drop down at· one time or another throughout the season. 

(b) Age of bud8 at flowering. 
All the buds do not take the same time for flowering. In 1924.-25, out of the 

609 buds that flowered, seventy-two per cent. required forty-three to fortyceight 
days, the range of variation amongst individuals being from twenty-three to fifty
three days. (Table No. 33.) Next year out of the 874 buds seventy-two per cent. 
flowered at the age of thirty-one to thirty-five days. Individual variation this 
year ranged from nineteen to forty-seven with a S.D. of 4·01. It will thus be 
evident that the time required for flowering differs in different years. 

TABLE No. 33. 
Frequency of the age of bud8 at flowering in the year8 1924-25 and 1925-26. 

1924.-25. 

Class value in days. 23 28 33 38 43 48 53 Total. Mean. S.E.of 
Mean_ 

Frequency of buds .. 2 4 21 59 237 202 84 609 145.04 0·21 

1925-26. 

Class value in 19 23 27 31 35 39 43 47 Total. Mean. S.E.of 
days. Mean. 

Frequency of 1 11 95. 374 258 104 28 3 874 33·02 0·14 
buds. 

According to period of inception, the range of variation in the age of buds 
at the time of flowering presents some interesting peculiarities (Table No. 3~). In 
the first instance, the range widens with advance in the season. Thus, taking the 
extremes, it is found that in the yea·r 1925-26 buds incepted in first week of ~tober, 
flowered at ages varying between twenty-seven to thirty~four days; those ~cepted 
during the third week of November required from runeteen to forty-su: ~ys • 

. Secondly, there is a tendency exhibited by the majority of buds to bloom at a higher 
age as the season advances. 

Hilson, Ayyar and Pillai (1925) studied bud and boll-shedding at Coimbatore 
in 1922-23 and found that there was a very pronounced tendency for the age 



,TABLB No. 34. 
Fre<fU£1t.C!J 0/ (he age 0/ bud8 at (he time 0/ flowering according to 1M time oJ iftCtptioa 

in (he &ea801l/or 1M year 1925·26. ' 

Days 
required 
for b.uds 
to flower. 

19-20 
21-22 

23-24 
25-26 

27-28 
29-30 

31-32 
33-34 

35-36 
37-38 

39-40 
41-42 

'3-44 
45-46 

September. I 
_ 13 I 20 I 27 I ' 

1 

1 

1 

2 
1 

1 
1 

1 
2 

1 

Dates of inception. 

October. I 

1 
7 , 
3 

2 
10 

13 
14 

7 
6 

1 
) 

1 

1 
1 

8 
21 

31 
26 

24 
8 

I 
1 

1 
10 

26 
42 

40 
29 

17 
9 

2 

November. I 
I 8 1 15 I 22 1 29 I Total. 

2 
11 

19 
64 

62 
29 

19 
12 

3 

1 

3 
4 

7 
18 

47 
37 

21 
23 

9 
7 

1 
1 

1 
4 

I 
II 

4 
10 

11 
J6 

7 
II 

1 
3 

8 
30 

611 
170 

204 
152 

7 106 
4 79 

3 
2 

211 
18 

•. .. .. .• •• •• .• 2 I •• 2 II •• 10 
.. .. .. .. .• .. .. .. .. 2 1 •• 3 

Total •. -1---1---'--6 10 M 125 177 221 lslf7217-ru 

of'buds to shorten with the progress of Beason. This is not in accord with our first 
obserVation. 

(e) Flowering. 
Buds may be said to flower from the second week of November though stray 

flowers may appear from the last week of October (Graph No. 23 and Table No. 63 
in the Appendix). Flowering comes into, full ewing generally in December. Here· 
.after, it declines and by about the end of January, practically ceases. In years 
',of belated growth however the period of maximum flowering is shifted to January 
or even to the middle of February as in 1926. 

, The Span as well as the magnitude of flower production, in the different Bea80JllI 

has varied a good deal. :As we shall see later, the intensity of production depends 
in addition to s~sonal influences, upon the intensity and duration of attack, by 
the boll-worm. In the absence of this insect, the period of flowering is shortened 
and the intensity of production appreciably raised. 

The relative merits of the different types of branches observed in regard to 
bud production,are maintained also in the case of flowers. The limbs give rile 
to the largest number of flowers, the auxiliaries come next in order while the pri. 
mary sympodia stand last in this gradation (Table No. at). Although in lOme 
years both the limbs and the auxiliaries may produce an equal number of flowers, 
owing to higher rate of bud-shedding on the former, the fact remains that under 
b,oll-w:orm conditions the .syrnpodia are reduced to & third position in this regard. 
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TABLE No. 35. 

1926-29. 

1927-28 • 

1926-27. 

65,. 

Production of flowers on the tl.ree types of branches in different. years. 

Plants I Number of flowers borne en 

Year. under I Monopodia. \ 
I Total. 

counts. Sympod.ia. I Auxiliaries. 
_. .. ... . 

I r 
.. 

192:J-24 .• .. .. 99 26·0 U·8 26·5 64·3 
..-

1!)~!-25 .. .. .. 50 37'2 16·0 n·l 

I 
8T·3 

1925:-26' •• .. .. 10 53-1 U·" -. U)oI): - 8'7.;(-.- ::~ 

. --
. - . . . 

D 



The position of flowers appearing on these branches is wen illustrated. in the 
follo~ Graph No. 24. It need .hardly be pointed out that the production of 
flowers 18 confined towards the penphery of the general scaffolding of the plant. 

GRAl'H No. 24. 
POBition of jlowerB on the three typu of branchu. 

s~ccls.rul Boll.-
Shea boll •••••• 

Explancmon oJ the graph :-
1. The horizonta1lines starting from the main axis are monopodial branches. 
2. The zig·zag lines are the sympodial branches. Each termiBal point on these represent. 

a flower·bud. 
3. The Buocessful and shed bolls form in aggregate the flowers. and the position of Sowetw 

can thus be known. 
(d) Development of bolla. 

The average number of flowers per plant varies from sixty-five to eighty-seven 
(Table No. 36), the mean of nine years being seventy-six. All these do not, 
howeva", grow into mature bolls. It is only about thirty that ultimately reach 
t}le mature stage. The rest of the flowers shed as raw bolls. 



\ 
PLATE No.5. 

Orop plant showing the extent of bud and bOll-shedding and the number of mature boU8 
on the plant. 
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TABLE No. 36. 
Flower and boll production in different years. 

Year. \1923·1 1924.\ 1925.1 1926.1 11127·1 1925·1 1929.1 1930.11&31.1 Average. 

Number of plants 99 50 10 )0 20 20 IS 20 20 .. 
under flower 
count. 

-
76'S N'::;:::d.Of flowers 1 64.31 87.31 87. 4 1 69.61 SI.SI6S'6S! 77'71 87·0 164.8\ 

-~"----

N~:r:.ed~f bOIIB!29'61 3S.81 30·0 12s.8132.0 !24'l!>127'0 12S'2sI30'351 29·2 

N~~!r of bOJlSI34'7IS1'51 S7'41 43'S1 49'sI44' 50 1 50'7I SS ' 7s 134'45 1 47·3 

Peroentage boll IS3'91 59 ' 0 165'7162'9160'9164.s 1 ~~'3167'5IS3'21 
shedding. 

61·8 

Thus, out of the 293 flower-buds, only ten per cent. succeed into mature bolls 
and represent the total yield of the plant. The remaining ninety per cent. shed 
either as buds or as bolls (Plate No.5). 

H. BEARING OF-BOLLS BY BRANCHES. 

With regard to boll bearing on the three types of branches, we have nothing 
more to add to what has been already stated under bud and flower production. 
The monopodia give rise to the largest number of bolls in some years, while in other 
years they produce more or less the same number of bolls as the auxiliaries (Table 
No. 37). The production of these forms, however, is very meagre in the case of 
the sympodia. 

TABLE No. 37. 
Boll bearing by branches. 

Plants 
Bolls on the three kinds of branches. 

Year. under 
Monopodia. \ IAUXiliaries. 

Total. 
counts. Sympodia. 

1923-24 •• .. .. 99 11·2 5·5 12·9 29·6 
1924-25 •• .. .. 50 13·7 7·5 14·6 35·8 
1925--26 .. .. .. 10 17·2 5·g 7·0 30·0 

I. EXTENT OF BUD-SHEDDING. 

When the subtending leaf unfurls, the flower-bud in its axil is generally found 
in a green condition. Occasionally semi-dried forms are also o~served. The fate 
of the buds belonging to the latter class has been already determmed and they shed 
IIOQQCf or later. Many buds of the former class tllou~h they con.tinue to Wow 



to varying ages, ultimately shed atone-time or another, either in the form of bmla 
as such or later as immature bolls. 

Shedding t~kes place by the formation of an abscission layer. When It. bUll 
.or a. boll drops, it leaves a scar at the point of its attachment on the hranch. A 
count of these scars denotes the number of shed buds. Later on, however, when 
the bolls also begin to shed, the procedure adopted in determining this number 
is -to take a. regular count of all the scars on the plant and then subtract from it 
the number-of bolls shed of which a. separate count can easily be taken. This me· 
thod has been found to be suitable and accurate enough especially when &. direct 
count of the tiny shed forms is not possible, owing to considerable 10sBE's in their 
collections. 

(a) Time of bud.shedding. 
Buds have been found to shed at any stage of their life. It has been pointed out 

that when t,he subtending leaf unfurls, the bud is sometimes found in &. semi·dried 
or a moribund condition. The growth of such buds has already been checked and 
they fall off sooner or later. Thus the two processes-production and shedding
proceed simultaneously (Graph No. 25 and Table No. 64 in the Appendix) through. 
out the season. Shedding is not restricted to any particular stage of the plant 
though it is enhanced in the Ja,tter part of the season. 
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GRAl'H No. 25. 
Periodical formation of bu(ls and their 8hedding. 
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(b) Total bud-shedding. 

Out of the large number of buds produced, as many as seventy-four per cent. 
are usually lost as buds (Table No. 38). This is the average of nine years. The 
percentage fluctuates from year to year between sixty-eight to seventy-eight, show
ing that the range of variation in the percentage of shedding is only ten. 

TABLE No. 38. 

Average number oJ buds incepted and shed. 

Years. 11923.11924.11925.11926.11927. 1928.1 1929. r 1930.1 1931.lAverage. 

Number of plants 99 50 10 10 20 20 18 20 20. 
under counts. 

---------------
Average number of 275 344 298 313 313 303 298 293 204 293 

flower-buds per 
plant. 

------
231 -:-[220 

--
Average number of 211 257 211 243 206 139 217 

buds shed. 
--1----

A"erage number oi 64 87 87 70 82 

I 
69 78 87 65 76 

buds developed 
int,o flowel's. 

----------,--,-
Percentage flowel' 

bud-shcdding. 
76·7 74.61 70·7 77·7 73·8 77·4 73·9 70·3 68·2 74·1 

In individual cases'j even in the same season, the variation extends from six
teen to eighteen (Table No. 39). In the majority of cases, however, it does not 
exceed eight. 

TABLE No. 39. 

Frequency oJ plants according to percentage shedding oJ flower-bud.s. 
I 

:1 I I , S. E. of 
Class value of IJercent- 64 66 68 70 72 74 76 78 80 86 Total. Mean. Mean. 

age shedrling. - ---- ---, 
Frequency of plant.s .. .. .. 5 9 15 26 18 17 3 3 a 99 76·81 6·36 

1923-24. 
- - - - - - -- - - - --'----'---

Do. 1924-25 .. 1 2 1 3 9 17 
I 

3 74·97 0·51 7 J 10 i 7 .. .. 60 

"" - .. . , . 
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(e) Size O/811M, buds. 

. Out of the total number of buds produced per plant about twenty to forty. 
five per cent. were not available for examination as these generally belong to the 

. class of buds which either die immediately after emergence or being very small 
are lost either in the mulch or in the crevices of the soil. .As many shed buds as 
couJd be available were collected every day throughout the season and studied 
separately for their sizes. 

Shed buds were classified roughly according as they were small, medium or 
large (Table No. 40). The small ones were usually below two roms. in diameter 
(the bud proper excluding the bracts) and completely enclosed by the bracts; the 
medium ones were between two to six roms. and fully exposed. At all stages of 
the plant growth, the bulk of the shed forms consisted of small ones. Buds medium 
in size, also shed in a fairly big number specially in November and December. 
Shedding of the large buds, however, is comparatively insignificant. 

TABLE No. 40. 

Weeklll classification of ihed buds according to siUB. 

1924-25. 

Weekending 

2 
2 

1st September 1924 
8th .. 1924 
6th October 1924 

12t·h " 1924 
19th 

" 
1924 

2 6th 
" 

1924 
2nd November 1924 
9th 

" 
1924 

16th 
" 1924 

23rd 
" 

1924 
30th .. 1924 

7th December 1924 
14th 

" 
1924 

21st 
" 

1924 
28th 

" 
1924 

4th January 1925 
lJth 

" 
1925 

18th " 1925 
25th ... 1925-

1st February 1925 

I 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. · . .. · · .. 
Total 

Per cent. 

Small. l\Jedium. I Large. 

.. 11 .. . . .. 192 6 .. 

.. 234 3 . . .. 353 .. .. .. 409 1 .. 

.. 441 13 . . 

.. 401 37 1 

.. 178 90 1 

.. 224 140 4 . . 131 113 6 .. 102 99 8 

.. 201 99 9 

.. . 391 141 13 

.. 268 244 29 

.. 273 70 8 

.. 78 64 5 

.. 86 16 " .. 57 6 .. 

.. 67 1 .. 

.. 66 .. .. 

.. 4,163 1,133 88 

.. 77·3 21·0 1·7 

Total. 

11 
198 
237 
353 
410 
4:;& 
439 
269 
368 
250 
209 
309 
5411 
641 
351 
137 
106 
63 
68 
66 

6,384 

100 

The data collected over a period of nine years on this subject ahow in a con· 
vincing manner that although the proportion of the ahed buds in the three groups 
(Table No. 41) varies widely from year to year, most of these including the 101ft forms, 
are very small in their size and also in their age. 



ttA~LE No. 41. 

Ciassijication of shed buds accQ1'ding to sizeS. 
= .-

Number or Totai number Total numbel' Shed buds. 
Year. plants under of buds of shed buds 

observation. shed. available for 

IMedium.\ I examination. Small. Large. Total. 

1923-24 I 99 20,891 12,886 10,182 2,017 6~7 12,886 " 

19U-25 .. 30 6,794 5,384 4,163 1,133 88 5,384 

1925-26 .. 10 2,110 1,385 843 425 117 1,385 

19211-27 .. 10 2,526 1,391 478 493 :120 1,391 

1927-28 .. Data not ave. Hable. 

1928-29 .. 10 1,912 1,374 625 418 331 1,374 

1929-30 .. 10 1,404 1,157 473 278 406 1,151 

1930-31 .. 10 2,005 1,635 978 482 175 1,635 

1931-32 " 10 1,395 865 559 215 91 865 

Average .. .. 4,880 3,259 2,288 682 289 3,259 

(d) Age of shed buds. 

With regard to the age of shed buds it is observed that most of these forms 
are young as judged on the basis of their sizes. Bud histories maintained for 
recording, among other things, the age of buds at the time of their shedding show 
that in the year 1924-25, the shed forms varied in their age from three to fifty-three 
days (Table No. 42), although their mean age for the season did not exceed twenty
three with a S.D. 10.79. A large number of these buds, however, show a range 

TABLE No. 42. 

Frequency of shed buds according to the interval between their appearance and shedding 
in da,ys. 

Class value I I I 53 Mean 
of age in 3 8 13 18 23 28 i 33/38 43 48 and Total. age at 

days. ! I 
above. shed-

ding. 

Frequenoy of I 
buds in 1924- 26 68 192 325 224 162 87 59 38 26 39 1,246 23·5 
25. 

J . --- ..---- . ---. 
Do. 1925-26 ... 1203\3951562\420 \250 11031341 91 2\ \ \1,978 14·5 

S. E. of Mean for 1924-25, 0· 31 ; and S. E.of Mean for 1925.26, 0'16 • .-



in their age from thirteen to twenty-eight. In the next year, their knean age waS 
found to be. only fourt~n with a S.D. 7-29, the majority of the buds being between 
three to thirteen days ill age. The data collected for the next five years (Table 
No. 43) indicate that the mean age of the shed buds varied from thirteen to sixteen 
days. It will, therefore, be at once evident that in spite of the varying differences in 
the different years, the ages of the shed forms could not be reconciled with their 

TAlILi!: No. 43. 

Ftoequenc1l oJ liked buds accord~ng to the interval between their CJPlJem-ance and skdding 
in weekB for different years. 

Number 
of Class value of the interval in weeks. 8.E. 

Yllars. plants Total. Mean. of 
under 

I I I 31 41 51 81 71 

mean. . study. 0 1 2 8 

, 
19~8-29 •• 20 200 1.137 1,368 838 350 203 42 5 .. 4, 143 2·19 0'02 

i9~G-30 •. ·18 168 1;08-1 1,359 757 382 159 39 6 2 3,956 2·20 0'02 

11130-31 •• JlO 375 1,461 1,263 603 (6S 94 48 9 1 4,122 1'87 0·02 

li1;il-32 •• 20 215 562 591 461 288 12i 86 19 7 .235312'38 0·03 _m=-
'.-

Ilmall sizes. The bulk of shed buds consisted of small forms and these could not be 
expected to be as old as shown by their mean age at shedding. 

Xn order to clarify this incompatibility, & study was undertaken in which & 

~eguIar index of the sizes of growing buds according to their age, Was first prepared 
(Table No. 44). This was effected by ticketing II. large number of newly incepted 
buds on one and the same day (1-10-24). Out of these, five buds were removed. 
every day and their age and diameter recorded. 

A fresh lot of buds exceeding 200 was again tickt'ted. The shed forms out 
of this lot were collected every day and their ages determined by the use of the 

TAlILE No. 44. 

Diameter in mm. o/growing fnuls on 8UCCe88ive days. 
- . 

DaYll from 
3 4 I; 6 7 8 9 10 ill 12 13 th~ day the 1 2 

bud beoame-
visible. I 

Diameter of 
t3e. bud pro- 0·9 1·10 1·21 1·21 1·32 1·32 1·33 1·38 1·38 1·38 1·44 1·61 1·71 
per 'Wit~out 
breo., 

• 
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above table. The results (Table No. 45) so obtained show that a large number of 
shed buds are below the age of five days, the average age being nine days. 

TABLE No. 45. 

Age 0/8hed buda as determined with the 8tandard sizes 0/ growing Truda. 

Class value 1-5 
6-lO "-"110-2<1 2l-ll5 

26-30 31-35 36-40 41-45 46-50 Total. 
of age in 

days. 

N~:~ ofshedl 84 I 56 I 27 I 5 I 6 I 6 I G 1 
1 1

193 

Mean days •• 9.19.S. E. of mean 0·70 

According to bud histories, the mean, age for this year was as high as. twenty-three. 
It is, therefore, inferred that the bud continues to remain on the parent plant long 
after the arrest of its growth. 

From these considerations, it will be seen that the bud is most susceptible 
to shedding while it is very young and that once it passes this critical period in its 
history, the chances for it to reach the Hower-stage are fairly good. ~ 

(e) Symptoms 0/8hed buda. 

To get an insight into the causes of shedding, the shed buds collected 
from time to time were subjected to further examination. It was found 
that the larger buds had at times saffron coloured spots on them. Occasionally, 
they showed a bulging condition of their central portion. Sometimes, the margin 
of petals presented a drying appearance. Not infrequently, black rings at the 
base of the small buds, gave room to suspect the presence of micro-organisms. 
The most common symptom exhibited by the forms for a large part of season was, 
however, the bores made by the spotted boll-worm. In many cases, caterpillars 
were discovered feeding inside. 

A study of the micro-organisms associated with the shed forms was made in 
the year 1924-25. The results obtained pointed to the improbability of these 
being concerned with the causes of shedding. This observation was further 
substantiated by the important fact that the commonest fungi obtained from the 
shed buds were saprophytic moulds of the type of Microsporium or Alternaria, Fu
sarium and HeIminthosporium, and that none of them were constantly present. 
A complete study of all the organisms found on the shed organs, such as could have 
only been made in 110 specially equipped mycological or bacteriological laboratory was 
beyond our scope. 

Symptoms other than the damage by the boll-w.orm wen: found ~ b.e merely 
the after-effects of sheddina and were therefore of little use m elucldatmg the 
causal factors. Buds dam,';,ged or injured· by the boll-worm invariably shed at 
one time or another. The extent of this damage under crop-conditions may now 
be studied. 

10 
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Buds shed from day to day were collected and classified under two heada: 
.those brought down by insect injury and those without the injury. The result. 
of this study for the year 1923-24 and 1924-25 are given in the Table No. 46. In 
the first year, the classification was started rather late in the season. Neverthele88, 
it covered the four months from November to February during which time a. large 

TABLE No. 46. 

Periodical number 0/ bud.t BAed owing to ,potted boU-worm damage 
and other caUSe8_ 

1923-24. 1924-26. 
Total of 99 plants. Total of 30 plants. 

Week ending. 
Shed buds I Shed buds Shed buds Shl'd buds 

with injury. without Total. with injW"1. 
without 

I 
injury. injury. 

21st September .. .. .. I .. 5 6 

28th .. .. .. .. .. 14 184 

5th October .. .. .. .. 32 205 

12th " 
.. .. .. .. 50 303 

19th " .. .. .. .. '18 332 

26th 0, .. .. .. .. 81 373 

2nd November .. .. .. .. 91 348 

9th ,- .. 7940 91 885 105 164 

16th , . 885 165 1050 145 223 .. 
23rd .. 745 160 905 III 139 .. 
30th .. 802 328 1130 91 118 .. 

7th December .. '187 409 1196 117 192 

14th 1021 481 1502 142 403 .. .. 
21s' 653 453 1106 113 428 

" 
.. 

28th 479 577 1056 38 313 .. .. 
4th January 260 872 1132 18 119 .. 

11th .. .. 196 1046 1242 10 96 

18th 118 889 1007 2 61 .. .. 
25th 72 603 675 . 3 65 .. ... 

1st February .. .. o • 66 .. .. 
Total .. 6,812 6,074 12,886 1,246 4,138 

Total. 

11 

198 

237 

353 

410 

454 

·439 

269 

368 

250 

209 

309 

545 

541 

351 

137 

106 

63 

68 

66 

5,384 
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part of the .shedding takes place: Bo~-,!orm was very severe this year and hence 
the proportlon of buds shed by msect-m]ury to that by other injury has not only 
varied in aggregate but also from period to period. The figures in the above table 
bring out the significant fact that the attack of the insect sensibly declines from 
about the end of December. 

Of the buds collected for examination, the percentage of those attacked by 
the insect varied \lidely from year to year (Table No. 47). The upper and lower 
linlits of this variation appeared to be twenty-three and seventy, depending upon the 
intensity of attack. It need hardly be added that many of the tiny forms could 

TABLE No. 47. 

Percentage oj bud8 affected by the 8potted boU-worm in different year8. 

Of the examined shed Percentage Number Total Total shed buds, those showing 
of plants number buds avail· damage by the boll·worm. of damaged 

Year. buds on under of shed able for 

I 
total 

study. buds. examination. No. Per cent. shedding. 

1923-2-1 .. 99 20,891 12,886 6,812 52'9 32·6 

1924-25 .. 30 6,794 5,384 1,246 23·1 18·3 

1925-26 .. 10 2,110 1,385 551 39'8 26·1 

1926-27 .. 10 2,526 1,391 856 61'5 33·9 

1927-28 .. Data not available. 

1928-29 .. 10 1,912 1,374 710 51'7 37·1 

1929-30 .. 10 1,40-1 ],157 807 69'7 57'5 

1930-31 .. 10 2,005 1,635 1,034 63'2 61·6 

1931-32 " 10 ],395 865 307 35'5 n·o 
Total .. .. 39,037 26,077 12,323 47·3 31·6 

not be collected as they were lost in the mulch and the crevices. It will, therefore, 
be seen that although the boll-worm is a serious cause of shedding for the greater 
part of the season, the number of buds shed without any app&rant cause or 
symptoms is not inconsiderable. 

Buds shed in different years owing to damage by the spotted boll-worm and 
by other causes have been further classified according to sizes under the three 
groups referred to above (Table No. 48). The figures ~ these groups illustrate 
in a characteristic manner the selective instinct of the msect. They show that 
the intensity of attack increases with the increase in growth of the b~ds. Thv:s, 
out of the total shed buds collected for any class the percentage attack mcreased m 
all the years, from the small buds to big ones, although the number of buds 
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TABLE No. 48. 

lJla8sification O/8hed buds by sizes and Bymptoma. 

Plants 
Shed buds showing injury Shed buds baving no Total Total 

by the spotted injury by the number number 
Year. under boll-worm. boll-worm. of buds of.hed 

.obser. examin- budiloBt 
vation. 

SmaH. IMedium.1 Large. I smau.IMedium.1 Large. 
ad. ... mall -

I forms. 

1923-24 99 5,006 1,233 573 5,176 784. lU 12,886 8,005 

1924-25 30 986 196 64 3,919 195 24 5,384 l,nO 

1925-26 10 276 209 66 567 216 51 1,385 725 

H126-27 10 126 428 302 352 65 118 1,391 1,135 

1927-28 Data not available 

1928-29 10 103 300 307 522 118 24 1,3" 538 

1929-30 10 197 262 348 276 16 58 1,157 U7 

1930-31 10 584 330 120 394 152 55 1,635 370 

1931-,32 10 174 97 39 385 118 52 865 530 

, 
attacked ran in the inverse order, owing to the fact that the buds of higher ages 
were comparatively few at this time. 

(/) Relative bud-ehedding. 

The term "relative bud-shedding" denotes the number of buds shed out of 
the total number- incepted in a given period, no ma.tter when they shed. The fate 
of buds incept.ed from time to time ha..'1 been recorded in the bud histories from which 
the data. on the relative shedding of buds is reproduced below. 

_ 'It will be evident from Graph No. 26 (Table No. 65 in the Appendix) that the 
period of bud production can be divided into three sub.peri0d3. In the first sub. 
period which extends from two to six weeks in different years, all the buds 
incepted practically shed. Then follows a period in which severa.l buds esca.pe 
shedding. The span of .this period varies from six to eight weeks. Buds formed 
in the third period fail to grow and eventually shed. . 



GRAPH No. 26. 

Periodical bud-8hedding relative to bud /ormation in dil/erent yeara. 
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(g) BUD-SHEDDING ON DIFFERENT KINDS OF BRANCHES. 

Percentage shedding of buds on three types of branches does not much vary. 
It is comparatively less in the case of buds produoed on auxiliary branches (Table 
No. 49). 

TABLE No. 49. 

Percentage 8hedding 0/ flower-bud8 incepted on different kindIJ 0/ branche8. 

Percentage shedding of buds on 

Number of 
Yea.r. plants nnder Primary counts. Limbs. sympodia. Auxiliaries. 

1923-24 .. .. .. 99 79'0 79·0 I 
72·3 

1924-25 .. .. .. 50 77·6 79·3 66·1 

1925-26 .. .. .. 10 70·8 76·1 I 6"0 

(h) EXTENT OF BOLL-SHEDDING. 

Shedding of Howers as such is seldom met With in' cotton, at least in this tract. 
This is in complete agreement with the observations made o· by Hilson, Ayyar and 
Pillai (1925). BoIls are, howover, vory lia.bl~. t~ shed. It .has ,beeI1 noted. that 
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the total number of buds which escape shedding and thus reach the flower stage, 
does not amount to more than seventy-six on an average of nine years. Out of 
these again as many as sixty-two per cent. generally shed as immature bolls (Table 
No. 36 on page 67). 

Boll-shedding commences a few days after the start of flowering and continues 
throughout the bolling Se&BOn with varying intensity (Graph No. 27 and Table 

GRAPH No. 27. 
Periodical flowering and boU-shedding in different year,. 

ZO·10 
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--Flowers formed; X-X-X Bolls ahed. 

No. 66 in the Appendix). The rate of shedding in the early half of this period is 
comparatively low though it fluctuates a good deal from year to year, depending, 
to some extent, upon the virulence of boll-worm attack. In the latter half of t~e 
bolling period, it becomes more intense even when the presence of boll-worm 18 

not 80 much felt at this time.· 

(a) BoU-81wlding relatitoe to:Jlo'wtr /MT1IIJliM&_ 
. . Many flowers produced in the first half of the flowering seaaon generally deve
·Jop into mature bolls (Graph No. 28 and Table No. 67 in 'he Appendix). »OIls 
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GRAPH No. 28. 

Boll-shedding relative to flower formation. 
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from flowers appearing in the second half, shed in large numbers so much 80 tha.t 
the flowers produced during the closing weeks always fail to develop into mature 
bolls. 

(b) Age of shed bolls. 
The age of shed bolls varies over a wide range from two to thirty-two days. 

(Table No. 50.) This range, however, is not oonstant from year to year. It may 
widen or shorten under seasonal influences. Nevertheless, the maiority of shed 
bolls are between five to fourteen days old. The bolls that successfully dodge 
shed~ for over a fortnight,. generally succeed in reaching the mature stage. 

Age of bolls at shedding increases with advance of the flowering season (Table 
Nos. 51 and 52 below). King (1922) makes the same observation in this regard. 
He states that in Pima cotton there is a tendency for the period between flowering 
a.nd abscission to increase as the season advances. 



TABLE No. 50. 

~requency oj sheil bolls according to age in diJJerene year8. 

Total 
Age in da.ys. 

Years. plants. dl 21 1 1 1 
/ 17 1 20 123126129 t 32135138141 144 r ~71 tlO 1 153 

Total. 
15 8 11 14 

• 
/Numb1erof boriS ahed I 1923-24. 319 2,449 .. 366 .. 1.668 2,000 1,074 tl47 291 142 198 .. .. .. .. .. . . .. . . .. 8,688 

1924-215 .. 60 .. 78 376 681 1558 384 230 144 92 50 37 127· .. .. .. .. .. . . .. 2,7157 

1925-26 .. 10 .. 315 1152 201 102 '41 16 15 15 1 2 2 3 1 J .. .. .. .. lI67 

1926-27 .. Datan ot a vail able. 

1927-28 .. Datan ot a vail able. 

1928-29 .. 10 1 62 137 124 93 47 23 8 15 6 3 0 1 0 1 0 1 0 2 1514 

1929-30 .. 18 4 83 165 241 196 95 1i7 27 18 12 3 3 3 2 2 1 1 .. . . 913 

1930-31 .. 20 .. 39 373 373 220 88 40 18 9 3 6 2 2 .. 1 1 .. .. .. 1,175 

1931-32 .. 20 .. 14 229 235 100 I 156 26 9 4 4 15 3 , .. .. .. .. .. .. 689 

• 32 and above. 

Year. 1923-24. I 192&-215. I 1926-26. I 1926-27. I 1927-28. I 1928-29. I 1929-30. I 1930-31. I 1931-32. 

Mean .. .. .. 10·26 12·'6 8·73 .. .. 8·18 10·12 8·76 8'91 

8. E. of Mean .. .. 0·015 0·13 0·21 .. .. 0·28 0·20 0·115 0·19 



Period 
ending 

19th Nov. 1923 

4th Dec. 1923 

19th Dec. 192'3 

3rd Jan. 1924 

18th Jan. 1924 

2nd Feb. 1924 

Total .. 

Fortnight 
ending 

1st Dec. 1924 

15th Dec. 1924 

29th Dec. 1924 

12th Jan. 1925 

26th Jan. 1925 

9th Feb. 1925 

'l'otal .. 

21 

U 

63 

137 

67 

28 

10 
--
319 

21 

4 

10 

TABLE No. 51. 
Frefl'Ue'nClI 0/ shed bolls according to age. 

1923·24. 

Class value of age in days. 

6 .I 8 I 11 I 14 I 17 120 1 23 \26 and above., 

142 83 23 4 4 .. " .. 
233 196 110 66 41 23 7 9 

602 454 208 111 41 34 -10 33 

401 419 360 161 66 29 9 10 

243 630 547 292 168 66 37 37 

147 667 762 440 238 140 79 109 --~-I--- - ---- -
1,668 2,449 2,000 1,074 547 291 142 198 

TABLE No. 52. 
Frequency 0/ shed bolls accordi'flg to age. 

1924-25. 

Total. 

290 

738 

1,630 

1,491 

2,017 

2,692 

S,688 

I Class ,valu.e of age in d"Ys. 

61 'Iu l"j"l " 1"I28j29I!:'~t'~ 
10 9 " 1 2 1 .. . . I .. .. 31 

75 82 60 32 23 7 6 6 .. .. 299 

63 229 292 217 145 71 49 22 9 5 7 1,099 

11 6S 257 227 163 98 63 38 22 18 33 978 

.. 3 40 46 40 29 33 21 ' 12 '8 64' 286 

.. ' 1 1 4 3 7 1 6 1I 6 33' 64 

Mel\n. 

6·27 

8·84 

8·32 

9·09 

10·95 

12·40 

10·26 

Mean. 

7·81 

9·82 

10·28 

• 13·1\1 

18'56 

~5'91 

- -- - --------~ -- --------
711 376 681 568 384 230 144 92 60 37 127 2,757 12"6 

81 

S.E. 
of 

mean. 

,0·16 

0·18 

0·12 

0·11 

0·10 

0·10 

0·05 

S.E. 
of 

mean. 

0·81 

0·29 

0·16 

0·21 

0·60 

1·00 
--

0·13 

Hilson, Ayyar and Pillai (1925), however, find that there is a tendency for this 
interval to shorten with the progreBB of the season. Similar observations have 
also been made by Ewing (1918) who says that the period between flowering and 
shedding is the longest when shedding first begins and Iiliortest at the close. Lloyd 
(1920), however, maintains" that there is little evidence that the mean of frequen
cies ot the bolls was reduced during the season but that there is evidence that the 
mean may recede or advance as a result of additive or subtractive effects such as 
the additive effect of rain upon that of the soil moisture which resulted in the 
lQCQIIlIion o{ the mean three days. " 

11 
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(c)Siu 01 shed bOlI8, 

With regard to the size of shed bolls it is found that for the same age they are 
always smaller than those growing on the plant, Their size, however, corresponds 

.. 

Age 
In 

4&)'1, 

-
1 

2 

8 

4 

5 

II 

1 

S 

9 

10 

11 

12 

13 

~4 

15 

18 

'17 

18 

111. 

20 

TABLE No, 53, 
Comparison 01 the MWl 01 the growing and Bhed bolls on the baN 01 age, 

Growing bolla 
(Average olin), Sbed bolla, 

- No, 
Ibed, 

Length I Breedtb LenlJl;b 11Ire8dtb 
DUBI, mma, mlD8, IWDI, 

Jl.eaulta 01 500 Bowers t·lrketted on 21-1-24, 

7'42 1;'06 " .. .. 
8'10 5'00 7'0 6'0 1 

8'05 5'SS 7'08 4'0" 2 

8'20 0'21 7'55 5'42 , 
9'87 7'18 7'91 5'10 17 

)0'33 7'82 .. .. .. 
10'71 !I'S9 S'02 1i'58 liD 

11"42 8'82 8'S8 O'SO 55 

13'95 9'81 9'40 0'82 U 

U'2D 10'10' . 9"58 8'77 SO 

.. 
15'25 11'85 10'07 7'08 19 

,18'80 12'47 10'60 S'38 0 

.. .. .. " " 

18'40 1S'II& 12'25 7'60 II 

. 19'8& 15'7Q 13'60 8'91 II 

21'70 18'20 13'88 10'00 8 

23'85 18'02 ,. " .. 
24'70 111'10 .. .. .. , 
24'80 .19'3, .. .. .. 
., .. " " 

.. 

Growing bon, 
(Average of ) 0), Sbed bolla, 

Length I Breedtb 
IDIDI, mml, Lenm:!!',1 B=~ 

lleIulta of 1501 II_era tJ~ketted 
00 13th &0 17-1-)1126, 

11'115 4'115 .. .. 
7'25 5'25 .. .. 
7'511 5'411 .. .. 

,8'55 0'15 .. .. 
11'25 8'45 7'5& 5'22 

9'25 0'75 1'22 "75 

9'511 7'85 7"1 "14 

9'/i1l 7'85 7'87 11'01 

.. .. 8'28 II 'SO 

10"5 7'75 8'87 11'62 

10'11& 8'55 8'(15 11'87 

11'11& 11'45 11'17 11'22 

12'33 11'85 11'89 I'll 

111'85 10'811 10'42 7'18 

18'711 10'75 10'" 7'88 , 

1"11& Jl'85 11')8 7'61 

1&'8& 12'05 11'" S'l1 

lIi'lI& 12'87 11 'IS S'O& 

17'77 18'" 12'74 8'" 

20'01; 15'05 12'4. S'711 

.' 

Xo, 
Ibed, 

.. 

.. 

.. 

.. 
I 

• 
U 

25 

M 

120 

143 

133 

100 

811 

110 

til 

II! 

18 

It 

17 



,~83 

to that of the growing bolls, five to six days younger (Table No. 53). This interval 
is not quite constant even in the same season. It increases with the age of shed 
bolls, although the range of five to six days generally stands for the majority of shed 
forms. 

These results lead us to the conclusion that a stimulus to shedding is received 
by the bolls five or six days prior to shedding. This question will be discussed 
,at some length when we come to the study of the nitrogen content and the dry 
matter of the shed bolls. 

Mason (1922) studied growth rates of bolls and found that as a result of the 
activities on the flowering day, the growth rate of boll declines for four to five days 
after anthesis. This is, however, not corroborated by our -results (Table Nos. 68 
to 71 in the Appendix). 

(d) Symptoms oJ shed bolls. 

The most common symptom exhibited by shed bolls is the bore made by the 
caterpillar of the spotted boll-worm. It is further found that caterpillar generally 
enters the boll in the vicinity of the attachment of bracts, which is the softest part. 
In certain cases, it has also been observed to attack the boll higher up. 

Out of the shed bolls, the percentage of ,those damaged by the insect varies 
a good deal from year to year as shown below (Table No. 54). Up t9 the end of 

TABLE No. 54. 

Percentage oj shed bolls with insect injury in different year8. 

Year. 11923.24. 11924-25.11925.26.11926.27.11927.-28.11928.29.\1929.30.11930-31.11931-32. 

, , 
Number of plants 99 60 10 10 .. 10 10 10 10 

under observa-
tion. 

~. . -----------------------
Total numbet of 

bolla examined. 
s,14i 2,787 653 427 .. 338 327 65S 348 

--'--'----------------'--'-,-
Total number of 1,633 1,158 ios 193 .. 186 174 69 19 

bolls sbowing 
InjurY by boll-

worm. 

-----------------------
Percentage Injury 62'0 41'0 19'0 45'2 .. 55'0 53'2 12'5 5'5 

by boll·worm. ' 

I 

December most of the shed bolls bear insect injury (Table No. 5.5): Hereafter, 
. though the virulence of attack appreciably declines, boll ~hedding proceeds 
even at a higher rate for over a 'month and then dec~eases ~~ the end of the 
season.. From these considerations it will be clear that, In a~ditlOn to bollwoJ.?D' 
there are other causes which are, in a large measure, respOlullble for the shedding 
of immature bolls. 
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'TABLE No. 55. 

l'ercenlage oJ 8hed bol~ with injury ill. tke dilJerent peritxU. 
1923-24. 

(Average of 366 plante.) 

Shed bolla Shed bolla with inJlII7 by boll·worm. 
Period ending collected and 

I examined. Number. Percentage. 

,l?th November, 1923 .. .. .. 92 68 73'9 

26th November, 1923 .. .. .. 2U 210 86·0 

3rd December, 1923 .. .. '47 392 87·7 

10th December, 1923 .. .. .. 1S73 636 93·8 

17th :December, 1923 .. .. .. 804 '139 91·8 

24th December. 1923 ., .. .. '125 670 92·' 

31st December, 1923 .. " .. 668 690' 88·3 

':tah January; 1924 752 ,494 65·G 
-.. .. .. 

14thJanua~,1924 .. .. .. 1,001 512 lH·l 

21st January, 1924 .. .. .. 1,05,6 354 33-iJ 

28th Jan~, 1924 .. .. .. 982 164 16·7 

'thFebrua~, 1924 .. .. .. 1,374 149 10'. 

11th February, 1924 .. .. .. 613 100 16'3 

18th February, 1924 .. .. .. 338 72 21·3 

Amongst the probable causes of shedding indicated by the external and internal 
symptoms of shed bolls, mention may be made of lack of fertilization of flowers 
and the presence of micro-organisms. The first of these ,was suggested. by the, fact 
that a large' number of bolls contained ovules which were characterised by incom
plete growth of their fuzz. In many cases even this growth did not take place 
(Table No. 56).' ' , 

" Our idea tha,t lack of fertilization of flowers' may be one of Uie poi!8ible cause. 
of boll shedding, gathers strengtb' from the researches of earlier W'orke/.'l promiMnt 
among whom are Lloyd (1920), Kearney (1923), Ewing (1918), etc. They all agree 
with the general view that the prevention of pollination causes the boll to ahed. 
In India, Jivanrao (1922) ascribes holl shedding to ineffective fertilization or to it. 

'failure as the result of osmotic differences between the pollen graina and the atig. 
'matic hairs, which retard the gel'm.ina.tion of pollen. Mead as quoted by this 
author regards inadequate pollination as a possible factor in ahedding, Trought 
,(1928) 'finds in the Punjab, that the non-dehiscence of anthera ill primarily coneerned 
in the failure of the earlier crop of flowers to set into bolls. 
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TABLE No. 56. 

ExternaJ and internal 8tudy of 8hed bolls. 

1924-25. 

Internal symptoms. 

External symptoms. Ovules sound Ovules shrivelled . Ovules sound 
and fuzzy. reddish, fuzz without fuzz. here arid there. 

Light red patches andl 
red at base. I 

347 49 I 99 

Red all over •. .. 38 267 10 

Dark red and hard 5 86 0 
shell. 

·85 

. Ovules shrivelled 
without fuzz. 

I 13 

20 

27 

During the early years of our investigation, we have devoted some attention 
to the study of fertilization of Bowers in relation to boll shedding. This study 
indicates, in the main, that the different parts of the Bower such as the pollen, stig
ma and ovules, associated with the process of fertilization are viable and the 
dehiscence of anthers is also quite normal. Again, additional pollination fails to 
improve the percentage success of bolls. 

For the full and normal growth of the boll, it is not at all necessary that all 
the ovules in the ovary be fertilised. A boll may grow to maturity even if seventeen 
ovules are fertilised out of twenty-two usually found in the ovary. Indeed, Kear
ney (1923) who has made an exhaustive study of this aspect of the question 
observes that ,out of 633 bolls that matured from bagged Bowers, 201 contained 
fewer than 10 seeds. In his other experiments, the success of bolls was achieved 
even with a. much smaller number. He reported cases of mature bolls in which 
the number of, seeds varied from three to' one. The symptoms which led us into 
this investigation therefore were rather the after. effects of shedding than. its causal 
factors.. . 

. More instructive, however, are the results of flower-pruning experiments whic!t 
will be. described later (page 245). They show that if the earlier flowers are 
removed, the later ones, which generally shed, are made to develop into mature 
bolls. This suggests that, in all likelihood, the heavy shedding of bolls usually 
witnessed in the latter part of the bolling period is intimately connected with 
nutritional deficiencies in the plant as a result of the earlier crop of bolls. This is 
possible; as Mumeek (1926) suggests, that the lack of food supply in the plant may 
affect the fertilization of flowers and ultimately lead to the shedding of young 
~k . 

Another probable cause to which reference has been made is tlie presence of 
micro.organism. Suspicion with regard to this was entertained in that the walls 
of the ovary were found in a. state of decomposition, particul~rly at ~~e base and that 
they were marked by various shades of red patches. ThlS SUspiCion was .further 
strengthened by the results of some of the pre~ous workers. on the problem of bud 
and boll shedding. Amongst these may be mcluded. Atkinson (1892), F..dgertoD 
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(1912), Nowell (1916-17), Harland (1920) and Ballard and Norris (1923), All 
these investigators ascribe the shedding of reproductive forms in cotton to the 
activity of micro-organisms as one of the causes, Butler (191S) reports the 
dropping of fruits in palms and in some other plants by the attack of Phytopthora, 
Coit and Hodgston (1919) have reached the same conclusion in regard to the June 
drop of naval oranges, 

Our work on this subject entitles us to state that apart from the boll-worm, 
the causes of shedding of both buds and bolls in this tract are other than those re
lated to fungal or bacterial attack, The decaying condition of the walls of the 
ovary, their discolouration and other symptoms presented by the shed form. 
were found to be only the after-effects of shedding, * 

K, EFFICIENCY OJ' BUD AND BOLL RETENTION, 

Before we come to the question of yield, 'we may discuss the percentage 8UCOOd 
of the different forms of reproductive organs on the basis of total formation, The 
percentage success of buds into flowers varies in different years from 22'3 to 31'S, 
the average of all the years being 26'1 (Table No, 57), In the case of the 8ucce88 
of flowers into bolls, the percentage variation ranges from 32'5 to 46'S, the average 
percentage amounting to 3S'2, The percentage fluctuates, in regard to the BucceS8 
·of buds into bolls from S'O to 14'9, the average being only 10'0, 

Year, 

1923 .. 
1924. .. 
1925 .. 
1928 .. 
1927 .. 
1928 .. 
1929 .. 
1930 .. 
1931 .. 

Average 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

TABLE No, 57, 

The average perJormance oj the plant in diJJerent years, 

I 

PI ts 

I I 
V 

taol 
\ 1 I 

Yield I PereentAtle 811_ of an ege Flower of eeed 
under Leave., tive bud. 'Flower., Boll., cottou Bud I Flower I Bud 

couuts, bude,' In 1JIl.I, II~~ ~t' ~t~ 

99 667'6 292'3 275'3 11"3 

60 734'8 390'7 343'0 87'3 

10 945'2 848'8 298'4. 87'4. 

10 641 '5 328'8 312'7 69'8 

20 939'5 626'9 312'6 81'8 

20 734'1 431'0 303'1 68'8 

18 668'3 370'8 297'6 77'7 

20 621'6 328'5 293'1 87'0 

20 675'2 371'4 203'8 U'8 

29'8 .. 
85'8 .. 
80'0 1'75 

25'8 1'86 

32'0 1'83 

24'1 1'81 

27'0 2'00 

28'2 2'10 

80'3 1'74 

23'8 

25" 

20'8 

22'3 

26'2 

22'8 

26'1 

29'7 

31'8 

46'1 

41'0 

84'. 

37'1 

311'1 

35'S 

3"7 

82'6 

46'. 

10'11 

10'4 

10'1. 

8'S 

10'2 

8'0 

"I 
0'8 

1'" 

..I [7l4'2 [420'8 1293'4 I 76'6 I 29'2 I I 26'1 I 38'S 1 10 '0 

From the stand-point of the efficiency of the different Classe8 of branches on 
the basis of percentage success of (1) buds into flowers (2) flowers into bolls and 
finally of (3) buds into mature bolls, the following data are presented (Table Nos, 
58 to 60), .• 

. • The authors are indebted to Prof, S, L, Ajrekar of the Gujarat College, Ahmedabad. 
fonnerly Plant Pathologist to the Government of Bombay, for advice in connection with the 
conduct of studies on the micro-organisms associated with shed buds and bolls. 
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TABLE No. 58. 

Efficiency oj bud and flower BUCCe8S on different kinds oj branches. 

Number of 
Percentage success of buds into flowers on 

buds produced on each kind of the branch. 
Y~a.r. plants under 

I I 
counts. Limbs. Sympodia. Auxiliaries. 

1923-24 .. .. .. 99 21·0 21·0 27·7 

1924-25 .. .. .. 50 22·4 20·7 33·9 

J926-26 .. .. .. 10 29·2 23·9 35·5 

TABLE No. 59. 

Percentage BUCCe8 •• oj flowers into bolls on different kinds oj branches. 

Number of 
Year. plants under Limbs. Sympodia. Auxiliaries. 

counts. 

1923-2. .. .. .. 99 43·2 46·6 48·7 

1924-25 .. .. .. 50 35·8 46·9 42·8 

1925--26 .. .. .. 10 32·4 40·3 35·2 

TABLE No. 60. 
·Percentage success oj buds into bolls on different kinds oj branches. 

I 
Number of 

Year. .plants under Limbs. Sympodia. Auxiliaries. 

I 
counts. 

-
J92~-24 .. .. .. 99 9·1 9·8 13·4 

1924-25 .. .. .. 50 g·3 9·7 14·5 

1926-26 .. .. .. 10 9·4 9·6 12·5 

As regards the first of these tests, the auxiliaries occupy the foremost place 
jn, point of efficiency while the sympodia fall into the background as usual. With 
regard to the second test, the efficiency of the limbs is less than that of either the 
auxili.aries or the sympodia. We are more concerned, however, with the final 
efficiency of the different branches, that is the total production of mature bolls from 
the total buds incepted. Figures in Table No. 60 indicate that the auxiliaries 
show the greatest efficiency in this regard. The sympodia exhibit a higher 
efficiency than the limbs though the difference between the two is very small. 
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L. TUE YIELD. 

The yield of· the cotton crop comprises seed-cotton locally known aa Kapaa. 
Ovules of the young ovary form the seed while the hairs on their surface 
develop into the lint. It is needless to say that the yield of seed-cotton per plant 
in a given variety, varies directly with the number of bolls in a given season. The 
yield per acre therefore is represented by the product of the number of pJa.nts grown 
and the number of bolls produced per pJa.nt. 

The number of bolls per pJa.nt, however,· does not depend entirely on the total 
buds ~ncepted. It might even be asserted that the number of buds produced. 
has little relationship to the final crop of bolls, aa will be evident from the 
data. for years 1926 and 1931. (Table No. 57.) To develop into a mature 
boll, a bud requires on an average 100 days. During all this time, it ha.1t 
to pilot its course towards maturity under a variety of circumstances alway. 
threatening its elimination by shedding. The extent of their influence on the 
growth and development of the young forms, during the bud and boll stages, 
is indeed ~normOU9 and can be estimated in terms of the percentage success of bud. 
Qpening into flowers, of flowers developing into mature bolls and of buds growing 
into bolls. The last case, we need scarcely point out, sums up the total effect of 
all the hostile forces. Thus, out of the Ja.rge number of buds produced, only about 
ten per cent. ultimately reach the mature boll stage. 

The yield of the plant, therefore, is essentlally governed by the extent to 
which the hostile forces operate during the bud and the boll stages. If conditions 
are favourabl~ for both the stages, the yield is considerably enhanced even when 
the bud production is very low as happened in 1931-32. If on the other hand, the con· 
ditions, whatever their nature, are less congenial, the yield is reduced in spite of .. 
larger bud production as in 1928-29. It does frequently happen, however, that if 
the success of buds into flowers is increased that of flowers into bolls· decre&ael and 
vice versa. In such cases, the number of bolls per pJa.nt remains almost the lam ... 

SUMMARY. 
ThiS chapter deals with the study of production, growth and development 

of the different organs of the cotton pJa.nt under crop conditions in the Broach 
cotton tract. 

. The pJ.8.nt possesses a fairly Ja.rge root system. which reaches a depth of 150 ems. 
and spreads laterally over a distance of 100 to 150 ems. The root-system. com.· 
prises the tap root and a number of primary, secondary, tertiary and quaternary 
branches, the total number amounting to more than 550. The number of Ja.rge 
laterals is very small and varies within the limit of thirtY' to sixty. Their length 
oscillates between 1900 and 3600 ems. 

~ter sowing early in July, till about the end of the rainy ~n ~~ 
of October), root a::ctivity is confined to the depth of forty to fifty ems. During this 
time, the primary branches spread more or less horizontally. Thereafter, they 
descend into lower depths and give rise, on their way, to branches of higher order. 
Growth of the root system, thus continues till about the end of December when the 
plant is in the midst of the flowering period. 
. The growth of the shoot is very slow during the first two montha, owing to 
wet conditions. It gets accelerated hereafter till about the end of December. Th. 
tlca.ffolding of the shoot is built up of the main stem and a fairly Ja.rge num~r of 
lateral branches which grow either monopodially after the stem or Iymp.odially. 
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The sympodia directly produce flower-buds which develop into bolls. The 
monopodia give rise to sympodia on them. 

Under crop-conditions, the main stem never grows to its full height as it gets 
damaged, at one time or another, by the shoot-roller or the spotted boll-worm. 
The branch-shoots also are similarly damaged. On this account, the normal course 
of branching is seriously obstructed and the plant assumes various shapes and 
appears more or less bushy. 

The magnitude of plant expansion varies widely from plant to plant and all!o 
from year to year. In terms of the number of leaves produced, it varies from 550 
to 950, the mode being about 600 to 650. Nearly seventy per cent. of these are 
incepted during October and November, the total span of leaf production extending 
over about four months from September to December. 

Leaves incepted at different times and on different parts of the plant vary both 
in their size and longevity. Those produced in the first half of the crop-season 
are larger. Leaves appearing in October live longer than those incepted in 
September or November. 

Flower-buds begin to appear when the plant reaches the age of about nine weeks 
from the date of sowing. Their production continues over fifteen weeks. On 
an average, 300 buds are produced per plant. Of these, nearly seventy per cent. 
are incepted during the short period between the twelfth and twentieth weeks 
from sowing. 

Out of the total production of flower-buds as many as ninety per cent. shed 
in the form of buds and bolls and only ten per cent. ultimately develop into mature 
bolls. These are generally derived from the lot of buds incepted during October 
and November. . 

Flower-buds take about thirty-five to forty-five days to open into flowers. 
From sixty-five to eighty-five flowers are produced per plant, the average of nine 
years being seventy-six. Of these again as many as forty-three shed as young 
bolls and only tbirty grow into ripe bolls. 

_ . Shedding begins a few days after the commencement of bud formation and 
cOl;ltinues throughout the season. The age of tbe majority of shed: buds varies 
from two to ten days. More than half the shed forms are apparently sound while 
the rest show signs of injury by the spotted boll-worm. Like bud shedding, boll 
shedding also continues during the whole of the flowering period. It assumes high 
proportions in the latter part of this period 80 much 80 that the flowers appearing 
in the closing weeks never develop into mature bolls. Most of the shed bolls are 
as young as the shed buds. Thus, both the bud and the boll are very susceptible 
to shedding while they are still yoling. . 

Though the spotted boll-worm is a serious cause of holl shedding, ~. la~ge 
proportion of shed bolls bear apparently no injury. Neither lack of .fertilizatlo~ 
of flowers nor the presence of any parasitic micro-organism is responsIble for thIS 
shedding. 

The yield of bolls per plant does not entirely depend upon the. number ~f buds 
incepted. It is also governed by conditions of environment durmg the different 
stages of their growth. -

12 



-CHAPTER IV. -
DEVELOPMENT OF THE COTTON PLANT IN THE ABSENCE OF THE 
, , SPOTTED BOLL-WORM. 

. Theprececllng chapter describes the studies on the development of the cotton 
plant under the spotted boll-worm conditions. They reveal, inlet' alia, that out 
of the average production of 300 flower-buds per plant only about thirty grow' 
into lIlature. bolls while the remaining 270 invariably shed as young buds and imma. 
ture polls. Further, of the total shed forma not leBB than thirty-three per cent. all 
the average of eight years, show injury by the spotted boll-worm. It was, therefore, 
hoped, at this stage of the investigation on the causes of bud and boll shedding, that 
if plants could be grown to the exclusion of this insect the 1088 caused by it 
would be saved. ' 

1. CAGE PLANTS: 

',In the absence of any knowledge of control measures for the eradication of 
the spotted boll-worm, considerable difficulties were encountered in raising plants 
free from that insect. It was at the instance of Kasargode, who was investi. 
gating contemporaneously remedial measures against the spotted boll-worm at 
this station and to whom we owe most of our knowledge on the subject of this pesb, 
that the first promising beginning was made in this direction. He suggested in 
1924 th~ ,erection, of a plant-house for purposes of warding oft the insect, particularly 
its moth. His presence on the spot was of further assistance in combating thrips, 
~n4 aphides which appeared in the plant-house. 

, Accordingly, before the break of monsoon in 1924, a plant-house (33 feet long, 
~Ol feet broad and 7! feet high) sufficient to accommodate thirty plants, spaced 
three feet by three feet, was erected in the midst of a cotton field. This was en· 
closed, on all sides including the top, by two kinds of wire-netting. To keep out 
the caterpillar, a wire netting of the fineness of 20 meshes to a square inch was used 
all ,J:ound the cage OJ: 'the plant-house to a height of eighteen inches. The, rest of 
the portion was covered up with wire netting of the fineness of 16 meshes only. 
The object' in using the latter type was in the first instance to prevent the ingress 
of the moth and secondly to reduce as much as possible the otherwise undesirable 
effects of the cage. 

Although tlie cage proved quite eftective in keeping out the ,boll-worm, it had 
its own disadvantages such as high humidity, low intensity of light, etc. Besides, 
thrips which are not commonly found on plants grown in the open air, made their 
appearance. These were, however, immediately brought under control by the use 
of crude oil emulsion. Moreover, aphides increased owing to the keeping out of 
,the predatory lady-bird beetles, usually found on plants outside the cage, but ,these 
also ~ere checked by introducing everyday some heetles collected from the 
field plants. Lastly, plants grown in the cage showed abnormal growth features 
resembling those grown under weak light. ' 
: - Fo~ purposes of improving the light, conditions, therefore, a new cage was 
~oonstructed in' the following year. This was done by enlarging its dimensions 
'(65 feet long, 18 feet broad and 7! feet high) and by substituting glasB panes for the 
walls of wire-meshing above the height of 4! feet. The remaining portion 
;except the-lowest Ii feet,and the roof were enclosed with a wider meshing (10 to a 
,~uarejnch) to ,admit, mqre_ • light. The cage faced the south lengthwise .with the 
roof sloping on two sides. ' 
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Before proceeding to the study· of plants grown in the cage· it is necessary to 
point ,out that in both the years (1924-25 and 1925-26) sowing had to be delayed 
owing to the comparatively wet condition of the soil inside the cage. In the first 
year, thirty plants were grown in three rows of ten plants each. Out of these only 
eight plants were studied, the border plants being left out as they had grown abnor
mally owing to the extra space. In the next year, out of the -100 plants 
raised in the new cage only ten in a row were used for the purpose of the develop
mental studies. Tlle others, excluding the border rows, were reserved for experi
mental work which will be referred to later. In both the years, a set of ten plants 
outside the cage was maintained to serve as the control. 

Under the cage conditions, the plants exhibited certain morphological charac
teristics which essentially differed from those of the outside plants. The stems were 
taU and slender and were marked by longer internodes. The branches, were small 
and spread all over th€' stem. The leaves were never green as observed ill the 
case of plants grown in the open. They were pale yellow and had elongated 
petioles and broader and thinner lamina: .Flower-buds again manifested the same 
peculiarities as the leaves. Their bracts were thinner and paler and the pedicels 
-?y~r,e .1onget: and thi,nner. . 
j While the cage-plants in the two years did not materially differ in regard to 
~he total production of the several organs, though the plants grown in 1925-26 
!were found to be a shade better, striking differences arise when comparisons !!ore 
~nstituted between them and the control (Table No. 61). The plant to plant 
\performances are reproduced in Table N o~. 72 and 73 in the Appendix. 

Whereas in the/first year the performance of plants in the cage was at least equal
Jf not superior to that of the control, in tlle second year it was distinctly inferior.· 
. TABLEiNo. 61. .. 

CompariBon between the average perfor~ance of planls inside and outside the cage. 

Year. 1924-25. 1925-26. 

1---------------------------
Character. 

Insi+the Outside the Inside the Outside the 
cage cage cage cage 

8 plants. 10 plants. 10 plants. 10 plants. 
i 

Btem height in ems.' • • • • • • 
.. in node number • • • • • . 

Number of leaves •• •. •• 
f " of vegetative buds • • • • 

" of ftowerbuds •• • • • . 
Shed buds •. • " •• •. 
Percentage bud shedding • • • • 
Flowers·· •• •• •• •• •• 
Shed bolls .• •• •• •. 
Percentage boll shedding • . • • 
Ripe bolls •• •• •• •• 
Percentage total shedding • . • • 
Percentage success of bolls from buds .• 

, 
I 14:~9 56·6 15;·8 34·4 

I 
29 ,- 48 18 

723'6 608·7' 742·5 945·2 
359~6 319·' 400·7 646·8 
364·0 289·3 341·8 298·4 
302:·5 225·4 276·9 211·0 

83·1 . , 
-

77·9 81·0 70·7 
61·5 63·4 64·9 81-4 
34·6 37·8 36·0 57·4 
56·3 59·2 55·5 65·7 
26·9 26·1 28·9 30·0 
92·6 91·0 91·5 89·9 
S·~ 9·0. 8·5 10·1 _", 

-
j'urther, the plant.s ih the cage produced a larger numbe~ of Hower-buds, asmaUer 
,number of flowers but an equal number of bolls. OntbUJ a~count, the percentag, 



92 

shedding of buds in these plants· was greater and that of boll shedding always 
less, the net result amounting to a reduction in the percentage succe88 of buds 
developing into mature bolls. 

The study of the cage plants from the stand· point of the time required to put 
up the total growth is of special interest. The leaf production was of a protracted 
nature and continued longer than that in the control by a period of nearly a month 
(Graph No: 29 and Table No. 74 in the Appendix). While the production of leaves 

GRAl'H No. 29. 

Periodical average productifm oj WsVe8, jl()Wer.buda and jl()WerB oj plants gr~ inBide 
and outside the cage. 
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ceased by the middle of December in the case of control plants, that in the cage 
continued till about the middle of January. Flower-buds appeared rather late and 
their production was also similarly prolonged by one month or so. Flowering 
tlommenced later by one or two weeks and was liltewise of a protracW nature. The 
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intensity of flowering of the control plants at any stage was much higher and was con
fined to about four weeks. In the cage-plants, on the other hand, this was delayed 
by !>ne month. It may be further obse~ved that in the year 1925-26 the flowering 
perIod of the cage-plants was characterised by two flushes, owing to causes that 
will be referred to later. . 

AGE OF BUDS AT FLOWERING UNDER CAGE CONDITIONS. 

Flower-buds require a longer time to open into flowers (Table No. 62). This 

TABLE No. 62. 

Freqmncy 0/ jlOOJer-buds OICCOTding to the number 0/ days required lor flowering inside 
and outside the cage. 

1924·25. 1925-26. 
Total of 8 plants. Total of 10 plants. 

Class value in days. Plants in 

I 
Plants Class value Plants in 

I 
Plants 

outside in days. outside the cage. the cage. the cage. the cage. 

Frequency. I Frequency. Frequency. I Frequency. 

23 .. .. .. .... 2 20·5 1 4 
-

28 .. .. . . .... 4 24·5 4 38 

33 .. .. . . 1 21 28·5 29 235 

38 .. ... .. 0 59 32·5 130 356 

43 .. .. ., 50 237 36·5 232 185 

48 .. .. . . 121 202 40·5 206 43 

53 .. .. .. 115 84 44·5 38 13 

58 .. .. .. 100 30 48·5 7. .... 
63 and above .. .. 96 . ... 52·5 2 .... 

Total .. .. .. 492 639 649 874 

Mean .. ... .. 53·41 45·65 37·16 32·" 

S. E. of Mean .. .. 0·30 0·23 0·17 0·14 

is in general agreement with the protracted nature of growth of the cage-plants 
as a whole. In 1924-25, the upper and lower limits of the age differences were, 
twenty-three and sixty-three days, while in the control they were twenty-three and 
fifty-three. Though the range of differences betwee~ the two sets of plants ~oes 
not appear to be very wide, it will, however, be notlced that whereas about thlrty 
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bilds (4~ 6 per cent.) blossomed at the age of fifty-three days' and abOve ill the control, 
the number of flowers older than fifty-three, on the cage-plants, was as much 8.a 196 
(39 per cent. of the total). Next year again the same relations were obeeryed, though 
the range of variation in both the sets of plants shortened by about ten to fiftooD 
days. . . 

EXTENT 01' SHEDDING. . 

Shedding commences Boon after bud production and continuesthrougboul the 
period of bud formation and a little .over. This period can well be divided into three 
sections in relation to the formation of buds. (Graph No. 30 and Table No. 75 in the 
Appendix.) In the first period which extends over a. few weeks, .. all the.buds shed: 
in the second which covers more than eight weeks some of the buds formed develop 
into flowers while the rest shed; in the third period, bud shedding is again wholesale. 
Thus, the total shedding of buds in the cage-plants amounted to' eighty-three' per 
cent. as aga.inst seventy-eight in the control. 

GRAl'H No. 30 • 

. Average 8hedding of buds relative to forrnmiQn. 

----Flower.bud fonnation; ••.•••.••• Relative bud·shedding. 

Control. 
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THE AGE OF SHED .:BUDS. UNDER CAGE CONDITIONS. 

. . With regard to the age of buds at which they shed, it will be seen that the range 
of variation in the year 1924-25 in both the sets was longer than that in 1925-26 
~Table No. 63). The age of the majority of shed buds in these sets though it varied 
In the two years, was almost the same. Thus, in the first year it was between thirteen 

TABLE No. 63. 

Frequency of shed buds of plants in the cage and outside, according to age in days. 

1924-25. I 1925-26. 

Class value in days. 
Shed buds of Shed buds of 10 Shed buds of Shed buds of 10 

8 plants in plants outside 10 plants in plants outside 
the cage. the cage. the cage. the cage. 

3 .. .. .. . . 12 14 90 203 
\ 

8 .. " .. . . 38 42 349 395 

13 .. .. " .. 197 220 968 562 

18 .. 
307 ·363 676 420 .. .. .. -. 

23 .. " " .. 235 280 362 250 

28 " .. .. .. 185 215 141 103 

33· .. " .. .. 88 111 34 34 

38 .. .. .. .. 52 70 6 It 

43 .. .. .. .. 25 31 1 2 

48 " .. .. .. 15 '21 .... .... 
53 and ab,'ve .. .. . . 14 20 .... . ... 

Total .. .. .. . . 1,168 1,387 2,627 1,978 

Mean .. .. .. . . 22·63 23;04 15·79 14·57 

S. 'E. of Mean •• 
' . 

0·27 ();25 0·12 0·16 .. , . 

and twenty-eight days, while in the following year it was between eight and twenty
three. This shows that in the second year, younger buds shed in the two sets. 
It is therefore certain that on the basis of the data for these two years, the 
character of shedding of buds was not influenced by the altered conditions of 
environment within the cage . 

. SIZE OF SHED nUDS UNDER CAGE CONDITIONS • 

. As a. corrollarv fx:omwhat has been just discuBsed in the preceding paragraph, 
the bulk of shed b~d8 consists of young forms. Their size is generall'y below 2 DUll. 
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TABLBNo.M. 

OlaBaificatifm oJ periodically BOOI. bud8 iMide and 01d8ide the cage, according to M. 
1924·25. 

Total of 8 plants inside the cage. I Total of 10 plante outeide the cage. 

Period en~ng Size of shed buds. I Size of abed buda. 

Small. IMedium I Large. I Total. I Small. IMedium I Large. I Total. 
~ . -

I 

22nd Sept. 1925 .. .. .. .. 6 .. .. 6 

29th Sept. 1925 8 .. .. 8 82 .. .. 82 

6th Oct. 1925 44 .. .. U 73 .. .. 73 

13th Oct. 1925 68 .. .. 68 132 .. .. 132 

20th Oct. 1925 84 .. .. 84 159 .. .. 169 

27th Oct. 1925 93 2 Ill; 180 
. 

180 .. .. I .. I 

3rd Nov. 1925 110 .. .. 110 178 4 .. 182 

11th NoV. 1925 56 .. .. 56 89 3 1 93 

17th Nov. 1925 129 .. .. 129 146 7 .. 163 

24th Nov. 1925 113 .. .. 113 89 8 3 98 
J 

7th Dec. 1925 104 2 .. 106 65 15 2 72 

8th Dec. 1925 JlO .. .. 60 OJ 14 4 112 

15th Dec. 1925, 102 3 .. 105 187 16 8 209 
•• 1. 

22nd Dec. 1925 87 4 .. 91 192 45 14 261 . ... 
~h Dec. 1925 7-1 " 1 79 138 23 6 168 

5th Jan. 1925 43 2 .. 45 38 14 2 54 
, , 

12th Jan. 1925 30 2 .. 32 39 1 3 43 

19th Jan. 1925 69 1 .. 70 14 2 .. 16 

'26th Jan. 1925 56 2 . . 58 23 .. .. 23 
,', 

.2ncl ;Feb.· 1925, 102 7 1 110 28 .. .. 28 

~ota1 .. .. 1,432 29 2 1,463 1,951 140 40 2,131 

(Table Nos. M a.nd 65). From about the middle of October, medium and large 
buds begin to shed but their num~r is small. In the. control. plants, h:,"!,ever, 
,the number of shed buds of the medium and large class 18 apprecIAble. ThJ8 1M the 
zeault. of, the spotted boll· worm damage. 
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TABLE No. 65. 

C14sBification oj periodicaUy 8hed buds inaUle and outside the cage according to size. 
1925-26. ' 

Total of 10 plants il!- the cage. I Total of 10 plants outside the cage. 

Period ending Size of shed buds. 
! 

'Size of shed buds. 

Small'. tMedium·1 Large;' f Total. ! Sman. !Medium.! Large. 
! 

Total. 

6th Sept. 1925 .. .. .. .. 2 .. I .. 2 

13th Sept. 1925 12 .. .. 12 25 .. .. 25 

20th Sept. 1925 35 .. .. 35 39 .. .. 39 

27th Sept. 1925 81 .. .. 81 32 .. .. 32 

4th Oct. 1925 131 .. .. 131 35 7 2 " 
11th Oot. 1925 137 .. .. 137 78 12 .. 90 

18th Oct. 1925 81 .. .. 81 70 17 5 92 

25th Oct. 1925 143 26 3 172 127 91 9 227 

1st Nov. 1925 81 18 3 102 103 48 14 165 

8th Nov. 1925 69 45 27 141 48 27 11 86 

15th Nov. 1925 110 71 17 198 33 15 13 61 

22nd Nov. 1925 226 120 34 380 55 68 6 129 

29th Nov. 1925 86 3 .. 89 56 20 5 81 

6th Dec. 1925 '42 2 .. " 48 40 11 99 

13th Deo. 1925 55 12 2 69 47 53 11 111 

20th Deo. 1925 66 16 6 88 25 23 23 71 

27th Deo. 1925 54 6 3 63 10 4 1 15 

3rdJan. 1926 80 12 7 99 10 .. 6 16 

, ' 

Total .. .. 1,489 331 102 1,922 843 '425 117 1,385 

--

BOLL SHEDDING UNDER CAGE-CONDITIONS. 

Like bud shedding, the shedding of bolls comm~nces SQ<>n afte~ the start of t.he 
flowering period (Graph No. 32 and Table No. 76 In the Appendix), and goes on 

18 
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in varying degrees throughout. Xu ~ontrast to bud shedding. all the early forma 
dQ not shed and the yield of the plant is built up from these early Bowers. ~ the 
'Jater bolls, however, shed completely. In the case of the control plantB. on the 
other hand, many of the early bolls shed owing to the spotted boll-worm damage. 

-.'O! GJU.t>H No. 31. 

Weekly average 8kedding of bolls relative· to }lower formation in planU ill 1M cage and 
_. outBide. 

---:Flowering •.•••••••• Boll.shedding ... 

Cage. 

Control 

... 
AGE OJ!' SHED BOLLS. 

Most of the shed bolls in the cage vary in their age from five to eleven day •. 
Bolls older than'twenty days rarely shed (Ta.ble No. 66). In the case of tne control 

-plants, though the bulk of the shed forma are·between five to eleven day. old. their 
proportion. to that in the cage pJantB is always greater. Bolls older than twenty 
days also shed. These differences between the two setB are rather due to boll-worm 
damage tha.n to the differences in the environment of the two setB. 

The age of shed bolls according to the time of their formation on the plant 
is of considerable interest. The bolls which ·appear early a.nd late in the 8ea.aoD 

rshow & tendency to shed young. Those in the midst of the boll-setting period 
• exhibit a tllndenc}, to shed .w.hen .tlieyare older. 



TABLE No. 66. 

Frequency 0/ shed bolls inside and outside the cage accordi1!{/ to age in days. 

1924·25. I 1925·26. 

Days. Total shed bOllSITotal shed bOIIs\TotaI shed bOIIsrotaI shed bol 
of 8 plants of 10. plants of 8 plants in of 10. plants 
in'the cage. . outsIde the th outsIde the 

cage. e cage. cage. 

2 .. .. .. .. 2 11 25 35 

5 .. .. .. .. U 50 96 ,152 

8 .. .. .. .. 88 96 135 201 

11 .. .. .. .. 70 65 65 102 

14 .. .. .. .. 25 28 25 41 

17 ' .. .. .. .. 5 25 5 16 

20 .. .. .. o. 8 12 3 5 

23 ., .. .. .. 4 3 2 5 

26 ... o. .. ',' .... 2 . ... 1 

29 .. .. .. .. 2 4 . ... 2 

32 .. .. .. '.' . ... 3 .... 2 

~5 .. .. .. .. .... 1 . ... 3 
- .... 

38 ., .. .. .. . ... 0 . ... 1 

41 .. .. ',' I." _ .. 1.0'" • 2. .... 1 

44 .. .. .. .. 1 0 . ... 1 

47 and above .. .. 1 5 . ... . ... 
Total .. .. .. .. 250 . 307 356 567 

~ean .. .. .. .. 10·14 11-39 8·05 8·73 

ItE of Mean .. .. .. 0·33 0·44 I 0·19 0·21 

EFFICIENCY OF RETENTION· OF BUDS AND BOYS ON DIFFERENT KINDS, OF 
BRANCIIES UNDER CAGE.CONDI'l'IONS. 

Is 

From the point of view of the total flower-bud production, the number of 
flowers formed and the' bolls retained, the performance of the primary sympodia 
is the most striking (Table No. 67). Their efficiency is seen from the final number 
of buds growing into mature bolls out of the total buds produced which stands 
at twelve as against four and five of the limbs and the auxiliaries respectively. 
Under the spotted. boll-worm conditions the auxiliaries ,haye been found to be the 
best in this. respect .. ' - -'~ " 
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'l'ABLB No. 67. 
E.Jficiency oJ Umb8, auxiliarie8 anti prtmIJry 8ympodia in rtgarcl 10 .flpwer.bud 

production and their retention. 

192'-25. 

Flower. 
Pe~~.u~of 

Branch. buds Flowers Bolla. -
formed. opened. 

Flowerbuds I Flowers into I Flowerbuda 
into flowen. bolla. into bolla. 

Limbs .. .. 122·2 12·1 
I 

f·7 9·9 38·8 3·a 
Primary 

'3·2 '11·0 sympodia .. 139·7 38·7 16·7 27·7 

Auxiliaries ,. 90·1 9·f 3·9 10'f '1'5 f·! 
. . 

Tot .... l .. .. 352·0 60·2 25·3 17·1 \ '~·O 7·2 

From the foregoing it will be abundantly clear that the growth manifested by 
the cage plants is not merely the result of the unhampered .developme~ of the stem. 
but is largely the expression of the peculiar environment within the cage. The 
pale yellow appearance of the leaves and bracts indicating a low content of green 
matter or the chlorophyll, the elongated condition of the 4iff~nt organs, the pro
tracted nature of both the production and subsequent development of the several 
organs" of the plant are among the characteristics. which strongly favour of. etiot;.. 
tion. The nature of environmental factors which bring about the differences in 
the mOde and manner' of ~owth of plants within the cage and outside will now 
be taken up. 

CLniATIC CONDITIONS INSIDE AND OUTSmB THE CAGE. 

Complete climatol..ogical data could not be maintained during the first two 
or three months after sowing as the fields were not accessihle owing to rains. Tem· 
perature records were, however, kept up by installing a thermograph in a Steven
son's screen placed in the laboratory compound about three furlongs west of tho 
experimentallirea. . . 

Daily records of the climatic factors were maintained both inside and outside 
the cage after the cessation of rains. Air temperstures were recorded by mean8 of 
Six's maximum and minimum thermometer fixed to a post in the midst of the 
crop area at a heigbt of four and a half foot, from the ground. Humidity waa 
measured by the use of Mason's hygrometer. This waa kept by the side of the 
Six's thermometer, both the instruments being exposed to the north side to avoid 
the direct rays of the 8un. 

The total desiccating effect of the climate complex was estimated by measuring 
the quantity of water lost by evaporation from an open pan. For this purp08e. 
an aluminium vessel, twenty·five cms.in diameter with a capacity to hold 5,500 cca. 
of water, was employed. This was lined inside with black paint while ita rim was 
eovered with white paint. Further, for eliminating the heating effect of the sides, the 
vessel was encased in a deal·wood box specially made for the purpose. Thia wu 



~OI 

mounted on a. wooden platform in the experimental plot. The approach of birds 
to thu, vessel was prevented by enclosing it with a fine net about forty-five 
ems. a,,*y from the pot. The vessel was refilled every day at 8 a.m. with 
a. fresh quantity of tap.water after recording the loss during the past twenty'
four hours. Thus, two separate sets of instruments were employed for recording 
the environmental conditions in the cage and outside. ... 

We shall first compare the seasonal fluctuations in the march of meteorological 
factors in so far as they related to rainfall, temperatures, humidity, wind velocity 
and the evaporating power of the atmosphere; correlate them with plant . per
formance under field conditions and then tum to the study of the environmental 
conditlons both inside and Outside the cage and their influence on plant growth. 

COMl'ABISON OJ!' THE WEATHER CONDITIONS IN THE YEARS 1924-25 AND 1925-26. 
I> Rainfall. 

The two years materially differed with regard to the total amount of rain received 
and its distribution (Graph No. 32 and Table No. 77 in the Appendix). In the 
year 1924-25, the rainy season continued up to the end of September, the total 
rainfall amounting to forty. one inches. The rains, this year, were well distributed. 
During the next year, however, the total precipitation did not exceed twenty-seven 
inches and the distribution was also erratic. Nearly nineteen inches of rain fell 
before sowing (3rd July). The remaining eight inches were obtained during the 
months of July and August after which the rainy season practically ended. The 
year 1925-26 was thus drier than the preceding year. 

" • 

" 

• 

" 

GRAPH No. 32. 
Weekly total rainfall in inches. 

Temperature. 
The season of 1925-26 was hotter than the previous one_ The maximum te.m 

perature this year in the months of October, November and December-the penod: 



102 

of active growth-was higher by5° to ioo F., 5° to 7° F., 4° to 7° F., rel!pectively, in: 
the three months. Similarly, the minimum temperature during all these months was 
higher .. It was higher by 2° F. up to the middle of October, by 6° to 14° F. up to 
the end of November and higher by only one degree during the whole of December, 
(Graph No.-33,and Table No. 78 in the Appendix). 

GRAPH No. 33. 

Weekly mean maximum and minimum temperatures in 1924-25 and 1925-26 . 
. _. . 

(Records from a hygrograph housed in a screen in the compound of the laboratory.») 

0--0-, -. Maximum temperature. ----M.inimum tem~ature., 

, > 

'·IO·''7.24.t .8.'s..8i!aaO.ta·'''i!62.S. '6 ..... 7. •• iii' ............. e.s. ... nSt.7 ....... 2& ....... aft .. 
.Ju,.,.. .Julv. Aug. Sept. O"t, Nov. De". . "'"'ft. F'eb. 

Another important point to which attention may be invited is the time of the 
commencement of the increasing divergence between the maximum and the minimum 
temperatures during the two years. In 1924-25, the temperatures diverged from 
the first of October, while in the next year this occurred a wee~ earlier. 

Humidity. 

The data. on humidity for both the years have been obtained from the records 
of the Indian Meteorological Station at Surat and these have been studied in ad· 
dition to those obtained in the field after the end of the rainy season (Table No. 79 
in the Appendix). They show that the year 1924-25 was more humid up to the 
third week'oLOctober. Hereafter, however, the humidity was ley excep' in the 
mont~ of December..·, 
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Wind velocity. 

. Weeklyavlfrage velocity of the wind in miles per hour was higher during the 

. firs~ year (Tabltj No. 80 in the Appendix). . 

Evaporating power of the attrW8phere. 

The evaporating power of the atmosph.ere represents a single index of the 
combined effects of all the. meteorological factors. It is, therefore, an important 
measure of the climatic complex. It will be seen from the figures given in Table 
No. 81 in the Appendix that the rate of evaporation of water was greater in 1925-26, 
indicating that the tax on water transpired must have been considerable. 

Thus, the year 1925-26 \Vas characterised by less rainfall, higher temperatures, 
less humidity, lighter winds and a higher desiccating power of atmosphere. The 
effect of all these changes in the environmental conditions on the performance 
of the field plants had been greater and resulted in an intensive production of vege
tative buds, flowers, and bolls and finally a better retention of bolls on the basis 
of the total flower-buds incepted (Graph No" .29). Further, the span of growth 
of these plants was shorteried by a fortnight or so in spite of the greater virulence 
of the boll-worm this year. 

COMPARISON OF THE CLiMATIC CONDITIONS IN THE CAGE AND OUTSIDE. 

The environmental conditions in the cage for the two years are not strictly 
comparable in view of the modifications introduced in the construction of the cage 
during the second year which affected, among other things, the light intensity. 
Hence, a comparison of the atmospheric conditions that prevailed in the cage and 
outside will only be made for the two years. 

Intensity of light. 

The most striking difference between the two sets of conditions was in regard 
to light intensity.. While the plants in the open received the full benefit of bright 
sunshine, those in the cage suffered from weak light intensity. In the second year, 
the cage was better lighted but the use of the glass panes absor\>ed some of the 
light-rays essential for the manifestation of healthy growth. 

Temperatu1·e.· 

In the year 1924-25, the maximum temperature in the cage was lower and the 
minimum higher than that in the open. The difference with regard to the former 
was of the order of 0'50 to 2° F. while that with regard to the latter varied from 
0'50 to 3'50 F. (Graph No. 34). 

In 1925-26 on the other hand;tM maximum temperature in the cage was higher 
by 0.50 to 1.50 F. (Graph No. 35). The minimum, as in the previous year, was .always 
higher by 10 to 40 F. The J.¥gher maximum temperatur~ in, ~he cage durmg the 
second year was evidently ~he ~ffect of t.he glass panes whICh bemg bad conductors 
gave out heat less readily to the outeJ;' atmosphere. 
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HU14IDITY AND THE WATER EVAPOBATING POWER 01' THE ATKOSPHKU. 

The conditions in the cage during both the years were always distinctly more 
humid till about 2-30 p.m. Hereafter, the humidity was less than that in the open 
(Table Nos. 82, 83 and 83A in the Appendix). The water evaporating power of the 
'atmosphere in the cage was much less (Graph Nos. 34 and 35). 

GRAPH No. 34. 

Weekly mean maximum and minimum temperatures and 1M rate 01 water etItIpMlllto" 
bot" in cage and outBide. 
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GRAPH No. 35. 
Mean maximum and minimu.m temperature& ~nd the rate of water evaporation 
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These differences in the environment of the cage and the outside. plants were 
responsible for the characteristic behaviour of growth in the two sets already studied. 
The etiolated condition of the plants in the cage and the protracted nature of their 
growth were directly the outcome of low-light intensity and other related factors 
such as higher humidity, low range of fluctuation in temperature and the result
ing low desiccating power of the atmosphere. Further, it has been pointed out in 
connection with the outside plants t.hat the season of 1925-26 was more conducive 
to a vegetative type of growth and a better capacity, on the part of the plant, for 
boll retention. This is seen, though in a less intense form, in regard to the cage 
plants as well in that year. 

Thus although the experiment proved to be successful in keeping out the spotted 
boll-worm, shedding of buds and bolls continued unchecked, owing probably to the 
fact that the environment within the cage and outside had not been the same. Thus, 
the question whether or not shedding of the reproductive organs could be checked 
if plants were grown in the absence of the boll-worm but under otherwise identical 
conditions of the environment remained unanswered. 

1<1, 
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II. PLANTS GROWN IN TIlE ABSENCB OJ' BOLL·WORM BY TIlE METROD OJ' .. NIGIl"l'. 
CAGING." 

While this was the state of affairs, Kasa.rgode found that the infection of the 
plant by t~e spotted boll·worm takes place mainly through two sources, namely, 
the egg.laymg by the moth and the crawling up of the caterpillar from the neighbour. 
ing plants. He further discovered as a result of his studies on the life bistory of 
this insect that the moth lays eggs on the plant during the night and never by day. 
On the basis of this knowledge, Kasargode (1927) devised a now and ingenious 
method for- raising plants perfectly free from the spotted boll-worm undor normal 
conditions of environment. 

His method is exceedingly simple and requires no technical skill. The 
equipment necessary is a mosquito. net of suitable dimensioD8 to cover up the whole 
plant so as to keep out the moth during the night time and a circular, metallic trench 
about three inches in width to cut off the access of the wandering caterpillar. 
Before the outbreak of the pest when the plant is between 8ix inches to nine 
inches in height the trench is introduced and permanently fixed in the 
ground. It is filled up with water and a small quantity of oil added to form a 8U
pernatent layer, water lost by evaporation being replenished everyday. The 
plant is covered every evening with mosquito· netting fitted up over a light wooden 
frame (3' X 3' X 4!') and uncovered every morning. In later years bamboo 
poles or iron pipes (r in diameter) were substituted in four corners for the 
wooden frame, to which strings were tied to hold the net. By this means, any 
number of plants can he protected with a single curtain, each plant requiring 
independent trenching. 

This new method is known by the name of "Night.caging" and the plants 
grown by this method will he referred to hereafter as .. protected plants .. so as to 
distinguish them from those" unprotected .. or grown under spotted boll·worm 
conditions. Kasargode gave a trial to this method on a set of ten plants in 1925-26 
and found at the end of the crop season that it surpassed all expectations. With 
his kind courtesy, we availed ourselves of this method and have grown plants 
successfully from the year 1926.27, in the absence of the insect. 

GROWTH STUDIES OF TIlE PROTECTED PLANTS. 

The development of the protected plants under natural 8Urroundings atlords 
the right type of material for judging the influence of the spotted boll·worm damage 
on the manner of the plant growth and for elucidating the factors which govern 
the magnitude of that growth. We may therefore study the development of the 
plant as it takes place from stage. to stage and compare it with that of the 
unprotected. . 

DEVELOPMENT OF TIlE ROOT SYSTEM. 

The study of the root system of the protected plants was started for the first 
time in the year 1929-30 and was continued till 1931-32. The manner of growth and 
the general structure of the root system of these plants are essentially the lame 
as those found under the spotted boll·worm conditions (pages 36-48) and Jleed 
not be repeated. Attention may, however, be drawn here to the differe1lClN in 
the numerical strength of roots of the different orders, their length and the 
feeding zone of the system as a whole. 
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The tap root penetrates the soil to an average depth of about 100 ems. within 
the period of four to five months, the range being from 90 to 120 ems. in the different 
years (Table No. 84 in the Appendix). It may be further noted that the 
.ntensive period of growth of the tap root and its cessation was the earliest in 1929. 
30 ; very late in 1931·32 and intermediate in 1930·31 (Graph No. 36). 

GRAPH No. 36. 

Downward march of the tap root of the protected and the unprotected plant8. 
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The tap ro~t gives rise to a number of primary branches varying from sixty 
to seventy (Table No. 85 in the Appendix). Out of these twenty to twentr·th~ee 
grow to their full size to form the. frame-work of the syst.em, their le~t~ oscillatmg 
between 1,350 to 1,500 ems. (Table No. 86 in the Appendix). ThemaJonty of these 
roots are produced before the end of October. and are confined to a depth of about 
thirty to forty ems. 
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The number of roots of the second order fluctuates every year betwoon 300 
to 450 (Table No. ff1 in the Appendix). :rt108t of these are very small and represent 
the absorbing surface. The number of large laterals of this order varit'S 
over a wider range and on this account, their lengths exhibit great difIerenCE08 
(Table No. 87A in the Appendix). The peculiar environment of the year 
1929-30 to be referred to later, was responsible for a material reduction in the number 
of large laterals of this and the subsequent orders, though by way of compel188tion 
as it were the magnitude of small roots happened to be greatly increaaed so much 
so that compared with other years the density of roots in relation to total length 
was nearly doubled. This also occurred in the case of the unprotected planta 
of this year (Table No. 49 in the Appendix). 

The roots of the third order are within the range of 150 to 200, their length 
varying from 225 to 335 cms. Those of the fourth order are always below twenty
six in number. All these roots are small and go to increase the absorbing surface 
(Table Nos. 88 and 89 in the Appendix). 

The total strength of roots of all the orders in different seasons is within the 
range of 550 to 650 (Table No. 90 in the Appendix). The number of large roots 
of the entire system lies somewhere between thirty and fifty-five, the total length 
fluctuating from 1,700 to 2,800 ems. (Table No. 91 in the Appendix). 

Nea9Y sixty per cent. of tips of the large roots or in other words the feeding zone of 
the root system lies within the depth of forty ems. (Table Nos. 92, 93 and 94, in the 
Appendix). The rest are spread in the lower reaches of the soil to a depth of 
100 ems. It is needless to say that their number rapidly falls with iocl'tl88ing depth. 
The following table gives an idea of the downward progress of the large laterals. 

1 

1 

1 

Fortnight 
~nding 

Years. 

92 .... 30 •• 

9~31 •• 

931-32 .. 

TABLE No. 68. 

Downward march oJ large rool8 oJ the protected planl8. 

9/9 1 23/9 I 7/10 I 21/10 I 4/11 1 18/ 11 I 2/11 \16/12 I 80/11 I U/l 

I 
, 

Soil depth In ems. 

.. 30 30 40 50 50 50 50 60 TO 

.. _ . .. 40 50 50 90 90 90 90 

.. .. .. .. 40 50 70 80 90 100 

CoI!rIPARISON OF THE ROOT SYSTEMS Oll' THE l'ROTECT1!:D AND 

UNl'ROTECTED PLANTS. 

I 
I 

70 

100 

100 

When the plant gets subjected to the usual damage by the boll-worm, the 
tap root shows extra growth, reaehes lower depths and prolonga ita march by an 
interval varying betwoon three to six weeks. This additional depth is not gained 
by the tap root during only the extra period of elongation. It.ill be Been that 
much earlier in the season the tap root manifests more activity and descends 
faster into the lower layers of the soil than its contemporary under protected 
conditions (Graph No. 36). The difference between the rates of descent of 
the tap roots belonging to the two sets of plants first arises soon after the appear
ance of the boll-worm and widens steadily with the virulence of attack. 



IOn 

The number of large laterals and their length is less in the protected plants 
while the density of roots per unit length has been found to be higher (Table No. 69). 

TABLE No. 69. 

Comparison 0/ the root systems 0/ the protected and the unprotected plants. 

1929-30. 1930-31. 1931-32. 

----

RoolB oj Ih e 181 order. 

Number of small roots .. 56 56 40 25 41 30 

Number of large roots .. .. 23 21 22 25 24 23 
I 

Length of large roots in ems .. 1342 1549 1461 1671 1494 1800 
-

Roou of the 2tld order. 

Number of small roots .. 461 468 286 316 316 316 

Number of large roots .• .. 8 6 31 32 I 28 34 

Length of large roots in ems. .. 364 574 1136 1578 I 1059 1203 

Roou of the 3m order. 

Number of small roots .. 144 133 171 236 218 165 

Number of large roots •• .. 0·4 1 4 5 9 5 

Length of lar~ routs in ems .•. 6 30 239 318 385 175 

Root... oj 'he 4th order. 

Number of small roots .. .. 10 26 34 16 15 

Number of large roots .• ., .. .. 1 1 0·2 0 

Ll'Ingt,h of large roots in ems. •. .. .. 12 45 4 . . ._-
ROol8 of all order8. 

Number of small roots .. 638 638 491 613 555 501 

Number of large root.'! .. .. 29 32 56 60 57 59 

Total No. of roots .. .. 667 670 5n 673 612 560 

Total length of all large routs 1746 11)76 2795 3547 2831 2888 
in ems. 

I 

The number of roots per I 19 21·6 19'4 100 ems. .. .. . . 38·2 :l5 19·5 
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Other important difierences between the root systems of the two sets are thOlie 
related to the period of their growth, their dry matter and the extent of depth reach. 
ed by them. Under protected conditions, the plant builds up its root system 
earlier by a period which varies from three to six weeks in difierent years. Further, 
with the commencement of damage by the boll.worm, the dry matter of the roots 
of the unprotected plants increases at a greater rate (Table No. 95 in the Appendix). 
Consequently, the root system of the protected becomes relatively lighter. Finally, 
although tbe zone of the majority of roots in the two sets is the same, difierencea 
arise in regard to the extent of depth reached by the rest. These roots in the 
protected plants go to a depth of about 100 cms., while those in the unprotected 
penetrate the depth of 150 cms. 

To sum up, it may be stated that the root system of the protected plants is 
less extensive and is built up within a shorter time. It is shallow, lighter and more 
dense in its spread, the rate of descent during the progress of growth being 
conspicuously less. 

DEVEWPMENT OF THE SHOOT. 

Growth oj the main stem. 
It maybe recalled that under crop conditions the main axis of the cotton plant 

gets pruned by the spotted boll-worm or the shoot-roller specially during the months 
of September and October. In the case of plSJ.nts protected from the spotted boll. 
worm, nearly eighty-five to ninety per cent. of the shoots grow unhampered in their 
main· stem while the rest are damaged by the shoot-roller. The average progressive 
height reached by the stem from time to time during the season, varies a good deal 
in difierent years (Graph No. 37) with regard to the time of accelerated growth, 
its rate and duration (Table No. 96 in the Appendix). 

GRAPH No. 37. 
Average progre88ive heig'hl, oj the main stem oj the protected plants. 

r 
A 

MO 

.-·-"--~""-15? 

.-.-.-~-... 
_n..S-neG 

-"'---~--""-'!lS' 
--1801-I1Ua 

- . 
"'-. 



III 

Normally, the stem grows to a height of 110.7 ems. with a S.D. 11.22 (Table 
No. 70). The yearly differences which range between eighty-five and 140 ems. are 

TABLE No. 70. 
Average height oj main 8tem and the period oj its elongation. 

I 

Number of Cessation of Days between Average 
Years. plants under Date of stem elongation sowing and total height 

measurement. sowing. in week ending. cessation of in ems. elongation. 

1926 •• .. .. 9 4th July .. 17th December .. 167 85 
1927 .. ., .. 9 2nd July 8th January .. 191 111 
1928 .. " .. 19 7th July .. 30th November 147 140 
1929 .. .. .. 18 15th July .. 18th November 126 103 
1930 .. .- .. 20 26th June .. 24th November 152 111 
1931 .• .. .. 15 2nd July .. 4th January .. 187 114 
Average .. .. .... . ... . ... 161·7 110·7 

statistically significant as. will be noticed from the following calculations. The 
period of its growth from the date of sowing works up to 161 days as the average. 

PROTECTED PLANTS. 

Significance oj variation in height oj the main 8t~m in centimeter8 Jrom year to year. 

_-=_oo-Y_e-,a,..f '-;--:-_\' 1926

9

.27. 1927-28. 1928-29. 1929-30. 1930-31.11931-32. 

Number of plants 
under study. 

Mean .. .. .. 84·555 no· 722 139·552 
Standard Deviation .. 50·548 9·676 16·470 .. Error of Mean 1·849 3·225 3·778 

Mean::113·25 
S. D. ::1l'22, i.e., 9·91 % of the mean. 

Bet.ween years .. .. 
Within years .. .. .. 

Analysis of Variance. 

Degrees of 
freedom. 

5 
84 

89 

Sum of 
squares. 

22696·00 
10570·63 

33266·63 

90 15 -
102'777 111·050 114·166 

8·498 11'170 8·841 
2·042 2·499 2·284 

I Mean square. 

4539·20 
125·84 

373·78 

I 

1/2 log •• 
Mean square. 

1·9075 
0·1147 

1·7928 

According to Fisher's table of Z for Nl=5 and N2=84, Z=0·3974 when P=0'05, and 0·5522 
when P=O· 01. 

The seasonal differences are significant. 

The duration of this period appears to be independent of early or late sowing and is 
governed entirely by seasonal influences. In 1929-30, in spite of the late BOwing the 
growth of the stem ceased within the shortest period of 126 days. In 1927-28 on 
the other hand, although sowing was done thirteen days earlier the growth extended 
over 190 days. The earliest sowing took place in1930-31; the stem nevertheless 
continued to grow for a period of 150 days. 



S~ly the height of the stem and the time during which it is made up, bear 
no relation to each other. Thus in the year 1927-28, although the period of growth 
was the longest the growth failed to exceed 111 ems. In 1928.29, the stem grew 
to 140 ems. in as short a period as 147 days. 

It is during two years out of six under study that the accelerated growth of the 
main stem took place earlier within the first eight weeks (Table No. 71 ). The 

TABLE No. 71. 
Percentage 0/ the total height attained by eM. stem at different limu in the Bea8OIl. 

Weeks from Bowing. 

Years. 
18-10. I 10-12·1 12-14.! 14-16·1 16-18·1 18-20 I 20-22. I 22-U. I 24-26. 0-8 

; 
1926·27 .. .. .. 22·6 35·1 53·8 68·8 83·8 94·7 99·3 100·0 

1927·28 .. .. -- 35·1 46·6 59·4 71·9 82·6 90·2 98·0 100·0 

1928·29 .. 14·1 31·9 54·5 69·3 83·7 93·0 99·1 100·0 .. . . 
1929-30 .. 24·2 45·2 61·4 79'2 93·7 99·7 100·0 .. .. .. 
1930·31 .. .. 12·5 27'8 47'4 67·6 84·1 93·' 99·1 99·7 100·0 

1931·32 .. .. 12·6 23·2 38'8 52·0 67·3 82·9 91·2 96·9 100·0 
--------------------------

Average •. 6·7 18·0 38·4 53·8 69·3 81·6 90·8 96·0 98·6 100·0 

acceleration of growth generally begins in other years after this time. Earlier 
intensity in growth leads to earlier cessation of the elongation of the stem and con· 
sequently of vegetative expansion of the plant as & whole. The different years 
can be arranged as follows according to the time of accelerated growth of the main 
stem. (Earliest) 1929, 1928, 1930, 1927, 1926 and 1931 (Latest). The last two 
years are rather identical in this respect. 

Early or late growth of the stem in a season is intimately associated with the 
number of the node from which the first fruiting branch a.riaea (Table No. 72). 
Thus in 1929-30, the stem manifested intensive growth very early in the season 
and in effect the number of node of the first primary sympodium was reduced to 
fourteen. On the other hand in 1926-27 and 1931-32, the years characterised by 
late growth, the place of the first fruiting branch on the stem was the eigbteenth 
and nineteenth node respectively. 

TABLE No. 72. .. 
Average '1IOde-number 0/ tk.e first /ruiti1l{J branch on eM. main stem. 

Years. 11926.27.11927.28.11928.29.!1929.30. jI930.31.11931.32.1 Average. 

Plante under observation •• 10 14 20 20 
! 

20 19 

Mean node number of the 18·4 16·9 15·34 14·4 

I 
16·15 19·4 18·8 

first fruiting branch on 
the main stem. 
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The total production of nodes on the main stem during the season varies in 
different years within the range of thirtyoeight and fortyoeight (Table No. 73) 
average production amounting to 42'49 with a S.D. of 2'182. The year to yea; 

TABLE No. 73. 
A verage number of nodes on the main 8tem. 

Year. I 1926. 1 1927• 1 1928. 1 1929• I 1930. 1 1931. 1 Average. 
0 _____ 

Number of plants under \) 9 19 18 20 15 
growth oounts. 

Mean number of nones on 41·1 47·8 44·1 38·2 40·7 45·7 42·93 
the main stem. 

A vel'age height in cms. of 85 111 140 103 III 114 110·7 
the main stem. 

differences are statistically significant as will be clear from the following calculations, 
PROTECTED PLANTS. 

Significance of variation in height of the main 8tem in node numbers from year to year. 

11926027.11927028. 11928029.11929030. 11930031.11931032. 

---
Number of plants under 

study. 
9 9 III 18 20 15 

Mean .. .. .. 41·11 47·78 44·05 38·22 40·7 45·67 

Standard Deviation .. 2·147 2·387 2·321 1·477 2·755 1·676 

Standard Error of the o· 7156 0·796 0·532 0·348 0·616 0·433 
mean. 

Mean=42·49 
S.D.= 2·182, i .•. , 5·135% of the mean. 

Analysis of variance. 

I
-Degrees of 1 Sum f squares. 

Freedom. 0 
I

" 1 1 log. Mean square. Mean square. 

Between years .. .. 5 858'46 171·692 2·57283 

Within years •• .. .. 84 400·04 4·782 0·78033 

Total .. .. 89 1258·50 14·100 1·79250 

According to Fisher's table of Z for N1=5 and N2= 84, Z= 0·3974 when P- 0'05, and 
0·5522 when P= 0·01. 

The seasonal differences are therefore significant. 

Not..-The calculations given in this table and those given on pages 111,.115, 117, 122 and 
125, were kindly worked out for us by Dr. R. J. Kala.m~ar, Ph.D., o~ tho Agrlcult?,"al Meteoroo 

logical Research Scheme, Poona, and the authors are mdebted to hIM for the assistance. 
16 
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and are attributable t,o. seasonal differences. The number of nodes does not 
necessarily increase with the increase in height of the stem. In 1926-27, while 
the stem grew to a height of eighty-five cms. and produced forty-one nodes, in 
1930·31 its height increased to HI cms. in spite of the same number of nodes. This 
is again illustrated in the case of other years as well. The growth of the stem in 
1928·29 was characterised by longest internodes while that in 1926-27 by the 
shortest ones. 

SYSTEM 01' BRANCHING. 

The mode of branching and the manner of development of the different kinds 
of branches do not materia.lly differ from those studied in the previous chapter on 
the unprotected plants. The essential difference is that under conditions of pro. 
tection, the growth of branches takes place quite undisturbed and consequently 
the plant aC'luires a conical shape (Plate No.6). 

The average production of limbs is about twelve with a seasonal variation 
ranging between nine and fourteen (Table No. 74). Out of these, nearly fifty per 

TABLE No. 74. 

Average production of limbs, primary sympodia and auxiliaries on tM cotton plant. 

(For individual performance, refer toTable Nos. 97 to 101 in the Appendix.) 

Number ofl Limbs. Primary Auxiliaries. Height of 

Year. plants sympo- the main 
under 

Large. I Small. I Total. 
die.. 

Large. I Small·1 Total. 
stem in 

.study. CIJUI. 

1926-27 .. 9 5·5 8·7 14·2 32·1 8·1 7·7 15·8 85 

1927-28 .. 9 5·0 4·2 9·2 34·8 15·4 11·2 26·6 III 

1928-29 .. 19 7·0 5·3 12·3 34·3 16·3 8·iI 24·0 140 

1929-30 .. 18 7·3 6·4 13·7 27·8 8·9 IHi 14·4 103 

1930-31 .. 20 5·5 5·8 11·3 28·7 10·2 3·8 14·0 III 
. .. .. 

a·3 15·3 114 1931-32 .. 15 8·4 5·6 14·0 33·9 7·0 

Average of six .. 6·4 6·0 12·4 31·9 n·o 7·5 18·5 nO·7 
years. . . 

. . 
cent. develop into large branches and give rise to secondary sympodia, the rest .. 
remaining small and" ineffective.". The total number of primary sympodia varies 
from 'year to year from twenty-eight to thirty-five. The average for all years in 
this regard works up to 31· 9. The to~al pr.oduction of auxiliaries is ~u~h Iar~er 
than that of the limbs and stands at eIghteen,. the annual range of vanatIon beIng 
between fourteen .and twenty-six. The effective branches belonging to this: elau 

. number as m,uch as eleven. 



PLATE No.6. 

Normal growth and brallchin[J. 
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Thus, the cotton plant produces on an average about twelve limbs, eighteen 
auxiliaries and thirty primary sympodia showing a rising grade in production with 
the rising level on the stem. Further, the ratio of primary sympodia to effective limbs 
and auxiliaries put together increases with increasing lateness in growth of the stem. 
This will be more particularly observed if alternate years of the series referred to before 
(page 114) are compared. For, in'this order of procedure the seasonal variations are 
well defined and the differences in the ratios more marked. 

The number of primary sympodia is always greater than the number of nodes 
on the main stem above the node at which the first sympodium arises. This is 
because accessory sympodial branches spring up from certain nodes. This tendency 
is more pronounced in years of late growth (Table No. 75). Thus in 1926-27 and 
1931-32, the number of accessory sympodia was about nine, while in the other years 
where the growth was comparatively early, it was about four. 

TABLE No. 75. 
The number of accessory sympodia in different years. 

Earliest. 11929-30. 1928·29. 1930-31. 1927·28. 11926.27. 1931-32. 

ACCeSSOrySymPOdia··1 4·0 5·5 4·1 3·9 I 9·3 8·0 

EFFECT OF DAMAGE TO MAIN SHOOT ON THE PRODUCTION OF BRANCHES. 

Under field conditions, as the stem happens to be damaged by the shoot-roller 
, and the spotted boll-worm at various heights, the number of auxiliaries and primary 

sympodia is sensibly reduced (Table No. 76). Whereas the protected plants give 
rise on an average to eighteen auxiliaries and thirty primary sympodia, the unprotect
ed are not allowed to produce more than ten branches belonging to each type. It 
may be expected that this serious reduction in the number of s)mpodial and auxi
liary branches should lead to increased production of limbs. This happens by 

, increasing the number of effective branches of this order. 

TABLE No. 76. 
Average production of branches in t1~e unprotected plants. 

Limbs. Primary 
Auxiliary branches. 

Year. Number of 
Large. I small.1 Total. 

fruiting 
Large., small.1 Total. 

Total. 
plants. branches. 

-.--
1923-24 .. 99 7·0 2·6 9·6 11·5 7·8 1·0 8·8 29·9 
1924-25 .. 50 8'24 2·34 10'58 14·94 8·90 2·64 11·54 37·06 
1925-26 .. 10 5·2 5·2 10·4 6·0 2·1 2·7 4·8 21·2 
1926-2'1 .. 10 5·7 5·4 11·1 17·4 9·3 6·7 16·0 44·5 
1927-28 .. 20 7·10 6·35 13·45 8·05 5·05 5·45 10·50 32·00 
1928-29 .. 20 7·55 4·65 12·20 9·95 9·15 5·20 14·35 36·5 
1929-:-30 .. 18 10·3 6·8 17·1 9·8 8·4 3·9 12·3 39·2 
1930-31 .. 20 7·50 4·00 11·50 10·10 8·55 4·40 12·95 34·55 
1931-32 .. 20 7·35 4·55 11·90 4·30 2·50 2·95 5·45 21·65 

----
Average. 7·3 4·7, 12·0 10·2 6·9 3·9 10·8 33·0 
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It is important to state further that the percentage increall8 of efiective limbs 
rises or falls according to the extent to which the plant is permitted to produce 
the normal number of auxiliaries indicated by the protected plants. If the stem 
is damaged after production of auxiliaries equal to those in the protected (Table 
No. 77), the percentage increase of effective limbs is enhanced. 

TABLE No. 77. 
Percentage increa&e o/limh8 in the unprotected planta. 

Year. 11926.27. 11927.28.11928.29.11929.30.11930.31.11931.32. 

Percentage increase in 
the production of effec. 
tive limbs .. .. 12·3 1'0 '·9 6·9 16·6 1'8 

Percentage of total pro· 
duction of auxiliaries 
when the stem is da. 
maged by boll worm- 101·3 39·' 67·6 86·' 92·6 36·7 

If on the other hand the production of auxiliaries is leBS than that in the pro· 
tected, the percentage increase of effective limb~ is greatly reduced. Pruning of the 
main stem after the appearance of about forty per cent of the expected auxiliaries 
in a given season, exerts no influence on raising the percentage of effective limbs. 

PRoDUCTION OF VEGETATIVB BUDS. 

Average production of vegetative buds in the protected plants amounts to 
335'55 with a S.D. of 78'4i (Table No. 78). The number of buds incepted from 
year to year varies widely from 227 to 535 and the differences are statistically 

TABLE No. 78. 
Comparative production 0/ vegetative buds in the protected and unprotected planta. 

Year. 11926.2711927.2811928.2911929.3011930.31 /1931.32/ Average. 

Number of 
Protected plants. I 

plants under 10 14 20 I 20 20 20 .. 
growth counts. 

Average Number of vegeta. 257 635 .26 288 227 300 339 
tive buds produced. 

Unprotected plants. 

Number of plants under 10 20 20 18 20 20 .. 
growth counts. . 

Average Number of vegeta~ 328 627 '31 371 328 371 '10 
tive buds produced. 

significant as will be seen from the following calculations. The period of six y8arIJ 
covered by these studies falls into two broad divisions: years during which total 
inception has been very high and those in which it is low. 
--~--------~~------------~~----~~----------

number of auxiliaries in unprotected. 
• These are calculated as X 100. 

number of auxiliaries in protected. 
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PROTECTED PLANTS. 

Significance 01 variation in the number of vegetative buds Irom year to year. 

Year. 11926.27.\1927.28.11928.29.11929.30.11930.31.11931.32. 

Number of plants under 10 14 20. 20 20 20 
study. 

Mean .. .. .. 257·8 535·5 426·55 287·95 226,75 299·85 
S,D. .. .. .. 43'69 137·9 89·95 56·85 46·50 65·90 
S.E. of the mean .. 13·83 36·87 20·12 12·72 10·40 10·74 

Mean=335·55 
S.D.= 78·44, i.e., 23·38% of the mean. 

Analysis of variance 

Degrees of Sum of squares, Mean square. llog. 
freedom. Mean square, 

Between years .. .. 5 1093398·01 218679·60 

I 
2·6936 

Within years •• .. .. 98 602989·75 6152,96 0·9084 

Total .. .. 103 1696387·76 16469·78 1·7852 

AccordIng to FISher's table of Z for N1=5 and N2 =98, Z=O,3974whenP=0·05, and 
0·552, when P=O·OI. 

The seasonal differences are therefore significant. 

The intensity of periodical inception of vegetative buds has taken place 
exactly in the same order in which the growth of the main axis has occurred in differ. 
ent years (Table No. 79). Similarly, early acceleration of the rate of inception 

TABLE No. 79. 

Progressive production 01 vegetative b.uds in terms 01 percentage of the total production . . 
Weeks from sowing. 

Year. 
o-s \ &-10 110-12\12-14\14--10116-1811&-20 \ 20-22 1 22-24 \ 24--26 \26-28 1 28-30 

11126-27 .. . , .. 7'2 10'5 35'3 53'8 73'6 87'9 95'4 97'81 99'3 100'0 

1927-28 .. .. .. 0'5 19'0 38'0 54'4 73'2 84'9 92'8 97'1 99'1 99'0 

192&-29 .. "0 U'S 25'2 41'0 60'9 80'0 96'2 99'7 100'0 .. .. .. 
U211-30 .. 7" 23'5 51'0 77'4 89'S 97"7 99'S 100'0 .. .. .. .. 
11130-31 .. .. 5'S 14'0 25'8 46'5 6,,'S 84'2 96'2 99'0 99'9 100'0 .. 
1931-32 .. .. 4'5 9'5 21'S 32'4 46'S 66'5 78'7 89'7 98'3 100'0 ---------------- ----
Average 1'9 0'9 19'0 32'9 51'2 67'2 82'1 90'9 95'9 98'7 99'7 100,0 .. 
leads to its early cessation, The rate IS generally very low m the first two months 
but gets intensified after this period, 
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COMPARISON 011' VEGETATIVE BUD PRODUCTION IN TB1Il PROTECTED AND 
UNPROTECTED PLANTS. 

The most notable differences which arise between the protected and the un· 
protected plants are with respect to the magnitude and duration of vegetative 
bud production. In the former set, the total inception of vegetative buds is, a.e a 
rule, less and the span of production is shorter by about a fortnight or 80. (Graph 
No. 38 and Table No. 102 in the Appendix.) As in the case of roots. in the present 

GRAPH No. 38. 
Oomparison 0/ tke average progressive production 0/ vegetative ~ in tha protected 

and tha unprotected plants. 
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case also. the extra production of vegetative buds in the unprotected plants is not 
due SO much to the additional period as to the higher rate of inception which 
commences pretty early in the season. 
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PRoDUCTION OF FLOWER-BUDS. 

Average production of Hower-buds varies from 216 to 528 with a mean of 347' 81 
with S.D. of 93'05 (Table No. 80). 

TABLE No. 80. 
Comparison oJ average production oJ flower-buds in the protected and the unprotected 

plants. 

Years. 11926-27.11927-28.\1928.29.\1929-30.\1930-31.\1931-32.I Average. 

Protected Plants. 
Number of plant·s under 10 

14 I 20 I 20 20 20 .. 
growth-counts, 

Number of flower-buns .. 215·7 525·93 528·4 278·4 230·95 294·85 345·7 

Number of plant.s under 10 
Unprotected Plants. 
20 20 18 20 20 .. 

growth-counts. 
Number of flower-buds .. 312·7. 312·6 303·1 297·5 293·1 203·85 287·1 

Difference .. .. 97'0 -213·3:l -225·3 19·1 62·15 -91·00 -58·6 

The seasonal differences are statistically significant as will be evident from the 
following calculations. 

PROTECTED PLANTS. 

Significance oJ variation in the number oj flower-buds Jrom year to year. 

Years. 1926.27·1 1927-28.\ 1928-29. 1929-30·1 1930·31. 1931.32. 

----
Number of plants under 10 14 20 20 20 20 

study. 
Mean 215·7 525·93 528'4 278·4 230·115 294·85 
Standard deviation 50·18 114·9 133·4 63·88 75·63 82·75 
Standard ErrOl' of the 15·88 30·72 29·84 14·29 16·92 18·51 

mean. 

Mean=347·81 
S.D.=93·05, i.e., 26'75% of the mean. 

Analysis oj Variance. 

Degrees of I \ \ i loge freedom. Sum of squares. Mean square. Mean square. 

B et-ween years .. .. 5 1696528·02 339305·60 2·9134 
Within years .. .. .. 98 848406·13 8657·20 1·0792 

Total .. .. 103 2544934·15 24708·10 1·8342 

According to Fisher's table of Z for nl=5 and na=98, Z=0·3974, when P=0·05 and 
0·5522 when P=O·OI. 

The seasonal differences are therefore ~ignificant. 
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Plants in the years 1927-28 and 1928-29 &bowed exuberance of growth and 
in consequence, the number of buds incepted in these years was nearly twice that 
in any of the remaining year,s. 

Flower·buds begin to appear within ten weeks after sowing and their intense 
production starts two weeks later (Table No. 81). The span of their inception 
varies every year within the range of six to eight weeks. The several years under 

TABLE No. 81. 
Progressive production oJ flower.buds during the BeaSon in term8 oJ percentage oJ the 

total flower. buds incepted. 

1926-27 . , ··1 .. . . 0'6 4'8 1.'2] 41'0 67'S 8"0 \16', "'.!I00'U 
1927-28 .. .. .. .. 2'8 8'6 18" 85'2 64'0 82'7 113'8 \16" 1111'. 

192&-29 .. .. 0'1 2'7 10'9 26'1 68'8 SO" \16'1 ""8 100'0 .. .. 
1929-30 .. ., 0'4 0'6 22'6 49'9 77" 97'4 100'0 .. .. .. .. 
193D-81 .. .. .. 0'4 2'0 9'6 82'S 61'0 .82'6 \16'6 99'. 100'0 .. 
1931-32 .. .. .. .. 0'8 4'6 11'1 28" 65'0 76'1 112'1 \16'7 100'0 ----17-91----a7-3 ------------Average 0'1 1'8 7'1 67'9 78'6 90'9 117'1 11." 100'/1 

study range themselves in the same order of early or late acceleration of the rate of 
flower·bud inception as that observed in respect of growth of the stem and 
production of vegetative buds, The years 1926-27 and 1927-28 have, however, 
interchanged their places. 

COMPARISON OF FLOWER·BUD PRODUCTION IN THE PROTECTED AND UNPROTECTED 
PLANTS AND THE EFFECT OF SHOOT·PRUNING. 

While the magnitude of flower·bud production varies a good deal in the pro
tected plants from 216 to 528, it remains pretty steady in the unprotected plant. 
at about 300 except in 1931-32 (Table No. 80). It will be seen that the effect of 
pruning the main shoot by the spotted boll·worm does not always lead to larger 
production of flower-buds. In years 1927-28, 1928-29 and 1931-32 the number 
of buds incepted was sensibly less than that in the protected plants. On the 
other hand, it increased in the remaining three years. These differences cannot 
be explained on the ground of seasonal changes in the environment as they have 
occurred during the same season. The differences have to be mainly ascribed 
to the stage of plant growth at which the shoot happens to be damaged. It has 
already been noted that if the shoot is injured after production of all the auxiliaries 
of which the season is capable, the percentage increase of effective limbs is enhanced. 
If, however, it-is pruned earlier; the number of lower monopodia which give rue to 
flower-buds is reduced. As the main stem is damaged generally within the zone 
of auxiliaries and as no correct measure for judging the percentage increase in 
their effectiveness is available, it may reasonably be assumed that what happens 
to the plant in regard to the limbs must be taking place with regard to the upper 
primary laterals as well. 

On the strength of this knowledge, it will be seen that the years during which 
production of Hower-buds in the unprotected is higher than that in the protected, 
are characterised by an increase in the number of effective limbs and tlice verlltJ, 
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production of about forty per cent. of the normal number of auxiliaries being the 
lowest limit of this variation. 

~oth~r point .wJ?ch needs ~ecial mention is with regard to the period of 
bud mceptlOD. This 18 prolonged m the unprotected by an interval which varies 
in difierent years from one to four weeks (Graph No. 39 and Table No. 103 in the 
Appendix). 

GRAl'H No. 39. 

Progre88ive production of jlower-bud8 duri1lfl the 8ea8on, in the protected and 
unprotected plante. 
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PRODUCTION OF FLOWER-BUDS ON DIFFERENT TYl'ES OF BRANCHES. 

Production of flower-buds by different kinds of branc~es varies !l'. g~ deal 
in different years (Table No. 82). Limbs, primary s)impodia and au~a.nes sho~ 
no definite relation to one another in this respect. ~ ~he average of SlX years, It 

16 



122 

may be said that the sympodia contribute· the largest share towards total bud. 
productio~; the limbs stand second while the auxiliaries occupy a third position. 

TABLE No. 82. 

Flower·bud production on different kindB oJ branchu. 

Year •• I
Number 011 Number 01 Dowers 00. I Perceotage bearlog of _ta ~~~ 

averaged, LlmbS'18!~mpo':fi~ I Aa':~' I Total. Limb. I Prlmar, I Au"lU· • " '.,mpodla arl .. -
192&.-27 .. .. .. 9 7S'9 95'S 43'0 217'7 80'2 "'0 19'8 
1927-28 .. .. .. 9 125'3 167'4 167'4 460'1 27'2 80" 80" 
1928-20 .. .. .. 10 156'0 177'2 190'6 629'7 29'6 8S" 87'1 
1929-30 .. .. .. 18 101'0 104'6 71'S 277'4 36" 87'7 1l5'O 
103(}-31 .. .. .. 20 73'25 114'35 43'85 230'95 81'7 49'6 . 18'8 
1931-.32 .. .. .. 15 122'8 123'0 65'S 801'1 40'S 40'8 18" 

Average .. .. , . 109'6 180" 96'2 836'1 82'6 88'8 IlS'O 

This order, however, is not followed every year though it appears to be frequent. 

CoMl'ARISON OF THE RATIO 011' VEGETATIVE BUDS TO FLOWER-BUDS IN THE PROTECTED 
AND UNPROTECTED PLANTS AND THE EFFECT OF SHOOT·PRUNING. 

The ratio of vegetative buds to flower-buds in the protected plants is nearly 
one in all years (Table No. 83), In the unprotected plant8, howe\rer, it has consider. 
ably varied. On this account, the difference between the ratios of the two sets bas 
failed. to remain constant, Years (1926-27, 1929-30 and 1930·31) in which the 
percentage increase of effective limbs is high, the ratio difference fluctuates be· 
tween minus 0'15 to plus 0'18; those (1927-28, 1928-29 and 1931-32) in which it 
is low, the value of the difference stands somewhere between 0'62 and 0'99, This 
behaviour of the plant is very important as it leads to the observation that if prune 
ing of the main stem occurs before production of about forty per cent, of the 
expected number of auxiliaries in a given season, the result of t1;l.e damage is reflect· 
ed on greater production of vegetative buds. 

TABLE No. 83. 

OompariBon oJ the ratio oJ vegetative bud8 to ftower.bud8 in the protected and 
unprotected plants. 

umber of plants 
under counts. 

N 

N 
N 
R 

umber of vegetative buds 
umber of flower·buds .. 
atio .. .. .. 
umber of N 

N 
N 

Under counts 
plants 

umber of vegetative buds 
umber of flower·buds .. 

Ratio .. .. .. 
Difi'erenr .. in Ratio .. 

11926.27'11927~28'II928.29'II929-30'11930'31'11931.32'IAVerage. 

Protected Plant., 
10 14 20 20 20 20 .. 

257 535 426 288 227 300 339 
216 526 528 278 231 295 346 
1,2 1,02 0,8 1,04 0,98 1,02 0·98 

10 
Unprotected PlantB. 

20 20 18 20 20 .. 
328 627 431 371 328 371 410 
313 313 303 298 293 204 287 
1·05 2,01 1'42 1,24 1,1 1'8 1'43 

0·15 0,99 0·62 0,18 0·12 0,78 0,45 
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AGE OJ!' BUDS AT FLOWERING. 

Age of buds at flowering varies a good deal not only in the same season but 
also in different seasons (Table No. 84). The ages are related to the early or late 
growth of the plant. Plants in the year 1929-30 were conspicuous for their earliness 
in growt,h and consequently not only the whole period of flowering was shifted earlier 
but t.he buds also showed a tendency to blossom within a shorter interval. Plant-s 
in 1931-32, on the other hand, were characterised by a very late growth. This year, 
buds took the longest time to flower. The same thing was again exhibited in 
other years. 

Years. 

1926-27 
1927-28 
1928-29 
1921}-30 
1936-31 
1931 32 

.. 
"I 

Number 
of 

plants 
nnder 

connts. 

10 
14 
20 
20 
20 
20 

TABLE No. 84. 
Frequency 0/ buds according to age at flowering. 

Protected plants. 

Class valu~ In days tsken by bnds to bloom. 

8--14 I 15--21 I 22-28 I 2l}-35 I 36-42 I 4H9 I 50-56 , Rest., Total,l Mean ,~~:~ 

I I Number of buds, I I I I I I 
.. 1 35 I 309 I 377 76 6 .. 804 36.49 0,18 

'6 is Data not coUected, 
3.652 32'80 0'08 490 • 2.236 I 864 42 1 .. 

3 109 1.128 11.390 151 3 .. .. 2.784 28'99 0'09 
18 631 880 174 5 1.708 80'05 0'11 .. 

1 25 533 1.287 529 42 'i 2.418 39'08 0'10 .. 
GRAPH No. 40. 

Progressive production 0/ flowers in the protected and unprotected plants. 
------- p.~f&:oW 

1931-1932 

1930·1931 

1929-1930 

1928-1929 

1927·1928 

1926-1927 
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FLoW'EBIN(J. 

Flowering in the protected plants commences generally in the aecond fort. 
night of October and ceases BOme time in the month of January. In 1926·27 and 
1930·31, the rate of flowering was less intense and the period of production was pro
longed. High rate of flower formation is associated with a short span of flowering. 
(Graph No. 40 and Table No. 104 in the Appendix.) 

The average number of flowers per plant in the different years and the 
statistical significance of the differences is shown in the following calculations. 

Significance oJ variation in the 7/.'umher oJ flower' Jrom year to year. 
Protected plants. 

YIlIU'II. 11926.27.11927.28.11928.29.11929.30.11930.31.11931.32. 

Number of plants 10 14 20 20 20 20 
under study. 

Mean .. " " 80·4 169·21 182·6 139·25 85·' 120·8 

Standard Deviation .. IS·99 36·73 41·08 33·22 29·77 31·83 

Standard Error of the 5·06 9'82 9·19 7'43 6·66 7·12 
mean. 

Mean=132·08 
S.D.=33·34, i.e., 25·24 % of the mean. 

Analysis oJ Variance. 

tlog.. Degrees of 
freedom. Isum of squares·1 Mean square. I Mean aquare. 

Between years .. .. 5 1(4167,47 28833'49" 1·6807 

Within years •• .. .. 98 IOtl955·91 1111·795 0·0526 

Total .. .. 103 253123·38 2457·508 1·6281 

-
According to Fisher's table for Z of Dl=5 and Ns=98, Z = 0·3974, when P=0·05 and 

0·5522 when P=O·Ol. 
The seasonal differences are therefo're significant. 

FLoWERING DlT THE PROTECTED AND Uln'BOTECl'ED PL.UiTS. 
Owing to incessant damage to flower-buds by the spotted boll-worm, flowering 

is delayed and its span protracted by a fortnight in the unprotected plants. (Table 
No. 85.) Further, the number of flowers is always less than that in the protected. 
This is due to increased shedding of flower-buds caused by the spotted boll-worm 
as will be seen later. 
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TABLE No. 85. 
Time of the commencement and cessation of ;/lowering in the protected and unprotected 

plants. 
(Average results.) 

Years. 11926.2711927.2811928.29\1929.30 \1930.31 11931.32 Average. 

N,::~:: coun~~. plants 1 10 I 14 I 20 \ 20 I 20 \ 20 

Protected Plant8. 
Commencement of flower· 

ing in week ending. 
Cessation ot flowering in 

24/10 13/11 28/10 20/10 19/10 22/11 " 
week ending. 16/1 29/1 30/12 15/12 4/1 31/1 ., 

Period of flowering in 
weeks. 12 11 9 8 11 10 10·1 

Number of flowers pro· 
duoed per plant. 80·4 169·2 182'6 139·2 85·4 120·9 129·6 

Number of plants under 
Unprotected Plant8. 

study. 10 20 20 18 20 20 " Commencement of flower· 
ing in week ending. 30/10 27/11 11/11 3/11 26/10 29/11 " Cessation of flowering in 
week ending. 27/2' 5/2 27/1 19/1 18/1 7/2 " Period of flowering in 
weel(s, 17 10 11 11 12 10 11'8 

Number of flowers pro, 
duced per plant. 69,6 81,8 68,65 77,7 87·0 64,8 74·9 

I 
AVERAGE PRODUCTION OF FLOWERS ON DIFFERENT TYPES OF BRANCHES ON 

PROTECTED PLANTS. 

The number and proportion of flowers on the different kinds of branches vary 
considerably from year to year (Table No .. 86). although average figures show that 
by far the greater crop of flowers is borne by the primary syropodia. 

TABLE No. 86. 
Averagejlower production on different kinds of branches. 

Number of tlowers on, ·Percentage of the total tlower-
production on. 

Plants 

Limbs. 1 s~~~~.IAuxlIlari"·1 Year. under 
b I Primary IA ill rI counts • Total. Lim s', Sympodia. uxa .... 

1926-27 .. .. .. I 9 27'0 42'S U'S 80'6 33'S 52'S 14'0 
1927-28 .. .. .. 9 37'1 65'4 57'2 149'8 24'8 37'0 38'2 
1928-29 .. .. 19 46'9 66'3 69'9 183'1 25'6 36'2 38'2 
1926-30 .. .. .. 18 64'0 60'4 &5'3 139'7 38'6 36'1 25'3 
193D-31 .. .. .. 20 20'6 51'3 13'5 85'4 24'1 60'1 15'8 
1931-32 .. .. .. 15 47'6 68'4 17'5 123'5 3S'5 ·47'3 14'2 

Average of six years .. .. 38'9 54'0 34'1 1 127 '0 30:6 42'S 26'0 

Percentage success of buds into flowers on different kmds of branches 18 

shown in Table No. 87. Average· figures indicate that sympodia exhibit the 
highest efficiency in this respect. 
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TABLlII No. 87. 

Percentage 8'/I.CCU8 o/lnulB into ftower8 on dillerent kintlB 0/ brancAe8. 

Percentage sue_ of buds into flowera ealculat. 
Number of ed on buds produced on the respective branche.. 

Year. plants under 

\ 
observation. Limbs. Primary 

1 
Auxiliaries. sympodia. 

-
1926-27 .. .. . . 9 3.·2 4',2 26·3 

1927-28 .. .. .. 9 29·6 33·1 34·2 

1928-29 .. .. .. 19 30·1 37·4 35·6 

1929-30 .. .. .. 18 53·5 48·2 49·2 

1930-31 .. .. .. 20 28·1 44·9 31·1 

1931-32 .. .. .. 15 38·8 47·5 31011 

Average •• .. .. .. 311·5 41·4 311·4 , 
PRoDUCTION OJ' BOLLS. 

_ The number of bolls per plant is not constant every year. It varies from forty. 
two to fifty-five, the average of all years amounting to 46.6 (Table No. 88). Thtll'e 
does not appear to be any relation between the number of flowers and the number 
of bolls which develop from them. Thus in 1926-27, the number of flowers was only 
eighty and the number of bolls was forty-five. Next year though the production 

TABLE No. 88. 

Production 0/ mature bolla in the protected plantB. 

Years. \1926-27 .\1927.28.\1928-29.11929.30.\1930-31.\1931.32.\ Average. 

;Plants under counts .. 10 14 20 20 20 20 .. 
Number of flowers .. 80·4 169·2 182·8 139·2 85·' 120·9 129·8 

Number of bollA •• .. ' 43·9 48·4 55·5 "., 42·25 45·85 48·7 

of flowers was more than doubled, the number of bolls did not exceed forty-eight. 
Similarly, in other years no definite relation could be established in this respect. 

Thus. the cotton plant under conditions of protection produces about 343 flower
buds out of which 130 reach the flower stage and out of this again only forty-six 

. develop into mature bolls. 

The significance of variation in the number of bolls from year to year will be 
seen from t,he following calculations. 

• 
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PRoTECTED PLANTS. 

Significance 01 variation in the number 01 bolls Irom year to year. 

Years. 

Number of 
under study. 
ean .. 

"D. .. M 
S 
S "E. of Mean 

plants 

.. .. 
". . . .. .. 

11926-27.11927-28. 11928-29. 11929-30. 11930-31.11931-32. 

10 14 20 20 20 20 

43·9 48·43 55·55 44·45 42·45 4S·85 
10·04 15"14 12"93 9·86 14"92 13"15 
3·18 4·05 2"89 2"21 3"34 2"94 

Mean=46·91 
S.D.=12·95, i.e., 27·61% of the mean. 

Analy8i8 01 Variance. 

Il}=m~f 1 Sum of squares. 1 Mean square. 1 Me!~~~~re. 
etwoon years B 

W 
.. .. 5 2193"6926 438"7385 0·73933 

ithin years ". .. ." 98 16429"9050 167·6521 0"25823 

Total .. "" 103 18623"5976 180·8116 0"48110 

Aooording to Fisher's Table of Z, for nl =5 and ns =98, Z=0·3974 when P=O· 05 and 
0"5522 when P=O·Ol. 

The seasonal differenoes are therefore significant in 5 and insignificant in 1 %. 

AVERAGE PRODUCTION OF BOLLS ON DIFFERENT BRANCHES. 

Primary sympodia. bear the largest number of bolls every year (Table No. 89). 
Barring the year 1927-28, the production of bolls on the limbs was always found to 
be greater in comparison with that on the auxiliaries. 

TABLE No. 89. 
Production 01 bolls on different type8 01 branches on protected plants. 

Year. 
I
NU:'::" ofl Number of bolls on. 1 Percentage on 

under Primary A.uxiJi- Primary AIlIiU-
study LImbs. Isyml'odIa I aries I Total" Limbs" Isympodla I aries 

1926-27 ". .. .. II 1'"4 23"S 6"9 43"6 33"1 53"4 13"5 

1927-28 .. .. . . II 10"1 17·S 13"0 40"4 25"0 '2"9 32"1 

1928-29 .. .. .. 111 15·11 23"9 15"6 55"4 28"7 '3"1 211"2 

1929-30 .. " . .. IS 17"2 19·0 8"1 44"3 28"8 '2·11 18"S 

1930-31 .. .. .. 20 11"05 24"65 6"55 '2"25 26"2 58·3 15"5 

1931-32 .. .. ." 15 17"8 24"6 5"' 47"8 37"2 51"5 11·3 

Average of six years ". ". 14"' 22"1 9"1 I 45"6 31"6 48"5 19"9 

Note.-The above figures are the averages of lesser number of p~ts than" were actually 
under observation, as the plants that got pruned on the maIn stem m early stages 
are rejeoted for the purpose of this study. 

Percentage success of Howers into mature bolls was the highest in the c~ of 
primary sympodia (Table No. 90). The year 1930-31 was, ho~e~rJ aIJ. exception. 
The efficiency of limbs in all years was greater than that of auxiliaries. 
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TABLE No. 90. 
Percentage BUCCe88 0/ jtowerll into mature bollB em different typu 0/ branchu em 1M 

protected plantB. 

Plants under Percentage success of flowers into bolla on. 
Years. counts. 

I Primary fruit. I Limbs. ing branche&. Ausiliariee. 

1926 
I 

I I 
.. .. .. •• 1 9 53·3 55·1 52·2 

I 

1927 .. .. .. . . 9 27·2 31·2 22·7 

1928 .. .. .. . . 19 33·9 36·0 

I 
22·3 

1929 " .. .. . . 18 31·9 37·9 22·0 

1930 .. .. ." . . 20 53·7 48·1 48·S 

1931 .. " .. . . 15 37·4 42·1 30·9 

Average .. .. .. 37·0 40·9 26·7 

With regard to the success of flower-budS< into mature bolls on the baais of 
the total flower-buds incepted, tbe same relationship is again ob8t'rved amongst 
the three kinds of branches (Table No. 91). 

TABLE No. 91. 
Percentage 81.lCCe88 0/ jlower-budB into bol18 em protected plantB. 

Year. 

1926 .. .. 
1927 .. .. 
1928 .. .. 
1929 .. .. 
1930 .. .. 
1931 .. .. 

Average .. 

Plants under 
counts. 

.. . . 9 

.. . . 9 

.. . . 19 

.. . . 18 

.. . . 20 

... .. 15 

.. .. .. 

Percentage SUCceBB of ~uds into bolla on bllda 
produced on respective branches. 

Limb I Primary fruit- I A ilia' 8. ing branches us r.ee. 

18·3 I 24·3 13·7 

8·1 10·3 7·' 

10·2 13'0 7·9 

17·1 18·2 11·3 

15·1 21·6 15·1 

14'0 20·0 g., 

13·1 16·9 9·5 

EXTENT Oli' BUD SHEDDING IN I'BOTECTED l'LANTS. 

Even though the spotted bon-worm is absent, bud.shedding continues at vary
. ing rates throughout the period of bud formation. The rates of flower-bud produc
tion and o( shedding relative to bud-formation are given in the following graph. 
Relative shedding shows three distinct periods. During the first and the third 
periods, shedding of flower-buds is wholesale. Jt is during the second period that 
many flower-buds escape shedding and develop into flowers. (Table No. 105 in 
the Appendix.) 



129 

G:B.APii:~No. 41: 

PeriodicaZ average Jorrrw.tion· oj flower-b~ and their absolute and relative 8hedding .• 
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COMl'ARISON OF BUD SHEDDING IN THE PROTECTED AND UNPROTECTED pLANTS. 

Under spotted boll-worm. ·conditions the first period in which wholesale shedding 
of flower-buds occurs is longer (Table No. 92) and therefore flo:wering.is delaytld,. 
The rate of shedding hereafter is generally higher than that jn the protecteQ, plants. 
As flower-bud formation continues 19nger in the unprotected plants; bud-shedding 
is also oorrespondingly prolonged. I . .. ', . .' 

17 
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TABLB No. 92. 
Percentage relative shedding 01 jWwer-buils in the protected and unprotected 1Jla~. 

Weeks from the 1928-29. 1929-30. 1930-31. 1931-32. 
commencement I Unprot. I Unprot. I ;nprot •. I Unprot. 

of :flower-bud Prot. Prot. Prot. Prot. formation, 

1 .. .. 100·0 100·0 100·0 100·0 100·0 100·0 100·0 100·0 
2 .. .. 100'0 100·0 97·2 100·0 100·0 .. .. 
.3 .. .. lOO·O .. 79·2 97·9 89·1 : 100·0 .. ." 
4 .. .. .. 99·8 34·4 95·8 59·4 .91'0 _ .. 95·0 .. 
5 .. .. :98·6 96;5 57'8 92·5 28·5 95·2 70·/5 
6 .. .. i87'5 85·2 34·0 87·3 36·2 911·8 48'0 96·4 
7 .. .. ;76·0 81·9 25·9 ·86'0 ·78·7 98·5 29<2 89·2 
8 .. ·52'8 76·0 21·9.- 86·0 91·4 94·7 25·7 79·1 
I} .. . . .. ~53'6 71·8 40·7 80·4 75'3 78'0 35'8 62·1 

10 .. .. 37'5 68·8 64;9 70·0 39'5 54·0 50·7 47·4 
11 .. .. 46·3 63·9 88:1 63'8 44,4 39'3 60·3 44·4 
12 .. .. ·68·6 65·9 99·2 55·1 62'7 ··3"'0 86-6 41·6 
13 .. .. 90'9 72·4 100'0 54'4 66·3 34·8 96-1 62·(1 
14 .. .. .97'7 79·2 .. 67·. 88·4 61·' 99'2· 64·0 
15 .. .. 98'8 78·3 .. 80·3 92·6 85·/L. 99'2 84·3 
16 . ,-.' .- ... - 100·0 86·6 .. 9i1·9 98·8 \14·1 100·0 93·/5 
17 .. .. 100'0 83·7 .. 90·' 100'0 97'8 .. 97·1 
18 .. .. .. 88·9 . ~ 100·0 ., 100'0 .. 98·6 
19 .. .. ! •• 86·7 .. 100·0 . , .. ,. 100·0 
20 .. - 80'0· L100'0 .. .. .. .. .. .. 
21 .. .. ! : .. 100·0 .. .. .. .. .. I. .. 

Total percentage of bud shedding in the protected is always less than that 
in the unprotected plants, the average percentages being 62'5 and 73'9 respectively. 
It haR already been pointed out that (Table No. 4'1, Chapter III) of the .total buds 
shed, not less than thirty-one per cent. of buds on an average are injured by the boll
.worm. The total shedding in the protected'plants, however, does not decrease to an 
equal extent, the difference being only 11 per cent. (T/!-ble No. 93). This means that 
even though the pest is absent the plant does not retain an equally higher proportion 
of buds as are loatby the insect damage. Evidently, the protected plants shed the 
extra buds later. 

TABLE No. 93. 
Total percentage shedding in the protected and unprotected planl8. 

- :percentage bud-shedding in y:arl. 

'Year. 1926-2~. tI9~7-28_11928-29'11929-30.11930-31. 1931-32./AVerage. 

-------------~~~~----~~-~----~--~----~---

Plants under counts 
Flower-buds formed 
Flower·buds shed 
Percentage shedding 

10 
.. 215·7 
.. 135·3 
.. 62·7 

Number of plants under 
. counts . •• .. 
Flower.buds formed 
Flower·buds shed 
Percentage shedding 

10 
.. 312·7 
.. 243·1 

77·7 

. Il~otectel. .~ PlaI~'~O 
525·9 528·4 278·4 
356'7 .345·8 139·2 
67·8 65·4 50·0 

Unprotected Plants. 

20 
312·6 
230·8 
73·8 

20 
303·1 
234·5 
77·4 

18 
297·5 
219·8 
-73·9 

·20 20' 
230·9 294·8 
145·5 173·0 
63·0 59·0 

·20 20 
293·1- 203·8 
208·1 139·0 
70.3 68·2 

345·7 
216·1 
62·5 

287·1 
212·2 
7:J·9 
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SIZE 0lI' SHED BUDS. 

Figures in the following table indicate that as .muc4 as seventy per cent. of 
the shed buds are very small; eighteen per cent. are of medium size and twelve 
per cent; are large. 

TABLE No. 94. 

Cla8sijication o/shed· buds in the :protected plants. 

Number of Total number Shed Shed buds classified. 
Total number Years. plants under of buds shed. of ahed·buds buds I Mediun., counts. collected. lost. Small. Large. 

1926-27 .. 10 1,353 646 707 287 155 204 
1927-28 .. Data. not available . 
1928-29 .. 10 2,999 2,325 674 1,299 646 380 
1929--30 .. 10 1,541 1,364 177 838 183 343 
1930--31 .. 10 1,332 1,096 236 590 392 114 
1931-32 .. 10 1,663 971 692 671 208 92 

Total " .. 8,888 6,402 2,486 3,685 1 ,58·! 1,133 
Average .. .. 177·76 12B'04 49'72 73'70 31·68 22·66 
Per cent ... .. .. .. 28·4 41·5 17·8 12·7 

AGE OF SHED BUDS. 

Age of buds at shedding varies a good deal. But the majority of the shed 
buds are of ages varying between ono and three weeks (Table No. 95). As a large 

TABLE No. 95. 

Frequency o/sMd buds according to age in .weeks. 

Protected plants. 

Number Age of shed buds ~ weeks. S.E. 
Year. of plant·s 

0., 1 ~:, 3., 4. ,~:., 6., 7: , 8., 
Total. ?lean. of 

under 1. 9. Mean 
study. 

Number of 8hed bUds. 
4 1 1,352 2·86 0·03 1926-27 .. 10 6 164394 411 255 97 20 1 .. 

1927-28 .. 14 Data not collected. 
1928-29 .. 20 135 1,614 2,032 1,28& 522 186 37 1 .. .. 5,762 2·19 0·01 
1929-30 .. 20 78 980 1,021 469 193 35 7 .. .. .. 2,783 1·95 0·02 
1930-31 .. 20 80 698 1,287 690 127 23 3 3 ... .~ 2,911 2·06 0·02 
1931-32 .. 20 58 600 1,012 687 464 172 76 24 5 .. 3,098 2·60· 0·2 

~ 

majority of shed buds are of small size, .the flower-buds seem to linger. on the plant 
in an arrested condition of growth. . 



EXTENT OJ'-BOLL-SHEDDING. 

Boll.shedding begins soon after the commencement of flowering and goei on 
with varying intensity throughout the period of boll formation (Graph No. 42 and 
Table No. 106 in the Appendix). The rate of shedding is very slow in the beginning 

GRAl'H No. 42. 

Rate 0/ flowering and 0/ relative and absolute boll-shedding in the 
protected plants. 

91Oc195' 

19019-1930 

---Flowering •••••••• Relative boll-shedding 
._._. Absolute boll-shedding_ 

but later on it increases to such an extent that bolls. formed during the closing weeki 
of the flowering season completely shed. 
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The rate of boll-shedding in the protected plants, during the early part of the 
Beason, is always less than that in the unprotected. This is principally due to the 
prevalence of boll· worm at. this time. 

Total boll-shedding in the protected plants is higher than in the unprotected 
plants in some years while it is less in certain others. (Table No. 96.) The a.verage 
of six years, however, amounts to about sixty-four per cent. in both the sets. 

TABLE No. 96. 
Magnitude of boll-shedding in the protected and unprotected plants. 

Years. 11926-27.\1927-28.11928-29.11929-30.11930-31.11931-32.1 Average. 

P"otected Plant8. 
Plants under counts .. 10 14 20 20 20 20 
Flowers opened .. .. 80·4 169·2 182·6 139·2 85·4 120·9 129·6 
Bolls shed 36·5 120·8 127·05 94·8 43·15 75·05 82·9 
Percentage boll-shedding •. 45·5 71·4 69·6 68·1 50·5 62·0 63·9 

Plants under counts .. 10 
Unprotected Plant8. 
20 20 18 20 20 

Flowers opened .. .. 69·6 81·8 68·6 77·7 87·0 64·8 74·9 
Bolls shed .. 43·8 49·8 44·5 50·7 58·75 34·45 47·0 
Percentage boll-shedding •. 62·9 60·9 64·8 65·3 67·5 53·2 62·8 

AGE OF BOLLS AT SHEDDING. 

Age of bolls at shedding is given in Table No. 97. The ma.jority of bolls shed 
between the age of five to fifteen days. This concurs with the age of shed bolls 
in the unprotected plants. (Chapter m, Table No. 50.) 

TABLE No. 97. 
Age of bolls at shedding in the protected plants. 

Nnmher of bona shed in 
, 

Age in days. 
1926-27. 

1 
1928-29. 

1 
1929-30. I 1930-31. 

1 
1931-32. 

0 .. .. .. .. .. 1 3 
2 .. .. .. 1 50 74 28 22 
5 .. .. .. 23 473 823 274 540 
8 .. .. .. 96 428 608 286 532 

11 .. .. .. 117 206 230 155 205 
14 .. .. .. 68 80 105 64 122 
17 .. .. .. 35 40 32 27 38 
20 12 20 14 12 17 .. .. .. 

7 7 23 .. .. .. 6 10 3 
26 2 12 2 3 8 .. .. .. 
29 1 14 2 3 1 .. .. .. 
Above 29 42 2 4 6 .. .. .. - ---
Total 361 1,375 1,896 863 ],501 .. .. .. 8·65 8·35 Mean 11·57 9·2 7·5 .. .. .. 

0·08 0·15 0·11 S.E. of :rp.ean .. .. 0,.22 0·16 
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t. FRoTEOTED AND UN1'ItO'fEOTED CONDITIONS. 

" , Percentage success of buds into flowers is always higher in the protected plants 
by an average .difference of twelve. (Table No. 98.) That of flowers into bolla is, 
however, either higher or lower though the average of six years, in the two sets 
happens to be the'satne; With regard to the success of buds into bolla, it may 
be noted that this varies consider~bly every year from nine to twenty per cent, 
and is not eonstant at about ten as in the case of the unprotected. The great re
duction in ·the success of buds into flowers in the unprotected ultimately tella upon 
the 'number of mature bolla. The average production of mature bolla in the 
protected is forty. six against twenty-eight in the unprotected. 

TABLE No. 98. 

Percentage B'UCCe88 oJ buds into flower8, oj floWers into bolls aM ollJudBinto 60llB i1l 
the protected and unprotected plants.' , 

Years. \1926-27.11927-28.11928-29.\1929-30. 11930-31. lI931-32·1 Average. 

: Protected Plants • 
. 
P ercentage success of 37',3 32·2 34·6 50·0 37·0 41·0 37·5 

buds into flowers. 
PerClentaglJ success of • "54'.5 28·6 30·4 31·9 49'5 38·0' ~36·0 
. flowers into bolls. 

. . 

Percentage success of 20·4 9·2 10·5 16·0 18·3, 15·~ 13·5 
buds into bolls. 

Unprotected Plants. 

Percentage success of 
' . 

22·3 26·2 
bildsmto flowers. _ 

22·6 26·1 29·7 31·8 ' 26·1 

Percentage succesS 'of 17·1 39·1 35·2 34·7 32·5 46·8 35·9 
flowers into bolIs. 

Percilntage ·success . of 8~2 10·2 8·0 9·1 9'\1 1'4·9 9'7 
b~ds into bolIs. 

: 

TOTAL SHEDDING IN THE PROTECTED 1'LANTS. 

·"It will, be ,evident Jrom the studies oj the protected plants tlutJ even i1l tM 
absence oj the boll-worm and under otherwise natural conditiO'M oj environment 
shedding oj young buds and Jruits occurs to an extent which t:arieB Irom eiglllg to 
ninety-one per cent. oJ flower-buds formed. These re8'Ult., place above doubt the lad 
that, tM phenomen01l 01 shedding oj reproductive lorms in. COU01I i, natural to the 
plant.· " W 6 shaU' examine in. II later chapter the nature 01 internal chain. 01 events 
~rJing, to. the in~8!Jnt and heavy shedding ... 



Yield. 

When plants are grown free from the spotted boll-worm they produce a mucl~ 
larger number of bolls, the average of six years being forty-six. Plants grown 
:under spotted boll-worm conditions give on an average only twenty-eight bolls per 
plant. It means.thatthe spot~ed boll;wormis responsible for lowering the yield of 
bolls from forty-sIx to twenty,elght which· amounts to a loss ·of nearly forty per cent; 

The same relations are again noticed in the yield of. seed cotton per plant in 
the two sets. These are shown in the following Table No. 99. ... . .. 

TABLE No. 99. 

Average yield oj seed cotton per plant in grammes in protected and 
unprotected plants. 

Years. 11026-27. 11927-.28.11928-29.11929"':30. \1930-31.11931-32. j Average. 

Protected plants .. .. 69'13 117·98 103.47j 91·4· 77·85 83·72 90·59 

Unprotected plants .. 47'97 58·46 43·60 54·10 59·20 52·70 52·67 

Difference .. .. 21·16 59'52 59·87 37·30 18·65 :h'02 37'92 

PE'lrcentage loss .. 30·6 50·5 57·9 40·8 24·0 37·0 41'9 

SUMMARY. 

This chapter deals with the developmental studies of plants grown free from the 
spotted boll-worm with a view to ascertaining whether the retention of bucls anI,! bolls 
could be improved in proportion to the reduction in their damage by the. pest. 
Immunity from the pest was attained in two ways: the one in which plants w,,~e 
grown from the. beginning in a cage or a plant-house and the other in which they 
were covered with mosquito-netting at night. This latter method was invented 
by Kasargode and found to be the most successful, as in this case plants receive 
full benefit of the natural conditions of environment. Plants grown by this me
thodknown as "Night-Caging" ate called protected plants to distinguiSh 'them 
from those unprotected or exposed to boll-worm damage. . . . 

CAGE-PLANTS. 

Owing to, weak light intensity and other assooiated changes of environment 
within the· cage, plants raised. in the .cage exhibit etiolated condition of growth 
and take a . longer time than those outside, to ffuish their career on the land. The 
total bud and boll shedding in these plants is as high' as that in: ·the . case of the 'tin· 
protected plants, the number of mature bolls being equal in both the sets. 

PROTEOTED PLANTS. 

The mode of growth of the protected plants is just the same as that observed 
in the unprotected. The root system is similar to that of the u?protected pl~nts. 
It is, however, less extensive and is·built---up· in a comparatIvely short tIme. 
Further, it is lighter in weight and more dense in its spread, the rate of descent 
being conspicuously less. 



Normally, the stem attaifis a height of about 110 ems. within the period of 
five months and produces about forty-three nodes on an average. The number 
of node from which the first fruiting branch arises is not constant but increasea 
with the lateness of growth of the plant. The stem gives rille on an average 
to six effective limbs, eleven effective auxiliaries and thirty-two primary 
sympodia. Late growth is associated with greater production of accessory primary 
sympodia. The ratio of primary sympodia to "Effective" limbs increases 
with lateness in growth of the plant. 

The number of vegetative buds in the protected plants is equal to that of the 
flower-buds, though the magnitude of production may vary considerably every 
year, the average figure for both being 343. Damage to the main sht)()t earlier 
in the season leads to the inception of a larger number of vegetative buds; if this 
occurs later, the number of flower-buds is only increased. The age of buds at 
flowering not only varies in different seasons but also in the same season. The 
age increases withincrea.sed lateness in growth of the plant. High rate of flowering 
is associated with a short span of the flowering period. The plant produces about 
130 flowers out of which only forty-six develop into mature bolls. There is no re
lation between the number of buds incepted and the bolls that arise from them. 

Among the different types of branches primary sympodia give rise to the 
largest number of bolls. Generally, the number of bolls on limbs is higher than 
that. on auxiliaries. In regard to percentage success of flowers into bolls and buds 
into bolls, the same relationship among the three types of branches is again 
observed. 

Bu4 and boll shedding takes place in the same fashion as that observed' in the 
unprotected plants. The rate of early shedding is, however, less in the protected. 
On this account, total bud-shedding is less by about ten per oont. The average 
of all years indicates that the extent of boll-shedding is the Bame in the two C&8e8. 

The age of buds and bolls at shedding increases in years of late growth of the plant. 
The results -indicate that a large number of buds and bolls which shed owing to 
insect injury would have shed of their own accord at a later stage. Total shedding 
of buds and bolls in the protected plants varies from eighty to ninety-one per cent. 

. . .. Owfug to boll-worm damage, the number of primary sympodia, Bowers and 
bolls is appreciably reduced and the career of the plant is prolonged by a fortnight 
to six weeks. In the case of the cage plants, this period is prolonged by one and a 
half months. 

Evidence shows tkat even in t'he absence of boU-worm, 8hedding of reproductive 
forms i8 almost a, h'!4vy (.u tkat in the unprotected plants and is intimately associated 
~ith the physioW1l/ of the plant. 



CHAPTER V. 

CIJEMI&T:&Y OF THE COTTON PLANT. 

After studying the behaviour' of the cotton plant under unprotected and pro. 
tected conditions and definitely assigning the role . of shedding to physiological 
causes, it was neces~ary t.o inquire into the nature of chemical changes which take 
place within the plant and to' ascertain whether the)" are associated with the 
shedding of budB a.nd bolls on t.h~ one hand and .their retention. and development 
on the other. With this end in view, a chemical Btudy of the cotton plant was 
started as early as 1926 and continued for a period of six years. Analysis was 
mainly confined throughout this period to unprotected plants. In 1928, however, 
unprotected plant~ receiving an application of seventy pounds o~ nitrogen per acre 
were taken up in addition. From 1929 to 1931, a comparatiye study of the protect
ed and the unprotected plants was made to find out internal' differences which pro
mote to a greater; extent, the success of flower-buds into mature bolls in the 
former set. 

i ' . 
The technique followedjn the conduct of this work is given in, Appendix II. 

Before presenting the data, a brief i'luryey of environmental factors during the last 
four years of the investiga,tion, is made with a view to correlating seasonal influences 
with plant growth. In the pages that folloW', a complete study pf the unprotected 
plants is first given ; that o( the manured unprotected and the' protected plants 
is shown as far as possible'by comparison. This procedure is considered to 
be the best a.q it avoids repetition. of certain details which otherwise would be 
necessary. 

ENVIRONMENTAL FACTORS. 

Rainfall. 

Total rainfall~during the years, 1928, 1929, 1930 and 1931 ~as 26'21, 48,29, 
41' 28 and 53-38 i~ches respectively (Table No. I-B in the Appendix). These figures 
as they stand are of little value for understanding the nature of Ithe plant growth. 
What is most important is the mode'afid' manner of its deliveryduring the season. 
From this point of 'view, the year 1929 may be said to be the driest, though the 
total quantity of rain received was almost twice 'that in the previous year. This 
is because nearly eighty-nine per cent. of the total rainfall was received during com
paratively a short period. prior to. sowing (15th Jul~)., This was ~ot~o.in the 
previous- year. A large :quantity' o~ rainfall was o~ta~ned .after SOWIng· and ~as 
evenly.distributed. In 1930,. the rams were well dlStnbuted oyer a longer penod 
and continued up to the Illlddle'of September. In.the ~oUowm~ y?ar"the total 
quantity, of rain obtained was t;hehighest and agam thiS was dis:nbuted ov~r a 
still longer period till the middle of October. Thus broadly speakmg, the vanous 

18 
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years range themselves in order of the degree of their dryness as follows. (Driest) 
1929, 1928,1930 and 1931 (Wettest). This arrangement of the years also indicate. 
the order of early or late setting of drier conditions. 

Relative humidity. 
The degree of dryness in the different years is further shown by the relative 

humidity figures given in Table No. 3 in the Appendix. The mean fortnightly 
humidity is worked out from those figures and is graphically reproduced below. 

GRAl'H No. 43. 
Relative Aumidity 0/ the air. 

--- 192&-19:!S ....... _-- '92~H930. 
o • • 1930-193' 0--.... -.,931-1932. 

f., 

" ...... "" , \ 
\ 
\ 
\ 

2. 1S. So. 14. 28 11. 25. &,e'5. 7. 2\. ".11. 
Sept Oc:t Nov. Dec. &.Jan. F'c.b. 

Air temperature. 
,. - Of the environmental factors humidity of the air is the most sl1sooptible to wide 
variations and on this account the differences appearing every year, in this regard, 
are well marked., With respect to air temperature. however, the range of difference 
is 60 small and the temperature curves intersect one another at 60 many places 
that it is at times difficult to understand the general sense of the cllI'Ve in one year 
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in relation to that in any other UDless the years characterised by extreme dryness 
are compared with those extremely wet. If such ,years are eompa.red, it will be 
seen that in 1929 the maximum temperature was throughout higher till the end 
of November than that in 1931 (Graph No. 44). The minimum temperature 
remained more or less the same in the two years. 

GRAl'H No. 44. 

CompariBcm 0/ maximum and minimum temperature8 in 1929 and 1931. 
---1929-30; ••.•.••• 1931-32. 

Minimum fempeyat ..... e. 

5OL~~~~~~~~-r~~~r-~~~ 
1 28 t as S 23 7 21 4 18 .... 10 , 
Oct Nov. Oec. ~an. Feb. Mar. Apri. 

De8iceating power 0/ the air. 
The rate of water evaporation was higher in 1929 as will be seen from 

Graph No. 45 given below. 

Soil temperature. 

The dry years are assooiated with higher soil tem~ture. The period 
during which high temperature continues to rise in Octo~r IS also prol?nged by a 
fortnight or so (Graph No. 46 and Table Nos. 40A and 41 m the Appendix). 
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'. GRAPH ~O. 45. 

Compari8on oj the rtJteo! water evaporation in. 1929 and 1931. 
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I. THE UNPROTECTED PLANTS. 

(a) Moisture content oj various organs. 

Determinations'ofmoisture in diff~r~nt organs of the unpro~ted plants grown 
under the usual crop condition were .made .in years commencing from 1926 and 
ending with 1931 ... 'fheresults obtained 81"6 reproduced in~Table Nos. 108 to 113 
in the Appendix. In the first two years, moisture. was estimated after the plant had 
been brought to, the laboratory •. TbiS .used to take 'up more than an hour as an 
interval between"the removal of samples and their first weighing. On thiS account, 
a. certain amount of moisture was always lost. It may be -noted-· that t1l.esa 
determinations were not specially made but were incidental to chemical analysiS 
where they were required for expreSsing results on the basiS of dry matter. These 
estimationS are, however, useful in connection. with .the rate of transpiration by 
you~. and ,fully developed leavt's and we. shall refer to them on .. later occasion,;. 
During t4e:nex~ Jour. years, more attention.was paid to thiS .constituent •. ;Plant. 



GR.U'B No. 46. 

Comparison o/soil temperatures in 1929 and 1931. 

i . 
E , 
! • ocr 
~ 

-- 'S2l!14S30 -- - .---. GSo·",,,, 
--'9:51-1932. 

HI 

organa were weighed in the field immediately after removal and reweighed in the 
laboratory. In this way, the extent of loss in moisture which took place in bring
ing the samples to the laboratory was ascertained and the figures for oven-driven 
moisture corrected. We shall therefore restrict ourselves to the interpretation-of 
the data of the last four years only. Moisture was not determined in roots as they 
"ere profusely watered prior to excavation, the shoot being removed earlier. 

The figures indicate that the boll contains the highest percentage of moisture 
which is generally above eighty. Flowers and flower-buds are the next in order. 
With the. exception of certain abnormal figures, it will be -seen that moisture in 
flowers is pretty constant. This is, however, not surprising as the flowers represent 
a definite physiological stage of bud growth. The leaves contain less moisture 
than either the flower-buds or flowers. The stem and branches are the poorest 
in this regard. There is thus a gradation in percentage moisture. It rises from 
the stem to the bolls. In the vegetative organs, percentage moisture decreases 
with advance in age. The flower-bud, on the other hand, incre.ases in percentage 
moisture as it passes towards the boll stage. 

Percentage moisture in the several organs of the plant varies from year to year 
and appears to be associated with the duration of rainfall. Thus in 1931, the year 
of the longest duration, the moisture content of all organs was the highest (Graph 
No. 47 and Table Nos. 108 to 113 in the Appendix). In 1929 where the duration 
of rainfall was the shortest, it was the lowest. The commencement and the rate of· 
fall in moisture is also related to the duration of rainfall. 

It has already been pointed out that in the years 1926 and 1927 a certain amo~t 
of moisture from the samples was lost during the course of an hour before recording 
the green weight. The percentage moisture in young a~d fully gro~ leaves, 
indicated under these circUIW!tances. that the former contamed less moisture than 
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GRAPH No. 47. 
Percentage 0/ moisture in diJJere7l' organB. 

-- 192&-1828.-----f529-1930. 
~ 15'30-1931~193f·1932. 

AU9- SNovnuan.Feb.M.Apn. 

the latter. Moistur& determinations carried out under controlled conditions how
ever, showed that the percentag& moisture in leaves does not increase with age, 
suggesting that the higher content of moisture in old leaves was the result of the 
difference in the rates of transpiration of the young and old lea.ves. This means that 
young leaves transl'ire water at a greater rate than those fully grown. 

(b) Dry matter. 
Dry matter of different organs of the plant was estimated during years 1927, 

1928. 1929, 1930 and 1931. In the first year, shed organs such as leaves, flower. 
'tlUds and bolls were not collected and therefore the dry matter only of organs on. 
~e p~nt wall recorded from ~ime to time. In the second year, ~deav()JJr wu_ 



143 

made to collect all the shed "organs but as will be seen from the figures the collection 
was not satisfacto~ from t~e third week of January .. It was only during the last 
three years t.hat this collectIOn had been t.horough. For purposes of discussion and 
interpretation, the data of these years wiU be taken though uSe will be made of those 
of the preceding two when possible and necessary. 

The results obtained are incorporated in Table Nos. 114 to 118 in the Appendix. 
They indicate that during the first three months (July, August and September) 
from sowing, the growth of the plant is extremely slow. It is only in October and 
November that the vegetative organs rapidly increase in dry matter. Thereafter 
their growth slows down till the third week of December. When this takes place, 
bolls begin to increase ill weight and continue to do so till about the middle of Feb
ruary. Further, owing to the commencement of leaf-fall the weight of leaves on 
the plant begins to decrease from the first week of January. Most of the dry mat
ter of the bolls is built up after this period when there is an increasing reduction 
of the photosynthetic area of the plant. The importance of the phenomenon of 
leaf-fall as affecting the supply of assimilates will be discussed at a later stage. 

The data further tell us that the dry matter of leaves is the highest. Next 
in order of their descending weights are the stem and branches and finally the roots. 
This gradation amongst the vegetative organs which is so striking during. the early 
part of the season cannot, however, be observed in the latter part. Due to certain 
factors which will be referred to in the comparative study of the protected plants, 
the growth of these organs is so modified that the difference in dry matter between 
roots and stem and branches or that between the latter two and the leaves tends 
to disappear. 

Total dry matter built up by the plant every year is constant at 200 grms. 
(Table No. 100). The dry matter production of bolls has, however, varied from 
fifty to seventy-two grammes in spite of the fact that the weight of leaves in all the 
years is the same, amounting to fifty grammes. Nearly fifteen grammes of leaves· 
remain on the plant when the crop is ready for the harvest. The weight of stem 
and branches is thirty-eight and of roots thirty-one grammes. Although shed 
organs were not collected in 1927 and some escaped collection in 1928, it will be 

Yelu. 

1929-30 .. 
{17-2:-1930) ... 
1930-31 .. 
(4-3-1931) 

1931-32 .. 
(16-3-1932) 

Average of 
three years. 

TABLE No. 100. 
Dry maUer of different organ8 of the plant at harvest. 

(On oven-dry basis). 

Stem and! 
Shed buds 

Leaves. and bolls Roots 
branOhesl inclusive gIns. gIns. Green I Shed I Tot-al of corollas. 

gms. gms. gins. gIns. 

I 
13·83 I 37·00 38.331 36·17 50·00 13·89 

28·75 36. 67 1 13·67 35·33 49'00 13·67 

27'67 4(J·OO 15·00 35'00 50'00 12·00 

31·14 38·33 14·16 35·50 49·66 13'19 

"R' 
Total. b;n: 

gms. gms. 

49·00 188·22 

72'83 200·92 

72·50 202·17 

64·78 197·10 
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evident from the figures for roots, stem and branches that the growth of the plant 
in these years was rather high. Compared with this growth, the dry matter of 
bolls was low. 

The initiation of early or late growth in terms of dry matter depends upon 
the early or late release of dry conditions of environment. In 1929, where these 
conditions were the earliest to appear, the dry matter increase of the plant started 
very early in spite of the fact that cotton was sown this year late by one fortnight 
(Table No. 101). In 1930, the rainy season continued for a longer time and delayed 
the early appearance of better environment for growth. As a result of thll' 
change, the dry matter production of the plant as a whole was delayed and its life 
period prolonged. The same fact was illustrated in 1931 also. 

TABLE No. 101. 
PeriodicaZ production oJ dry matter in terms oJ percentage oJ the totaZ at karvest. 

(Unprotected plants.) 

Dates. 1929-30. 

2nd September 2'19 
10th September 
16th September 3'68 
25th September 
30th September 
8th October 

12·14 

14th October 20·16 
28th October 25'93 
Ilth November 38·32 
25th November 56·43 
9th December 61·61 

23rd December: 80·87 
6th January 97·97 

20th January .98·09 
3rd February 111·75 

17th February 100·0 
4t·h March 

16th March 

1930-3]. 

0·90 
1'50 
Rain. 
3·72 
7'13 

12·87 
19·90 
27'50 
38·59 
50'60 
50·95 
63·63 
79·10 

102·13 
95·63 

100·100 

]93]-32. 

1'68 
2·55 
3'03 

14·62 
21'07 
38·74 
50'94 
53'00 
67·94 
70·91 
88·32 
82·22 
98·95 

100·100 

The complement of percentage moisture in plant organs is their dry matter. As 
the percentage moisture varies with the degree of dryness of environment 
(page 142), it will be evident that drier conditions of the latter are associated with 
higher percentage of dry matter. 

Dry matter oJ the root and the 8hoot. 

The ratio of dry matter of the shoot and root e:.::) gradually falls from the 
end of October and reaches a minimum value towards the end of December when 
the vegetative growth of the plant ceases. (Table No. 102.) At this time, the 
weight of the shoot is nearly three to four times that of the root. The progressive 
fall in the ratio during October and November is due to the fact that the growth 
of the root proceeds at a higher rate than that of the shoot. From the end of De. 
cember the ratio steadily rises till the crop matures. This rise in the ratio is solely 
due to the growth of bolls. The weight of the shoot at this time is four to six times 
that of the root. ~ 
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From these results it will be apparent that the activity of root.s does not de
pend upon the total output of their dry matter. With the same amount of root 
growth, different quantities of dry matter of the shoot can be built up. 

18th September 
25th September 

1st October 
8th Ootober 

15th Oct"ber 
29th October 
12th November 
26th November 
10th December 
24th Deoember 
7th January 

21st January 
4t.h February 

18th February 
3rd March 

17th March 

TABLE No. 102. 
Ratio oJ dry matter oJ the ,hoot to that oJ the root. 

(Unprotected plants.) 

Dates. 1929-30. 

7·7 
5·8 

6·0 
5·5 
5·2 
4·1 
3·6 
3·0 
3·4 
3·5 
3·7 
4·1 
4· 1 

1930-3t. 

5·9 

4·9 
5·0 
5·9 
3·2 
2·9 
3·2 
4·3 
4·3 
7·5 
5·77 
5·99 
6·1 

DnJ maUer oJ 8hed buds and bolls. 

1931-32. 

5·2 
4·7 
4·4 
4·4 
4·1 
4·1 
4·7 
5'!) 
4·9 
5·7 
6·3 

The loss of shed buds has varied from one to four grammes in the three years. 
(Table No. 103.) Making allowance for the weight of shed corollas of developing 
bolls, it will be seen that from ten to eleven grammes of dry matter is lost in the 
form of the shed bolls. The loss is equhYalent to about four mature bolls per plant. 

Shed buds 

Shed bolls 

TABLE No. 103. 

Dry matter of 8hed buds and bolls in grammes. 
(Unprotected plants.) 

Organs. I 1929-30. I 1930-31. I 1931-32. I Average. 

.. .. .. .. 4·0 1·5 1·1 . . 2·2 

.. .. . . .. 10·0 U·O . ,15·0 13·0 
.-

(c) A8h. 
Percentage ash in stem and branches, roots and bolls decreases with increase 

in dry matter. (Table Nos. 119 to 121 in the Appendix.) tn leaves, however, it 
continuously increases till the crop matures. In flower-buds and bolls, it is almost 
constant.- In shed reproductive forms also the ash content does not much vary. 
The asll percentage of shed leaves, however, steadily rises with advance in season. 
Those 4lcepted earlier fall with a lowel' content of inorganic matter than those 
appearing later. Percentage ash in shed leaves is always higher than that'in leaves 

III 
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on the plant. As the latter' grow older, the diiIerence between the two kinds of 
leaves gradually becomes less. It may be pointed out that in 1929, there was practi
cally no difference between the percentage of leaves on the plant and thORe shed. 
It does not, however, follow that the former were as old as the latter. Leaves 
on the plant which show the same percentage as those shed, at any particular time 
of the season, fall off later with a. higher content of inorganic matter. (Table No. 160 
in the Appendix.) The equality in ash percentage of shed and non-shed leave" 
may be the result of the disturbance in the normal production of leaves ca.used 
by the boJI-worm. 

Leaves show the highest percentage of inorganic matter. Next in the 
descending order of percentage are the flower-buds, flowers, stem and branche. 
and roots. When bolls approach maturity their percentage falls to the level of the 
stem and branches. Percentage ash in different organs of the lllant at harvest 
is given below. 

TABLE No. 104. 
Percentage ash in different organs 0/ the plant at harvut. 

Plant orgaDB. I 1929-30. I J93~31. I 1931-32. I Remark •• 
, 

Roots .. .. .. .. 5·35 :;·95 5·80 
Stem and branohes .. .. 6·8Q 6·35 7·15 
Leaves on the plant .. .. 20·30 22·75 22·70 
Dolls .. .. .. .. 5·28 7·15 6·71i 
Shed leaves .. .. .. 20·15 21·70 22'20 
Shed buds •• .. .. .. 12·65 12·73 .. 
Shed bolls •• .. .. .. 10·35 13'00 1l·20· • Buda plua bolla 

On an average, the plant contains inorganio matter equivalent to about 
twenty grammes of ash. (Table No. 105.) Out of this 51.03 per oent. is present in 
leaves both shed and those on the plant, 8.75 per cent. in roots,ll.22 per cent. in 

TABLE No. 105. 

Total q:umUity oj ash in gramme8 in different plant organs. 
(For progressive figures refer to Table Nos. 122 to 124 in the Appendix.) 

Plant organs. I 1929-30. I 193~31. I 1931-32. I Average. 

Root& .. .. .. 
Stem and branobes .. 
L 
B 
S 
S 

eaves on the pJant ••• 
oils .. .. .. 
hed lea1l'es .. .. 
hed flower-buds and bolls 

Total .. 

.. .. .. .. .. .. .. .. .. .. .. 

.. .. 

1·98 1·71 1·73 . 1'80. 
2·61 2·33 2'00 2·31 
2·81 3·11 4·62' 3'51 
2'59 5·21 5·74 4'51 
7'29 7'69 5·99 6·119 
1·53 1·77 1·01 1·44 

18·81 21·80 21'09 20'06 

stem and branches, 21.92 per cent. in mature bolls, and 7 per cent. in the shed 
reproductive forms. On the basis of these figures, it will be evident that under 
normal. conditioh8 of cultivation nearly 218 pounds of inorganic matter per acre 
is removed every year from the soil. 
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The a~ou~t of orga~o matter in the plant at any time during the season is 
~ore than SiX tlmes the weight of ash. The ratio of organio matter to ash gradually 
Increases as the season advances. (Table No. 106.) In 1929 it rose from 7 to 9 . 
in 1930. from 6'6 to 8'75 and in 1931 from 6 to 8'2. These results indica~ 

TABLE No. 106. 

Ratio of organic to inorganic matter in the plant. 

Dates. 1929-30. 1930-31. 1931-32. 

8th October o. 6·70 
14th October 11·28 6·62 
29th October 7·74 6·66 6·24 
12th November •• 7·17 7·18 6'15 
26th November •• 7·66 7·47 6·92 
10th December. 0 7·98 7·31 6·91 
24th December •• 9'50 7'05 6·93 

7th January o. 8'57 7·06 6·74 
21st January o. 9'41 7'50 6·53 
4th Febnlary •• 8·97 8'07 8'22 

18th Febl11ary 7·71 7·54 
3rd March 8·26 8·49 

11th March 8·75 
16th March ", 7·86 

that drier conditions of environment are associated with a higher ratio. This means 
that the rate of photosynthesis proceeds at a higher rate than that at which mineral 
matter is absorbed by the plant. 

(d) Phosphoric acid, lime and potash. 

The absorption of phosphates during the early stage of growth is low (Table 
Nos. 125 and 126 in the Appendix). It, however, increases with the commencement 
of flowering. From this time onwards, the percentage of phosphorio acid in the 
vegetative organs steadily falls with the progress of season. In flower-buds, flowers 
and young bolls the percentage i& rather high. When bolls increase in dry matter, 
they show a progressive fall in the percentage of this constituent. In the shed 
organs, the percentage is more or less constant. 

Lime does not appear to be necessary till the plant is distinctly in the repro
ductive mood. Lime oontent of roots, stem and branches and leaves increases 
during flowering period and remains high throughout the remaining part of the 
season. It rises in flower-buds and continues to do so till the boll is formed and 
once this happens, it gradually declines with dry matter growth of the boll. Fur
ther, the percentage of lime in the shed reproductive forms remains pretty steady. 
Leaves which shed early in the season are less rich in lime than those which fall 
off later. 

Potash is taken up in the early stage of plant growth. In roots, stem and 
branches, its percentage is high at first. Then it steadil;Y declines till the end of t~e 
season. In leaves on the other hand it accumulates till the crop matures. Th18 
is observed in shed leaves a.lso. Shed leaves are, however, richer in lime than in 
potash. . 
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The distribution of phospl1oricacid, lime and potash in different organs of 
the plant at harvest is shown below (Table No. 107). Potash seems to be the major 
constituent. Nearly fifty per cent. of the total potash absorbed by the plant is pre. 
se.nt in bolls. . The. quant~ty of lime taken u~ is almost &8 great &8 that of potash. 
Lime accumulates mostly m leaves. About SlX per cent. of the total lime is found 
in the bolls. The amount of phosphoric acid in the plant is comparatively small 

TABLE No. 107. 
Total quantitie8 of p710spMric acid, lime and potash in di!Jerem orga'M 01 1M plan' 

. at harvest-in gramme8. 
1931·32. 

. . .. 
Stem 

Constituents. Roots. and Leaves. Bolls. Shed Shed buda and 
branches leaves. bolla. 

Phosphoric acid •• .. 0·1481 0·1125 0·1269 0·7754 0·3202 .~·0936 1·5767 

Lime .. .. .. 0·6426 0·5376 1·7377 1·2580 2·:4570 : (). 3132 G·11i61 

Potash .. .. . . 0·5671 0·6508 1·0381 3·4774 1·2971 0·2929 7·3234 

1930·31. 

Lime .. .. . . 0·3522 0·7334 1·0252 0·6989 2·2804 0·3718 6·4619 

Potash .. .. .. 0·1417 0·4730 0·1778 1·1430 1·7791 0·1651 3·8797 
, I 

and of this, fifty per cent. is in the bolls. On the basis of these figures it is found 
that the plant removes from the soil about eighteen pounds of phosphoric acid, 
seventy-four pounds of lime and seventy-eight pounds of potash per acre. It 
may be noted that in 1930-31 the amount of lime absorbed by the plant was greater 
than that of potash. . 

Vishwanath and, his collaborators (1926) worked on the distribution of 
mineral matter in various organs of Cambodia cotton No. 295 at Coimbatore and 
obtained similar results. They, however, found that of the mineral matter 
absorbecl the quantity of lime was the highest. 

(e) Nitrogen. 
Leaves indicate the highest percentage of nitrogen (Table Nos. 127 to 130 in 

the Appendix).. Then in the descending order of their percentage are the stem and 
branches and the roots. Amongst the reproductive forms, the flower-bud exhibits 
a high nitrogen content which is almost equal to that of leaves in September. As 
it passes from the flower to the mature boll stage, its percentage gradually declines. 
With the exception of flowers in which it is constant, the percentage progressively 
falls in all the organs as the season advances. This is also found in the case of 
. shed organs which are generally poorer in nitrogen than those on the plant. 

The fall in nitrogen percentage is due to the rise of dry matter. At first the 
l'ate of decline is rapid, .but later it is gradual and slow. In all the years, the per
centage in leaves remains constant for some time and then begins to decline. The 
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perio~ of this constancy varies .in different years and appears to depend upon the 
~uratIon ~nd the. amoll~t of ramfall. Longer ~he duration of rainfall, longer also 
IS t·he penod durmg which the percentage of mtrogen remains constant. In 1928 
th? duration of rainfall wa~ l~nger than in 1929; but the total quantity of rain ob: 
tamed was only twenty~slx mches. In other years rainfall was more than forty 
inches. Thus the total effect in terms of duration appears to be less than that in 
1929. The constancy in nitrogen percentage in spite of the rise in dry matter in the 
earlier stages of leaf growth is only apparent and will be explained later under pro
tected plants. The percentage in leaves does fall with increase in 'dry matter. 

Percentage nitrogen expressed on the total dry matter of leaves (Leaves on 
the plant plus those shed) falls continuously throughout the season (Table No. 108). 
It is worthy of note, however, that in all years, especially in. 1930 and 1931, the 
decline in nitrogen continued even when the dry matter remained almost constant 
from the third week of December. It was therefore inferred that a part of le.af 
nitrogen was translocated to other parts. 

TABLE No. 108. 

Percentage nitrogen expre88ed on total dr'lJ matter of leaves. 

(Shed plus non-shed). 

1929-30. , 1930-3!. I 1931-32. 

Datas. 
Weight of I Nitrogen. I Weight of I NitrOgen., 

Weight of 
, Nitrogen. leaves in leaves in leaves in 

grammes. grammes. grammes. 

18th Septembl'r. 6·19 3·84 .. .. .. . . 
24th September. .. .. 4·80 3'56 3·45 2·95 
o 1st October .. 14·38 3·30 8·92 3·35 4·05 2·89 
8th October .. .. .. .. . . 9·00 3·20 

15th October .. 23·47 3·34 14·40 3·15 .. .. 
29th October .. 27·47 2·88 20·40 3·13 17'50 2·79 
12th November 42·08 2·76 29·60 3·00 24·17 2·70 
26th November 48·83 2·38 36'00 2·80 39·10 2·77-
10th December .. 48·60 2·44 43·75 2·68 52·40 2·60 
24th December .. 55·70 2·01 44·50 2·41 49·00 2·69 
7th January .. 59·50 1·89 48'40 2·11 60·00 2·28 

21st January .. 57·33 1·67 50·40 1·79 54·75 2·10 
4th February .. 64·00. 1·72 55·75 1·38 51·58 1·94 

18th FI'bruary .. 50·00 1·49 48·75 1·55 48·50 1·65 
4th March .. 45·99 1·44 48·99 

I 
1·32 47·33 1·44 

I 
Nitrogen percentage in leaves on the plant and in fact in all the vegeta~ive 

organs is related to the early or late cessation of rainfall. Earlie~ the c~ssatlOn, 
the greater the production of dry matter and less the percentage. mtrogen l..Q plant 
parts. In 1931-32, where the rains continued as late as the lIDddle of October, 
the nitrogen percentage in leaves was the greatest .. In 1929, on the other hand, 

o the rain stopped as early as 15th August and the mtrogen content of leaves was 
found to be the poorest. The year 1930-31 was intermediate in this respect. 

In the case of shed leaves, it is important to note ~hat the percentage nitrogen 
expressed either on total dry matter or on ash-free baSls gradually falls throu~hout 
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Le season. (Table No. 109.) Shed leavos in the earlier part of the Boa.ion are richer 
l nitrogen than those in the latter part. It may be further observed that the order 
L which the percentage nitrogen can be arranged in respect of magnitude in the 
U'ee years is just the reverse of that found in the leaves on the plant. It has been 

TABLE No. 109. 

Percentage nitrogen in 8hed leaveB on dry maUer Jree oj aBh . . -
Dates. 192~30. 1930-31. 1931-32. 

15th October 2·82 2·36 
29th Ootober 2'98 2·44 2·25 
12t.h November 3·05 2·94 10113 
26th November 2·55 2·31 2·18 
10th December 2·63 2·43 2·04 
24t.h December 2'46 2'40 1·94 
7th January 2'40 2·05 1·98 

21st January 1·95 1·93 1·811 
4th February 1·99 1·73 1·59 

18th February" 1·83 1·64 1·43 
4th March 1·511 1·39 

18th March 1·53 1·37 

pointed out that in 1929, the percentage nitrogen in the leaves on the plant was the 
lowest. When these shed they contained the highest amount compared with the 
shed leaves of the other two years. In 1928, the earlier figures of percentage nitro· 
gen in shed leaves ought to have been the highest to be in keeping with the reverse 
order. This was, however, not so. Ash determinations were not made this year 
and therefore it is difficult to estimate whether the percentage nitrogen in shed 
leaves was really higher if expressed on dry matter free of ash. 

Percentage nitrogen in shed leaves is lower than that found in leaves on the 
plant. The difference between the two varies, however, from year to year. (Table 
Nos. 128 to 130 in the Appendix.) It was nominal in 1929, appreciable in 1930 and 
highest in 1931. This gradation of difference between the percentage nitrogen 
in shed and non·shed leaves appears to be related to differences between the 
percentage nitrogen in the flhed leaves of the three years. 

Periodical determinations of nitrogen in growing bolJs from the flower stage 
to maturity indicate that the young boll takes about two months to mature and 
contains nearly forty milligrammes of nitrogen at this stage. (Table No. 131 in the 
Appendix.) Altho!Igh the percentage nitrogen falls as in all organs, with increaae 
in dry matter it may be noted that the boll requires comparatively more nitrogen 
than other substances during the early phases of its growth, as within the first fort
night from the day of anthesis, the fall in percentage amounts to 2'7 while during 
the remaining period of one month and a half it is only 0'4. 

The quantity of nitrogen absorbed by the plant at -various stages of its growth 
is given in the Table Nos. 132 to 135 in the Appendix. It is to be noted that prior 
to the commencement of boll growth and at harvest the plant contains l' 8595 
(88%) and 2'1047 grammes respectively of this element. Thus, during the period 
()f boll growth which extends at leaf$t over a month and a half, only 0'2452 (12%) 
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grammes of nitrogen is taken up from the soil. The amount of this element in 
bolla is however far greater, indicating that the additional nitrogen has been con
tributed by the other organs of the plant, particularly the leaves. 

TABLE No. 110. 

Total nitrogen in grammes as the mean oj three years in different organs oj the plant 
at two stages oj growth. 

Plant organs. 

oots .. .. .. .. .. 
tam and branches .. .. .. 
eaves on the plant .. .. .. 
hed leaves .. .. .. . . 

R 
S 
L 
S 
Le 
M 
o 
AI 

aves on the plantplua shed leaves .. 
Bture bolls .. .. .. .. 
ther reproductive organs • • . • 
I reproduotive forms shed and non-
shed. 

-
Total in the Whole plant .. .. 

Before the commencement At harvest (Completion 
of boll growth 24/12. of boll growt·h). 

Dry matter. I Nitrogen. Dry matter. \ Nitrogen. 

27'92 0·1273 31·77 0·1143 
29·18 0·1623 34'33 0·1483 
40·32 0·9978 15'94 0·2763 
10·00 0·1758 32'83 0·4172 
50·32 1·1736 48'77 0'6935 
4·70 0·1299 68'94 0'9004 
8'92 0'2663 12'52 0'2480 

13·12 0·3962 81'46 1·1484 -- --

121·03 1·8595 196·40 2·1047 -- --
The figures underlined in the above table make it at once evident that more 

than two-thirds of the nitrogen utilised in the reproductive forms, both shed and 
non-shed, during the period from the commencement of boll growth to their maturity, 
is derived from the degradation products of protoplasmic nitrogen in leaves 
(Maximov 1930, page 244). The leaves thus serve as it were as storage organs 
for nitrogen. Kudrin (1928) worked on cotton in Turkestan under conditions 
of irrigation and obtained analogous results. He found that in addition to nitro
gen, translocation of ash constituents from the vegetative to the reproductive 
parts also occurs. The results here presented do not, however, corroborate his 
observation in regard to the translocation of inorganic constituents. 

The draft made by the cotton plant on nitrogen of the soil during its career 
on the land, amounts to 22-44 pounds per acre. Out of this quantity 10'04. pounds 
per acre are returned to the soil, in the form of shed organs such as the leaves, 
flower-buds and bolls. 

Distribution of nitrogen in different plant parts is given below (Table No. 111) 
as the percentage of the total quantity absorbed during the season. From this 
distribution it will be clear that the demand for nitrogen on the part of the bolls 
is the greatest. More than fifty per cent. of the total nitrogen taken up by: the 
plant is present in the bolls inclusive of shed forms. The mature bolls contam lIB 

much as forty-three per cent. As a result of their study on the transport _ of 
nitrogenous substances in cotton, Ma.skell and Mason (1929) reach the conclusl~n 
that nitrogen absorbed by the plant goes largely to the bolls. These results are ill 
accord with our findings also . 

. The ra.tio of mineral matter expressed as ash, to nitrogen absorbed by the 
plant at different stages of growth is of specia.l interest. (Graph No. 48 and Ta.ble 
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TABLlIl No. Ill. 

'ercentage distribution oj nitrogen as the mean oj three years in difJerent organl 0/ the 
plant.' 

.Roots. Stem and Leaves on' Mature Shed Shed buds. Shed bolla. Total. branches. the plant. bolla. leaves. 

-
5·4 1·05 13·13 42·78 19·82 2·28 9·1\2 99·91 -

No. 199 in the Appendix.} It rises till the middle of November a.nd then rern.aina 
steady or fa.lls slightly for over a month and a half. From the end of December it 
again ascends, almost at the same rate as that in the beginning, till the bolla are 
ready for picking. This throws light on selective absorption of the plant a.nd in· 
dicates that the requirement of inorganic ,rn.atter other ,than rotrogen in the early 
and late stages of growth is comparatively high. The period during which more 
nitrogen is bken than other mineral matter, that is the second half of November 
and the whole of pecember, synchronhes with the lattel' half 'offto"Wering and the 
early half of bolling period. It may be further observed that 01\ the whole the ratio 
stea.dily increases till the, end of the sea.son, showing that the quantity of nitrogen 

GRAPH No. 48. 
Ratio of total ash to total nitrogen at difJerent 8tage8 0/ plant growth. 
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increasingly falls with the advance in season in relation to other inorganio consti· 
tuents of the plant. This progressive fall in the absorption of nitrogen has to be 
'attributed, in the main, to its shortage in the soil as the plant has been found to 
respond to this element at any stage of it~ gr?wth (pages 19~ to 216). These 
results are important as they show the relative unportance of rutrogen. and. other 
ingredients of the soil to plant growth. More striking result.e are obtained In the 

. protected plant in regard to this ratio (page 177.) 
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J?ifJerent forms of nitrogen . 
. The total nit~ogen so far d~o~sed .either as p~rcentage ?r in quantity, com

prISes soluble a.nd msoluble albumlUOld rutrogen, alllld, ammomacal and the nitrate 
nitrogen. All these forms of nitrogen were estimated in 1926 and 1927 in the succu
lent parts of the plant such as leaves, flower-buds, flowers and bolls. In addition 
to these organs, shed reproductive forms were also analysed and studied. 

Leaves on the plant were divided into two portions: the young leaves and those 
that were fully grown or adult. The samples of flower-buds consisted of young forms, 
all of which were of the same size. Freshly opened flowers were taken every 
time for analysis. As in the case of flower-buds so in the case of bolls, the samples 
comprised young forms-all of the same size. In regard to shed reproductive 
forms, the procedure adopted in their collection was to shake the plant on the day 
of sampling a.nd collect all the flower-buds and bolls that dropped down at that 
time. Out of these only such forms were finally seleoted for analysis as were 
equal in size to those plucked from the plant on that day. It is necessary to point 
out that although the size of the plucked and shed buds and bolls were the same 
on any given day of sampling, they differed on different days of sampling. 

The results obtained in regard to different forms of nitrogen are presented in 
Table Nos. 136 and 137 in the Appendix .. As the nitrates were present only in 
traces, they have not been estimated. From these tables, it will be evident that 
the percentage of insoluble albuminoid nitrogen is by far the greatest and it 
behaves just like the percentage of total nitrogen in the plant. The percentage of 
soluble nitrogen which oonsists of amido, soluble albuminoid and the ammoniacal 
nitrogen is indeed very small. Their percentages range themselves in the order 
named, that is amid nitrogen being the highest in the lot. This gradation of the 
different form~ of nitrogen was noticed in all the organs studied with the exception 
of shed bolls in 1926 in which case only the percentage of ammoniacal nitrogen was 
slightly higher than that of soluble albuminoid nitrogen. This was apparently 
due to the converaion of the latter into the ammoniacal form as an after effect of 
shedding. 

One striking fact which the tables illustrate is the constanoy of the soluble 
nitrogen in the plant. As an instanoe, the case of leaves may be cited. Although 
the percentage of insoluble albuminoid nitrogen in the leaves steadily declines with 
advanoe of the season, that of soluble nitrogen remains pretty steady throughout. 

. Of greater importance, however, is the fact that on the basis of size, the per
centage of total and insoluble albuminoid nitrogen in the shed buds and bolls is con
spiouously less than that in the corresponding forms on the plant. (Graph No. 49.) 
The other forms of nitrogen are almost of the same order in the two cases. Thus 
relative to insoluble albuminoid nitrogen, the percenta,ge of soluble nitrogen in the 
shed organs is greater than,that existing in organs growing on the plant. On two 
occasions in 1926, both the shed and non-shed bolls were analysed after removal of 
their bracts. This analysis showed that the differenoes between the shed ~nd non
shed forms were not as striking as they were when the bracts had been moluded. 
It is therefore to be inferred that the bracts are affected to a greater extent than 
the ~vary and ~n this aocount they playa prominent part in ~he early stages of boll 
growth. The fact that the buds and bolls drop'down along Wlt~ the bracts and that 
they form a greater portion of dry weight of these organs durmg the bud and ~he 
early stages of boll growth suggests that they serve as storage organs on which 
the reproductive forms should fall in times of need. 

20 
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GRAPH No. 49. 

Percentage oJ Iotal and insolubl6 albuminoid nitrogen in non·BAed Gnd BAed b1uU and 
boll8, on the ba8i8 0/ size. 
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Leaving aside> the shed organs in which the process of decomposition may 
start, the results show that on the whole the amid-nitrogen predominates amongst 
the soluble forms of nitrogen in all the succulent organs analysed. Hass and 
Hill (1922) quote a lot of literature and come to the conclusion that growth is asso
ciated with the presence of asparagine or the amides. According to Prianichnikov, 
as quoted by these authors, ammonia is the end product of protein dissociation 
and asparagine is the form in which it is stored. Sure and Tottingham (1916) as 
a result of their study on .the germination of pea, conclude that amino acids serve 
for the production of amides in the plant. Newton (1927) worked on the metabolism 
of nitrogenous compounds in dormant and non-dormant potato tubers and found 
that amid-nitrogen content of the juice was greater in non-dormant than in dor
mant juice. He feels that asparagine is a factor on which growth depends. Palla
din (2nd Am. Ed. 1922) cites numerous references on this subject. Our results 
indicate that the soluble nitrogen is the active and the mobile form of nitrogen 
and in which the amide form dominates. Further, as the percentage of amino
nitrogen is higher than that of ammoniacal nitrogen and that of amid-nitrogen higher 
than that of amino-nitrogen, it may be assumed that probably ammoniacal nitrogen 
is converted into the amido form and the amino-nitrogen in the ammoniacal form 
as suggested by Prianichnikov. 

(f) ETHER EXTRACT. 

Among the vegetative organs of the plant, leaves record the highest percentage 
of ether extract at any time in the season (Table Nos. 138 to 141 in the Appendix). 
The percentage remains constant at about four till the middle of December and 
then steadily ascends to about seven by the middle of February. It may be noted 
that although the dry matter of leaves rapidly increases, the percentage of ether 
extract is almost the same till the middle of December. Hereafter the leaves on 
the plant are all advanced in age and the rise in ether extract indicates the accu
mulation of resins and yellow pigments which gradually increase as the leaves grow 
older. In shed leaves, the percentage ether extract is always lower in the early 
stages of plant growth. It is only in Jap.uary that the percentage in the two cases 
becomes equal. 

Next in the descending order of percentage are tbe roots. In 1930, they showed 
a constant percentage in spit.e of the fact that their dry matter growth was rising 
all along for considerable time in the season. In 1931 on the other hand, the per
centage was constant till the middle of December after which time it gradually 
increased. The percentage of ether extract in the stem and branches in both the 
years was the lowest and fairly constant at all times during the season. 

In flower-buds, flowers and young bolls the percentage is intermediate between 
that of the leaves and the roots. In the bolls as they increase in dry matter, the per
centage ether extract rapidly rises and takes more than a fortnig.ht to rea~h a maxi
mum value_ The ether extract in plant organs generally contams materIals of the 
type of fats, lipoids, etherial oils, pigments, etc.; in the case of bolls, however, as 
the seeds develop when the dry matter of bolls rapidly increases,. it is r~sonab~e 
to ascribe the rise in ether extract to the formation and accumulatIOn of 011. ThiEl 
is corroborated by direct observation also. 

(g) FIBRE. 

Fibre content of all the organs is not the same (Table Nos. 142 to 145 in the 
Appendix). In roots, stem and branches it is nearly fifty per cent. In the rest 
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of the organs its percentage is within the limits of ten and twenty. The fibre con. 
tent of growing bolls begins to rise generally in the second week of January 
.and continues to do so till it is about forty pl'!r cent. at maturity. Shed leaves I!how 
the lowest content of fibre owing mainly to the deposition of large quantities of 
inorganic matter in them. 

Percentage fibre in roots rilles in the beginning to about sixty and then declines 
steadily to forty, some time in January or in the early part of February, and again 
rises toward~ the end of the crop season. It behaves in a like manner in stem and 
branches but the extent of decline is not as great and there is no second rise also. 
In leaves on the plant, the percentage varies within the range of ten and fifteen. 
The fluctuations in fibre percentage in roots and its rapid rise in bolls are important 
and will be presently discus.'1ed. 

(h) HYDROLYSABLE OARBOHYDRATES. 

The percentage of hydrolysable carbohydrates in leaves on the plant is on the 
whole at fifty; in roots, stem and branches it is about thirty. five and in young 
reproductive forms generally higher than that in the leaves (Table Nos. 146 to 149 
in the Appendix). Shed bolls contain more than fifty-five per cent. of these. 

Fibre does not dissociate into less complex forms of carbohydrates and hence 
the rise or fall in its percentage may be relative in character depending upon the 
decrease or increase in the percentage of other constituents. It will therefore bo 
evident that the fall in the percentage fibre in roots is the result of the deposition 
of hydrolysable carbohydrates which dominate the other constituents. In 1930.31, 
the fibre content of roots declined from sixty to forty per cent. owing to the ac· 
cumulation of hydrolysable carbohydrates (Table No. 112) and rose again to fifty. 
This increase in fibre percentage which took place in the month of January was not 
caused by the translocation of hydrolysable carbohydrates to other organa of the 
plant thus relatively raising the fibre percentage but was due entirely to their 
conversion into fibre. This conversion of less complex forms of carbohydrates 
into fibre in roots also occurred in 1931·32. 

TABLE No. 112. 
Percentage and total fibre, hydrolysable carbohydrates and other C01I8tituen18 oJ roo~. 

1930-31. 

Per cent. total Total Percentage 
Dates. Dry matter Per cent. Total fibre hydrolysable hydrolysable of other 

in gms. fibre. in gmB. carbohy- carbohydrates COIIBtituenta. 
drateB. in gms. 

15th October .. 4'90 61·25 3·00 25·87 1·27 12·87 
29th October .. 6·60 61·00 4·03 27·47 1'81 11·53 
12th November .. 8'00 53·60 4·25 34·62 2·77 11·79 
26th November •• 16·00 49·87 7·98 36·55 5·85 13'58 
10th Deceu;.ber •• 25·60 52'10 13·34 37·30 9·55 10·60 
24th December .• 24·00 50'85 12·20 39·13 9·39 10·02 

7th January .. 24·25 41'50 10·06 47·27 11·46 Il·23 
21st Ja.nuary .. 30·00 47·00 14·10 43·19 12·96 9·81 
4th Fe brU/l.ry .. 24·00 46·45 Il·14 44·15 10'59 9·40 

18th February .. 28·25 54·95 15·62 35·34 9·98 9·71 
4th March .. 28·75 61·75 ·14·88 36·94 10·62 11·31 

11th March .. 26·25 48·45 12·72 39·75 10·" 11·79 
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Transformation of hydrolysable carbohydrates into fibre also occurs in 
growi~g bolls when they rapidly increase in dry matter (Table No. 113). In this 
c~se, It may be noted that a part of hydrolysable carbohydrates is changed into 
011 as well. The last analysis given in the following table shows the percentage 
composition of mature bolls. 

The high content of hydrolysable carbohydrates in leaves and their accumu
lation in roots during the season places above doubt the fact that they do not fall 
short of the requirement of the plant at any stage. 

Dates. 

24th December 
7th January 

21st January •• 
4th February 

18th February 
4th March .. 

23rd December 
6th January 

20th January 
3rd February 

17th Fehruary 
2nd March •. 

TABLE No. 113. 

Periodical percentage composition of'growing boll8. 

1930-31. 

Hydrolysable 
Dry matter Proteids. Etber extraet Fibre. carbohy-

drates. 

-
.. 4·00 17·91 2·08 20·35 45·21 .. 13·44 16·43 1·80 17·40 52·98 .. 25·40 9·20 2·20 31·05 50·11 .. 75·50 7·22 5·70 39·70 40·15 .. 72·50 7·21 5·10 40·20 39·04 .. 72·83 7·97 7·45 41·60 36·10 

1931-32. 

.. 2·50 16·56 1·85 14·70 53·85 .. 12·13 13·13 2·00 18·95 56·37 .. 25·00 12·17 2·60 20·05 54·99 .. 50·00 9·33 2·55 27·85 54·67 .. 47·25 7·84 5·60 32·50 45·54 

.. 85·00 7·84 6·35 37·50 37·08 

Ash. 

14·45 
11·39 
7·44 
7·23 
8·45 
6·88 

13·04 
9·55 

10·Hi 
5·60 
8·52 

11·23(t 

(i) RATIO OF TOTAL HYDROLYSABLE CARBOHYDRATES TO TOTAL NITROGEN. 

A good deal of work has been done during the last decade on the relative pro
portions of carbohydrates and nitrogen in the plant in relation to different phases 
of growth. Following upon the classical researches of Klebs, Kraus and Kraybill 
(1918) studied the chemistry of tomato and were the first to point out that the 
vegetative or reproductive growth made by a plant depended upon the "balanced 
condition" of carbohydrates and nitrogen within. They state, among other things, 
that plants grown with an abundant supply of nitrogen and an. opportunity ~or 
caJ:bohydrate synthesis are vigorously vegetative and fruitful; those grown Wlth 
a moderate supply of nitrogen are less vegetative but fruitful and again those grown 
with a low supply of nitrogen are weakly vegetative and unfruitful. . Subsequently, 
numerous investigators prominently amongst whom may be mentioned Hooker, 
Harvey, Murneek, Crocker, Gurjar, Nightingale, etc., worked on. plants .such ~s 
tomato, apple and peach trees, salvia, soybeans, etc., an~ have substantIated, m 
the main, the conclusions reached by Kraus _and KraybiU. 
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Crocker (1919) interpreted the balanced condition in terms of the ratio of 
carbohydrates to nitrogen. Nightingale (1922) came to the conclusion that the reo 
lation of carbohydrates to insoluble nitrogen in the plant was more significant 
than that of the former to total nitrogen. Gurjar (1920) gave definite ratios for the 
vegetative and reproductive phases of growth. 

The ratio of total hydrolysable carbohydrates to total nitrogen present in 
difterent organs of the cotton plant (Table No. 114) as determined by us riBea con. 
tinuously w.:ith advance in the season. It is very low during the vegetative state 
and rises to high proportions during the reproductive state of the plant. It is not 
possible, as Gurjar has done, to aBBign a definite ratio to the two phases of growth 
in cotton as the ratios in the two years have diftered considerably when the 
reproductive phase is initiated, This subject will be discussed in full detail under 
the protected plants. 

TABLE No. 114. 

Ratio 0/ totaZ hydrolysable carbohydrates to total nitrogen in di//erem organs. 

(Shed organs excluded.) 

Dates. 

15th October . . .. 32·50 
2 9th October .. .. 48·21 
12th November .. 54,·84 
26th November .. 57·89 
10th December •• .. 75·96 
24th December •• .. 90·31 
7th January .. .. 92·73 

21st-January .. .. 107·52 
4th February " .. 136'01 

18th February .. .. 89·60 
4th. March .. .. 99·71 

11th March .. " 88·81 

25th September .. 36·58 
1st October .. .. 57·71 
8th October .. .. 51·31 

28th October .. .. 45·31 
12th Novomber .. 40·83 
26th November .. 48'52 
10th Deoember •• .. 62·13 
24th December •• .. 61·16 
7thJauuary .. .. 77·64 

21st January '~I .. 80·25 
4th February .. .. 105·16 

18th February .. .. 107·27 
4th March . . .. 80·35 

18th March .. .. 103·88 

1930·31. 

33·61 12·76 
40·62 12·17 
54·76 16·54 
54·86 16·61 
57·82 16·81 
65·32 18'51 
82·58 20·76 
81·46 24·69 
93·68 35·97 
87·45 27·31 
91·04 30·99 
87·86 33·87 

1931·32. 

29·88 15·91 
31·27 16·19 
32·08 15·31 
36'07 16·77 
27'57 16·69 
46·67 15·90 
58'58 18·08 
59·35 16·35 
67·53 19·34 
71'42 20·23 
69'47 20·91 
75·02 23·62 
70·13 24·75 
73·65 26'09 

Flower. I F1oW8l'1J·1 Bolla. buds. 

14·116 .. .. 
14·93 .. .. 
14·91 .. .. 
14·66 .. .. 
16'54 16'41 .. 
13'48 16·93 15·76 
17·05 16·32 J9'79 .. .. 35·03 .. .. 34·76 .. .. 33·85 .. .. 29·51 .. .. 28·66 

.. .. .. .. .. .. .. .. .. .. . . .. 
15·16 .. .. 
17·99 20·78 18·89 
14·90 19·89 20·31 
14·90 19·85 20·33 
15·25 19·27 26·82 
20·97 20·58 28·25 
24·64 22·23 36·64 .. .. 35·10 . . .. 29'27(f) .. .. 35·38 
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II. MANURED UNPROTECTED PLANTS'. 

In the year 1928-29, in one of the plots, unprotected plants were manured 
on the 23rd August with twenty pounds of nitrogen per acre as sulphate of ammonia. 
~he plants were grown ~~ghteen inche~ apart on high ridges (a foot high) spaced 
SlX feet apart. The fertIlizer was applied at the base of the slopes of the ridge on 
both the sides. The manure was thus a foot away from the young plants. It 
may be noted that no appreciable rain was received till the third week of Sep
temlJer. The plants were given on the 19th October, a second dose of nitrogen 
as nitrate of soda at the rate of fifty pounds of nitrogen per acre. This time, the 
fertilizer was given in the centre of the furrow, i.e., three feet away from the plants. 
No rain was received after the application of this dose, the last rains having fallen 
on the 23rd September. Unprotected plants in an adjacent plot, spaced three 
fcet both ways, served as control. Although the square space allotted per plant 
in both the sets was the same, the planting was required to be modified in the 
manured plot to suit the convenience of manuring on field scale. 

The analytical data on the unprotected manured plants in regard to dry 
matter, moisture and nitrogen are assembled in Table Nos. 150 to 153 in the Ap
pendix. They show that the differences noticed in the moisture content of different 
organs of these plants were similar to those observed in the control. The applied 
nitrogen failed to affect the moisture content of the vegetative parts of the plants. 
The reproductive organs, however, showed all along a higher moisture content 
than that in the corresponding forms of the control. The production of dry mattcr 
of the treated plants was nearly twice that of the control. As the dry matter built 
by the plant must be to some.extent proportional to water transpired, it is within 
the limits of reason to assume that the drain of water from the soil in the manured 
plot was considerably greater than that in the untreated plot. Such unequal drain 
of soil moisture in the same year can also be seen if comparisons 'are instituted 
between the dry matter of the protected and the unprotected plants. It appears 
therefore to be fairly certain that the supply of available moisture in the Surat 
soils is always above the current needs of the plant. 

The effect of applied nitrogen as expressed in dry matter was felt from the 
first week of November. The dry matter of the treated plants began to increase 
more rapidly from this time onwards. The general nature of growth of all organs 
was on the whole the same in the two sets. Owing to manuring, the time of com
mencement of leaf-fall and boll growth did not differ from that in the control. 
The most notable difference between the two sets was in regard to the magnitude 
of growth. The dry matter of the manured plants was twice as great as that of the 
control (400 against 200 grammes). Again, the treated plants gave more than 
double the yield of bolls as the untreated (130 against 50 grammes). 

It may be further observed that although the root system of the manured 
plants was heavier by about ten to fifteen grammes, the relation of the shoot to root 
indicate that for the same weight of the roots in the untreated a greater amount 
of dry matter of shoot was built up in the manured set. 

It has been noted above that although the plants had been manured as early 
as the 23rd August, their dry matter production ,did not differ from that of the 
control till as late as the middle of November. Whilst this was the case, figures for 
percentage nitrogen indicate that the vegetative organs of the. Pla:nt recorded a 
higher percentage within a month from the date of the first applicatlOn of the ma
nure (Table No. 115). Its effect on stem and braqches could be seen even earlier. 
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As the dry matter production of these p1a.nts did not sIlow any extra increase over 
the control, it is concluded that the highe~ nitrogen content of the vegetative parts 
of the treated p1a.nts was not due to a higher rate of production of new buds, but 
was entirely the result of accumulation of this element during the period. Per
centage nitrogen in vegetative parts was throughout higher. The nitrogen content 
of other organs was almost the same in the manured and the control sets. 

TABLE No. 115 • 

. Perce..ntage nitrogen in vegetative organs 0/ the manured and control plant8. 

1928·29. 

Roote. i Stem and branchee. Leaves. 
I 

Dates. 

Manured. I I Manured. \ Manured. \ Control. Control. Control. 

15th August .. .. 1·71 .. 1-39 -- 3-76 .. 
23rd August -. .. -. .. .. .. .. " 27th August •. .. .. 1-20 _. 1·75 .. 3-39 

3rd September .. 1'07 -. 1-67 .. a-09 .. 
lOth September " .. 1'0~ -, 1·76 " 3·40 
17th September .. Rain .... Rain " l~in .. 
24th September .. .. 0-87 . . 1·39 .. a'02 

1st October .. .. 0-8S .. 1·31 .. 3·25 '. 
8th October .. .. .. 0-58 . . 0·78 .. 2'86 

15th October .. .. 0-71 .. 1·08 . . 2·84 .. 
22nd October .. .. .. 0-55 .. 0·70 " 2-54 
29th October .. .. 0-75 " 0·77 . . 2·M .. 
5th November .. .. 0-47 .. 0-63 .. 2·47 

12th November .. 0'48 .. 0-64 .. 2·S3 .. 
19th November .. .. 0·38 .. 0-51 " 2-16 
26th November .. 0-55 .. 0·78 .. 2-30 .. 

3rd December .. .. 0-39 .. 0-46 .. 2'03 
10th December .• .. 0-46 .. 0'56 .. 2·19 .. 
17th December •• .. .. 0·33 .. .0-40 . . 1D-6 
24th December • ~ . - 0-34 " 0·50 .. 2·01 .. 
31st Deeember .•• .. .. 0·33 .. 0'40 . . 1-70 
·.7th January .. .. 0·36 .. 0'54 . . 1·76 .. 
14th January .. .. . - 0-34 . . .0·39 .. 1'65 
21st January . - .. 0-32 .. 0'42 . . 1·87 .. 
28th January " .. .. 0-28 .. 0·37 .. Hi4 
4th February .. .. 0.34 " 0.44 .. 1.64 .. 

11th February .. .. .. 0'32 .. 
j 

0'38 . . 1'51 
18th February -. .. 0'39· .. 0'42 .. 1-09 . . 
25th February -. .. .. 0'29 .. 0'33 . . 1'62 

The question'now arises as to' whether the nitrogen in the form of ammonium 
sulphate or sodium nitrate or both was utilized by the plant. As there was no 
rain since the 23rd September and as sodium nitrate was administered nearly one 
month 1a.ter in the hottest part of the season, it is inferred from our expt'l'ience 
over a number of years that it remained unused in the surface layer of the soil for 
want of .water tQ,. carry it down and nitrogen of ammonium sulphate given in August 
alone was used by.the plant. Had it not been to the precipitation of about five 
inches rain in the third week of September, even ammonium sulphate would not 
have been available to the plant. 
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This will be seen from the results of experiments conducted in 1929-30 where 
fifty pounds of nitrogen to an acre as ammonium sulphate was applied on the 6th 
Septembflr in two plots, nine inches away from the plants, on both sides of the 
ridges on which the plants were situated. There was no effective rain since the 
15th July that year. One of these plots was irrigated on the 4th November with 
about six acre-inches of water. Control was maintained in a plot near by. Chemical 
analysis was confined throughout the season to leaves on the plant in the three 
sets. Determinations of moisture, dry matter and nitrogen (Table No. 116). 

TABLE No. 116. 

Percentage oosture, dry matter and nitrogen in leaves (on the plant) of plants under 
different treatments. 

2nd September 
16th September 
30th September 
14th October 
28th October'" 
11th November __ 
25th November __ 
9th December __ 

23rd Deoember __ 
6th January 

20th January 
3rd February 

17th February 
3rd March 

17th March 

2nd September 
16th September 
30th September 
14th October 
28th October '" 
11th November 
25th November 
9th December 

23rd December 
6th January 

20th January 
3rd Febt'uary 

17th February 
3rd March 

17th March 

21 

1929-30. 

(a) Percentage moisture in leaves. 

Dates. Manured. Control. 

83·8 79·8 
78-2 77-7 
75·5 77-4. 
78-1 76·5 
75·3 76·7 
76·7 77-3 
73·3 74·7 
73·1 71-8 
71·4 72·3 
70·2 72·4 
69·99 69·2 
69·5 69·7 
67-7 68·4 
66·8 65·5 
63-9 64·4 

(b) Dry matter of leaves on the plant in the above sets. 

1-46 
4-20 
9·28 

26·32 
37-08 
33·22 
42·78 
48·02 
38·16 
49·10 
44·54 
60·86 
25·42 
19·32 
16-26 

• Irrigated_ 

2·86 
6·20 

16·12 
20·46 
24-48 
26·16 
35-14 
52·10 
48·54 
36·58 
48·06 
32·08 
19·70 
21-67 
28-70 

Manured & 
irrigated_ 

81·9 
77-0 
75-3 
77·2 
75·3 
77·3 
74-4 
73·9 
73-1 
73·7 
72·3 
69·2 
71·4 
66·1 
62·8 

0·98 
4·41 

11·82 
21·22 
3·i-42 
46·44-
67·18 
95·80 
89·lO 
65·28 
94-·72 
88·12 
40·66 
31·56 
24-22 
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TABLE: No. 116-(concld.) 

Percentage moisture, dry matter and nitrogen in leaves (on the plant) oJ plant8 under 
different treatments. 

16th September 
30th September 
14th October •• 
28th October • 
11th November 
25th November 
9th December 

23rd December 
6th January 

20th January 
3rd February 

17th February 
3rdMarch 

17thMarch •• 

Dates. 

1929-30. 

(0) Percentage nitrogen in leaves. 

Manured. 

3·55 
3·26 
3·22 
3·08 
2·81 
2·72 
2·63 
2·34 
2·13 
1'93 
1·80 
1·78 
1'56 
1·53 

• Irrigated. 

Control. 

3·69 
3'14 
3·16 
3·08 
2·94 
2·78 
2·40 
2·27 
2·10 
2·06 
1·86 
1'95 
I-50 
1·38 

Manured " 
irrigated. 

a·60 
3·37 
3'35 
3·39 
3·87 
3·38 
2·86 
2·77 
2·60 
2·24 
2·13 
l'U9 
1·64 
I·U 

indicate that the plant did not respond to the applied nitrogen: unless supplied 
with· water to make it mobile. The dry matter of leaves and their moisture and 
nitrogen content in the manured and control plots did not much differ. In the 
plot which received both the manure and irrigation, the dry matter, the 
percentage of moisture and nitrogen increaSed. within a few days from the date 
of irrigation, and remained all along higher till the end of the Beason. It is difficult 
to say with the data, based as they are on aggregate samples of leaves, whether the 
increase in the percentage of nitrogen and to some extent of moisture is to be aB

cribed to the greater content of individual leaves or to differences in the relative 
increase in the proportions of" younger to older leaves. However, the change of 
colour from yellowish green to deep green within a few days after the irrigation 
and the greater production of leaves from' this time onwards suggest that the 
increase in percentage of moisture and nitrogen, must have been due to both. 

Returning noW'to the manured and the control plants of the year 1928·29, 
it will be seen from Table Nos. 132 and 153 in tbe Appendix that the quantity of 
nitrogen absorbed by the former was about four grammes as against two in the lat
ter_ It has already been stated that the' collection of shed forms this year WaB 

not quite satisfactory from the 21st January 1929 and therefore the quantities of 
nitrogen absorbed by the plants during the season must bave been somewhat greater 
than what the above figures indicate. Nitrogen in bolls of the treated and the 
untreated plants amounted to 1-6 and 0':11 gra:IDmes. respec.tively. Further, the 
figures for total tlitrogen reveal the fact that the economic. transfer of nitrogen 
from leaves toJJle parent plant takes' place aJ!,d that the nitrogen 80 tra.nsferred 
is utilized by the developing bolls. 
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m. PRoTECTED PLANTS. 

T he study of the protected plants was started in the year 1929-30 and continued 
for a period of three years. The analytical data on these plants will now be con
sidered from two points of view. Firstly, the behaviour of the protected plants 
as such under the influence of the three seasons will be studied and secondly, their 
performances. will be c~mpared with those ?f the unprotected in the corresponding 
years. In thIS comparIson the season remaIns the same and on this account, the 
differences in the growth of plants belonging to the two sets are well seen. 

(a) DRY MA.TTER. 

The different organs of the protected plants range themselves in the same 
descending order of their weighta as that observed in the unprotected (Table Nos. 
154 to 156 in the Appendix). The growth of bolls, however, does not bear any such 
relation to that of the other organs. Their dry matter may remain below the 
weight of leaves in one year or may be as much as twice the weight of leaves in 
another, the magnitude of the difference depending upon the conditions of environ
ment.. Further, it may .be noted that in spite of the varying influence of the sea
sons the commel}.cement of leaf-fall in all the three years occurred at the same time 
from: the middle of December. The rate of fall however varied, late years being 
associated with a less rate. 

The time of the commencement of leaf-fall and boll growth has an important 
bearing upon the yield of the latter. In 1930 and 1931, both the processes began 
simultaneously from the middle of December as happens in the protected plants. 
In 1929 on the other hand, the dry matter of bolls began to increase one month 
earlier. On this account, the yield of bolls this year was twice that in any of the 
other two. As the leaves are the photosynthetic organs, the arrival of bolls before 
the start of leaf-fall is of special advantage to the plant. 

With r~gard to the influence of the three seasons on the vegetative and re
productive growth, it may be stated that drier conditions of environment are more 
congenial for reproductive growth. This will be seen from the following ratios 
of the dry matter of the vegetative organs to that of the reproductive, in the three 
years, O· 87, (1929) 1·09, (1930) 1·79, (1931). " 
, The total production of dry matter differed considerably in the three years 

,(Table No. 117). In 1929,.it was 256 grammes, while in other years it was much 

TABLE No. 117. 
Diy rootler in grammes of different organs in the protected plants at harvest. 

(On oven-dry basis.) 

Years. 

192~30 .. .. 20·00 44·40 17·60 116·00 37·00 21·96 256·96 
1930-31 .. .. 19·40 22·00 11·25 57·25 26·50 15·00 151·40 
1931-32 .. .. 21·50 46·00 27·00 46·50 27·78 21·50 190·28 

Average '. .. 20·30 37·47 18·62 73·25 30·43 19·49 199·55 

" '_less. The season of 1929 appears therefore to be more condUCIve to a balanced 
growth of the vegetative and the reproductive organs. ., 

" 
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(b) CoRRELATIVE INFLUENCES OJ' OROWTll. 

The growth of boIls on the plant exerts a retarding influence on the develop
ment of vegetative organs (Table No. 118). This will be particularly observed in 
1930 and 1931. In 1929, however, the growth of boIls proceeded simultaneously 
with that of the vegetative parts for over a month till the middle of December. 
Thereafter, the vegetative organs did not increase in dry matter but the growth 
of bolls still continued till the end of the season. 

TABLE No. 118. 

Dry matter in grammes oj the vegetative organs and t'haJ oj growing bolla. 

1929-30. 1930-31. 1931-32. 

Dates. 
Vegetative I Vegetative I Vegetative I Bolls. Bolls. Bolls. orge.na. orge.na. orge.na. 

7th October .. .. 29,05 .. 16·84 " .. . . 
21st October .. .. 56·38 0·27 34·20 .. 19·37 . . 
4th November •• .. 74·02 1·12 42·88 O'Gl 35·92 .. 

18th November •. .. 85·39 10·00 68·90 1·80 75·17 .. 
2nd December " .. 103·43 41·25 80·17 6·00 98·40 0·69 

16th December .. lID· 04 75·30 79·20 14·20 109·25 6·7G 

30th December .. 116·87 99·83 91·00 37·80 105·25 27·50 

14th January .. .. 120·04 94·20 94·20 43·40 103·00 60·00 

28th January .. .. 1I9·00 1I6·00 98·76 63·71i 107·75 46·76 

11th February .. .. U8·57 137·67 78·47 50·33 122·28 46·60 

25th February .. .. .. .. 79·15 57·25 127·50 95·76 

While this was the case with regard to the whole vegetative growth of the 
plant, the depressing effect of the growing fruit was felt by the root. even much 
earlier (Graph No. 50). In all the years under study, the root growth stopped 
with the commencement of rapid increase in dry matter of the boIls. Thel!e 
results indicate that all the energy of the plant is directed and utilized in the de
velopment of the fruit, and consequently the vegetative growth cease.. Debudding 
Elxperiments (page 237) throw further light on this problem. They show that 
if the reproductive organs are removed as they arise the vegetative growth of the 
plant is prolonged. 

, These observations are in accord with those made by Mason, Ewing, BaIls 
and Holton on cotton though their evidence is based on different data. Mason 
(1922) correlated the rate of elongation of the central axis with the number of 
flowers and fruits, set. He found that the rate of elongation of the axis decreased 
proportionately tQ,..the number of flowers formed and the fruit set. The retarding 

"influence of the .developing fruit on vegetative growth has been observed on other 
plants also (Murneek, 1926). """ _ 
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. (e) qOMl'ARISON 0]1' DRY MATTER GROWTH OF TIrE PROTECTED AND lrNPRoTECTED 
PLANTS. 

The protected plants differ from the unprotected in the weights of their root 
systems. The dry matter of roots of the former is always less from the first week 
of November (Table No. 119) which synchronizes with the start of flowering in those 
plants. This difference in the dry matter of root systems of the two sets, arises 
mainly as a result of damage to flower-buds by the spotted boll-worm 

TABLE No. 119. 

Compari8on of dry matter of the root SY8tems of the protected and unprotected plants. 

1929-30. I 1930-31. I 1931-32. 

Dates. 
Protected I Unprotected I Protected I Unprotected IProtected l Unprotected 

gms. gms. gms. gms. gms. gms. 

I 
9th September .. 0·81 .. .. .. .. .. .. 1·00 .. . . . . .. 

23rd September 2·53 .. .. .. .. .. .. 3·38 .. 2·08 .. 1·06 

7th October .. 3·74 .. 3·44 .. .. .. . . 5'45 .. 4·90 .. .. 
21st October .. 7·79 .. 4·60 .. 2·67 " .. 7'48 .. 6·60 .. 4·75 

4th November •• 13·55 .. 7·04 .. 4'.67 .. .. 11·50 .. 8·00 .. 7·50 

18th November 12·92 .. 9·60 .. 12·67 .. .. 21·00 .. 16·00 .. 14·60 

2nd December •• 13·60 .. 13·00 .. 18·00 .. 
.. 25·20 .. 25·60 .. 19·00 

16th December •• 15·80 .. 16·20 .. 18·75 .. .. 38·50 .. 24·00 .. 21·25 

30th December •. 19'50 .. 18·00 .. 17·50 .. .. 41'63 .. 24·25 .. 26·75 

14th January .. 19·00 .. 17·60 ... 19·50 .. 
.. 41'50 .. 30'00 .. 25·13 

28th January .. 20'00 .. 20·00 .. 20'00' .. 
45'00 24'00 .. 26·00 . . .. ,. .. 

11th February .. 21·40 .. 19·80 .. 21·50 .. 
.. 28·25 .. 28·00 

.. , 
.. .. 

25th February .. .. .. .. 20·00 .. 

(page 108). and starts from the time of attack till bolls are set. on th~ plant. 
The magnitude of the. difference varies frQm year to year according to Vll'Ulence 

. of the pest. 



The cause of this higher weight of roots in the unprotected plants is ~ot far 
to seek. With the growing area of leaf-surface, the production of carbohydrates 
rapidly increases and gets divided between the ,vegetative and the reproductive 
organs as occurs in the protected plants. In the unprotected, however, when the 
extra flower-buds and young bolls shed owing to damage by the spotted boll
worm, their share of carbohydrates is translocated to the roots and hence the 
increase in dry matter. This also explains the CEssation of root growth and later 
of other organs when the growing bolls monopolize all nutrition of the plant. 

The translocation of carbob'ydrates from leaves to roots when the damage to 
.flower-buds by the spotted boll-worm is in progress does not, ho"ever, lead to their 
accumulation as reserve food but is converted into fibre and utilized by the plant 
for mechanical purposes during descent of roots into lower depths of the soil. This 
will be evident from the figures for percentage and total hydrolysable carbohy
drates and fibre in Table Nos. le4 to 186 and 190 to 192 in the Appendix. 

The differences noticed in the dry matter of the root Bystems of the two sets 
are not, hO"'ever, to be found in the weights of the stem and branches. This is 
but natural as the productil of photosynthesis in the unprotected ,plants are not 
deposited in these organs during the period of boll-worm pruning but are removed 
to roots as stated before. The stem and branches in the unprotected plants, 
nevertheless, continue their' growth longer than ~holle of the protected. 

With regard, to leaves, it may be stated that, in the protected .plants leaf-fall 
starts nearly three weeks earlier when the maximum weight of the leaves on the 
plant is reached. This is not, however, noticed in the unprotected. Owing to 
shoot damage by the spotted boll-worm, new leaves arise which continue the gtowth 
and in consequence their dry matter' on the plant remains at a. maximum level 
for a longer time. 

No consistent behaviour is exhibited by the two classes of plants in respect 
of dry matter production of bolls. (Table No. 120.) Leaving out of consideration 

TABLE No. 120. 
Dry 'matter in grammes 01 ihe vegetative. and reproductive organs 01 the protected and 

'Unprotected plants at harvest • . ' 
. . Protected plante • Unprotected plante. 

Years. Vegetative I BoIlS. IShed b~ds Vegetative I Bolla. I Shed huds 
organs. and bolla. organa. and bolla. 

.. .-
1929-30 •• .. .. 119·00 116·00 21·96 125·33 '9·0Q 13·89 

193G-31 ' •• .. .. .. 79·15 57'25 15·00 114·4% . 72·83 13·67 

1931-32 •• .. .. 122'28 46·50 21·50 117·67 7%,50 12·00 .. . , , . 

the protected and Unprotected plants of 1930-31 where the total vegetative growth 
appreciably differed, it will be found that in the other two years there was & great 
disparity between.. the dry matter yields of bolls in the two sets. This indicates 
that the protected plants did not live up to their reputation as high yielder ~uring 
these years. The characteristics of the protected plants were less pronounce!1m the 
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years 1930 and 1931 while those in 1929 were the most typical. The loss of shed 
flower-buds and bolls together in these plants was always greater even if allowance 
is made for the shed corollas of mature bolls. 

Finally, it is important to mention that owing to absence of the spotted 
boll-worm, the protected plants finish their life-cycle earlier by a period of three 
weeks or so. 

(d) MOISTURE CONTENT IN THE PROTECTED AND UNPROTECTED PLANTS. 

The behaviour of percentage moisture in different organs of the protected plants 
is the same as that studied in the unprotected. (Table Nos. 157 to 159 in the 
Appendix.) The data in the two sets may now be compared. Broadly spraking, 
it is found that on the basis of age the moisture content of the protected and un
protected plants does not much differ. According to the stage of boll growth, 
however, conspicuous differences are noticed in the two sets. The protected 
plants always indicate a higher content of moisture during boll growth. The differ
ences in moisture between the two sets are most striking in 1929 and less so in the 
remaining two years. 

From these observations it appears to be certain that during the development 
of bolls, the protected plants are not in the same condition of growth as those un
protected. The former are less advanced in age and are more vigorous and energetic. 

(e) ASH IN THE PROTECTED AND UNPROTECTED PLANTS. 

The gradation of ash percentage in different organs of the protected plants 
(Table Nos. 160 to 162 in the Appendix), and its variation during. the !'!lason are 
almost identical with those in the unprotected .. Similarly, the effects of seasonal 
variation observed on the ash content of the unprotected plants ·are also found 
in the protected. Thus drier seasons are associated with a lower ash percentage, 
indicating a greater rate of photosynthesis than that of absorption of ·inorganic 
matter. 

Periodical intake of mineral matter by the protected plants is shown in Table 
Nos. 163 to 165 in the Appendix. This naturally varies in the two sets according 
to the production of dry matter, ash percentage remaining the same in the two 
cases. The mean of three years (Table No. 121) indicates that the total quantity 
of inorganic material taken up, during the season, amounts to about 20' 50 grammes 
per plant in the two sets. 

TABLE No. 121. 

Ash. content in grammes oj the protected and unprotected plants at harvest. 

1929-30 

1930-31 

1931-32 

Year. 

", 

Protected plants. 

24·04 

15·38 

21·96 

20·46 

Unprotected plants. 

18·79 

21·80 

21·08 

20·56 
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"C.fl PHOSPHORIC ACID, LIMB' AND' POTASH. 

The determinations of lime, potash and phosphoric acid carried out at difierent 
stages of growth of the protected plants (Table Nos. 166 and 167 in the Appendix) 
lead in fact to the same observations made when dealing with the unprotected plante. 
Hence, their consideration here may be omitted. Mention may, however, be made 
of the distribution of these ingredients in difierent parts of the boll. (Table Nos. 122 
to 124.) The data in the following tables represent the average of eighty bolla. 

TABLB No. 122. 
Percentage mineral comp08ition oj mature bolls on dry maUer. 

Ash. I Phosphoric acid. \ Potash. Lime. Other inorganie 
matter. 

lHI367 I . 0'8739 2·8262 1·3867 0·8426 

TABLE No. 123. 
Percentage mineral compo8ition oj the different parts oj mature bolls. 

Burs .. 
Lint .. 
Seed .. 

Burs. 

0·8275 

Ash. Phosphorie Potash. I Lime. acid. 

... .. .. .. 9·88 0'4338 5·1756 1·8000 

. . .. .. .. 3·38 0·3190 0·6200 1·9000 

.. . . .. .. 4·90 1·4990 2·6340 0'8000 

TABLE No. 124. 
Dry maUer in grammes oj different parts oj the mature boU. 

Lint. Seed. 

0·7700 1·2509 

Total weight of boll. 

2·8484 

Number of seeds per 
mature boll. 

21·8250 

From the tables given above, it will be evident that potash is the major con· 
stituent of the boll and most of this is present in the burs. Lime comes next. 
Nearly twenty per cent. of the total quantity is found in the seeds while the remain· 
ing eighty per cant. is almost equally divided between the burs and the lint. The 
seeds are particularly rich in phosphoric acid. 

(g) NITROGEN. 

The study of the behaviour of percentage nitrogen in difierent organs of 
the protected plants (Table Nos. 168 to 170 in the Appendix), elicite almost the 
same informatioIi as has been obtained under the unprotected ahd therefore a 
repetition of 'the same is here avoided. Percentage nitrogen in leaves and llower. 
buds and bolls wijI, however, be considered as their study throws light on certain 
points which have remained hitherto untouched. 
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It has been stated under unprotected plants that the percentage nitrogen 
falls with increase in dry matter in all organs. This observation, however meets 
with an apparent contradiction in the figures of percentage nitrogen in le~ves of 
protected plants (Table No. 125). In 1929, the percentage nitrogen in leaves of 
the protected plants gradually declined with increase in dry matter till the middle 
of December. In 1930 on the other hand, it was constant till the first week of 
November and then decreased throughout the Beason. The same fact was again 
observed in 1931. In this case, however, the period of constancy extended to the 
middle of December and then the decline proceeded at a rate exceeding that either 

TABLE No. 125. 
Percentage nitrogen in leaves on the protected plants. 

1929-30. 1930-31. 1931-32. 

Dates. 
Dry Ipercentage Dry I Percentage Dry I Percentage 

matter. nitrogen. matter. nitrogen. matter. nitrogen. 

Gms. Gms. Gms. 

8th October .. .. . . 15·67 3'47 8·10 3·39 .. .. 
22nd Oct.ober .. .. . . 26'40 3·47 15·80 3'51 1l·20 3'02 

5t,h November •• .. .. 3H)0 2·82 13·60 3·43 18·75 2·87 

19th November .. .. 37'50 2·75 28·70 3·23 32·00 3·25 

3rd Deoembt>r .• .. " "·33 2·28 29·67 2·99 46'00 3'01 

16th December .. .. 45·70 2·13 32·20 2·46 51·50 3·19 

3 1st December .. .. 35·87 2·05 27'20 2'46 48'50 2·73 

14th January .. .. .. 26·94 1·89 22'40 2·26 40·75 2·49 

28th January . . .. .. 17·60 1·90 21·75 2·02 41·50 2'2::; 

11th February .. .. . . 12·67 1·92 14'50 1·95 27'00 1·82 

in 1929 or in 1930 till the time of crop maturity. This steadiness in percentage 
nitrogen when the dry matter rapidly increased, is indeed embarrassing and needs 
explanation. 

The percentage did fall with increase in dry matter but the fall was masked 
during these years owing to greater production of dry matter of young leaves as a 
result of the prolonged rainfall in 1930 and 1931. This interpretation of the 
steadiness in percentage nitrogen in leaves is borne out by the study of individual 
leaves incepted towards the beginning of September, October and November in 
1931. (Table Nos. 171 to 174 in the Appendix.) The data for these leaves show that 
the percentage nitrogen declined with rise in dry ma.tter growth and further the lea.ves 
incepted on the first of October and November remained on the plant till the middle 
of December. As the leaves appea.ring on the plant in November had a short 
career of about a month compared with those incepted in October, leaf-fall 
commenced by the middle of December as usual. On this account, the fall in per
centage of older leaves in SeJ?tember was counter-balanced by the higher percentage 

22 
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of tholie in October and the fall, if at all it existed, in the percentage of the aggregate 
leaves of September and October was counter-balanced by &. greater production 
of dry matter of younger leaves incepted after this period and indicating " higher 
percentage. Hence, the constancy in percentage nitrogen up to the middle of 
December in 1931 and up to the first week of November in 1930. 

Percentage nitrogen calculated on the basis of the total dry matter (shed plU8 
non-Shed) ?f leaves began to fall!n 1931 from .the middle of December, the dry mat
ter remammg the same (Table No. 126). ThiS suggests that the nitrogen in leaves 

TABLE No. 126. 

Percentage nitrogen expres8ed on -the total lea! produ.ction (8heel" plus non-shed) in the 
protected plants. 

1929-30. 1930-31. 1931-32. 

Dates. 
Dry I Percentage Dry I Percentage Dry I Perl'etltage 

_____ ma~ter. nitrogen. matter. nitrogen. matter. nitrogen • . 
Gms. Gms. Gm •. 

22nd October .. .. .. 30'81 3·02 18,'0 3·30 11·70 2·97 

5th November •• .. .. 37·29 2·71 22·25 3·26 21·08 2·72 

19th November •• .. .. U·S7 2'64 34'50 3·03 36·33 3'06 

3rd December .. " .. 53'113 2·19 38·00 2·78 52·80 2·82 

17th December •. " .. 58·70 2·0' 39·20 2·36 60'50 2·94 

31st December .. .. .. 53·20 1·91 43·20 2'26 57'50 2'55 

14th January .. .. . . 57·" 1·65 ";'0 1·98 53·75 2·23 

28th January .. .. .. M·66 1·'9 '9·25 1·79 57·25 1'96 

11th February .. " .. 56'67 1·49 38·00 1·70 5'·78 1'50 

25th February .. .. .. .. .. 37·75 -1'59- 60·00 1'55 

was removed somewhere else. The same fact was again manifested in 1929. 
Here, the percentage declined from the end of December even though the dry matter 
stood at a uniform level from the middle of December. In the year 1930, aa the 
tot8.l dry matter continued to increase practically till the end of the season in con
sequence perhaps of the disturbed growth occasioned" by a long spell of clouds ter
minating in ra~ on the 28th October and as the percentage continued to deacend 
till the crop was ready for harvest, the transfer of leaf nitrogen appears rather 
difficult to be established, although it did occur in.this case also. 

These indirect observations with regard to economic transfer of nitrogen from 
leaves to the parent plant are substantiated by the results of studies carried out on the 
nitrogen content of individual leaves from their inception to shedding. (Table No. 
127 and Table Nos. 171 to 174. in the Appendix.) These determinations conclusive
ly prove that translocation of nitrogenous substances occurs when the leaf yellows 
and during this process, more than fifty per cent. of the total quantity of leaf nitro
gen is tr~nsferred. -As the average production of dry matter of leaves amounts 
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to about fifty grammes both in the protected and unprotected plants, it is estimated 
that over 0.65 grammes of nitrogen is returned. to the plant, the percentage ni
trogen in shed leaves at the end of the season being I' 3 as the mean of three years. 

With regard to shed leaves, it is necessary to mention that they were not sepa
rately collected according totiJtte interval as such. All of them as they came down 
were picked up and placed in one bag tied to each plant for the purpose. No data 
are, therefore, available to show whether or not the shed leaves collected during 
one period differed from another in percentage nitrogen. Nevertheless, the trend 
of figures obtained on the aggregate samples indicates that even on ash-free basis 

TABLE No. 127. 

Periodical nitrogen content in grammes of individual leaves. 

1930--31. 1931-32. 

Leaves incepted on 3rd October. Leaves incepted on 1st September. 

Age in 

I 
Dry matter per 

I 
Total nitrogen Age in 

I 
Dry matter per I Total nitrogen 

days. leaf. per leaf. da~. leaf. per leRi. 

Gms. Gms. Gms. Gms. 
8 .. 0·1400 0'0054 6 .. 0·1392 0·0057 

12 .. 0·2468 0·0087 12 .. 0·2383 0'0077 
16 .. 0·2481 0'0102 17 .. 0·2802 0·0091 
20 .. 0·3087 0·0107 22 .. 0·2758 0'0096 
24 .. 0·3111 0·0103 28 .. 0'4192 0·0126 
28 .. 0·3183 0·0103 33 .. 0·4333 0·0121 
32 .. 0·3205 0·0098 38 .. 0·4958 0·0133 
36 .. 0·3495 0·0104 45 .. 0'4417 0·0112 
43 .. 0·3523 0·0099 52 .. 0'4438 0·0104* 
50 .. 0·3650 0·0101 54 .. 0·4483 0·0077 
57 .. 0·3846 0·0100 56 .. 0'4082 0·0067t 
78 .. 0·4745 0'0108 60 .. 0·4421 0·0068 
85 .. 0·3792 0·0068· 64 .. 0'4421 0·0057 .. .. 0·3976 0·0066 
100 .. 0·3776 0'0041t 
107 .. 0·3876 0·0050 

1931-32. 1931-32. 
Leaves incepted on 2nd October. Leaves incepted on 3rd November. 

Gms. Gms. Gms. Gms. 
6 .. 0·1367 0'0053 8 .. 0·1556 0·0058 

13 .. 0·3614 0'0123 13 .. 0·1839 0·0061 
18 .. 0·3525 0·0094 20 .. 0·2377 0·0076 
22 .. 0·4373 0·0113 25 .. 0·2071 0'0069 
27 .. 0·42H 0·0106 32 .. 0·2116 0·0066 
32 .. 0·4167 0·0109 39 .. 0·2]33 0·0067 
40 .. 0·4778 0·0120 46 .. 0'2160 0·0039· 
47 .. 0·4450 0·0109 53 .. 0·2143 0'0041 
50 .. 0·3911 0'0093 60 .. 0·2200 0·0039 
57 .. 0·4726 0·0109 75 .. 0'2199 0·0036t 
64 .. 0'5009 0·0113 
78 .. 0·4708 0'0088* 
84 .. 0·4801 0'0053t 
89 .. 0'4778 0·0059 

• Commencement of yellowing of leaf. t Completely detached. from the ~t. 
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(Table No. 128) reduction in percentage Ditrogen occurs to an increasing extent 
with advance in the season. This point has been already referred to under the un. 
protected plants but is here repeated by way of emphasis. 

TABLE No. 128. 

Percentage nitrogen in 8hed leaVeB 01 the protected :plant. em dry matte, Iru 01 a,h. 

1929-30. 

I 
1930-31. 1931-32. 

Dates. 
Percentage Percentage Percentage 

nitrogen. nitrogen. nitrogen. 

7th October .. .. .. . . 2·98 ',08 .. 
22nd October .. .. .. . . 2·88 2·60 2'31 

5th November •• .. .. .. 2·34 2·64 2'08 

19th November •• .. .. . . 2·58 2·84 2'03 

3rd December •. .. .. .. 2·28 2·58 1·96 

17th December " .. .. .. 2· 19 2·38 2'05 

31st December .. .. .. ., 2·04 2·f7 1·98 

14th January " .. .. .. 1·83 2·29 1'82 

28th Jl\Iluary " .. .. .. 1·62 2·4G HI3 

11th February .. .. .. .. 1·74 1·99 1'53 

25th Febnlary .. .. .. .. .. 1·87 1'41 

The decline in percentage nitrogen in leaves on the plant is caused, for a. 
considerable part of the season, by a. higher rate of increase of non-nitrogenoul 
matter. Later in the season when dry matter growth of leaves ceasel, the decline 
is due to aotual transfer of nitrogen to places of active growth. The continued 
fall in peroentage nitrogen of shed leaves as expressed on dry matter free of 
ash is rather unexpeoted. Shed leaves represent the last and definite stage 
and should therefore indicate constancy in peroentage, at least on ash-free basis. 
It is probable that the progressive deoadenoe in nitrogen of shed leaves is associat. 
ed with nutritional oonditions in the plant. 

Peroentage nitrogen in flower-buds may now be studied. It hal been pointed 
out in the previ~us ohapters thatshedding of flower-buds occurs when they are young. 
Onoe they begin to grow they continue to do so until the flower stage is reached. 
The last samples drawn for analysis, therefore, consisted of flower-buds which were 
distinctly older than those shed. . This was alao supported by direct observations. 
As young flower-buds are rioher in nitrogen than the old ones, it is within reason 
to expeot that shed flower-buds should indicate .. higher nitrogen 'content than 
the old growing forms drawn in the last samples in the season (of flower-buds). 
Contrary to'these expeotations, however, it is found that the percentage nitrogen 
in shed young flower-buds is lower than that in the older growing forma. Even 
more surprising is the important fact that it is less than the percentage nitrogen in 
flowers. ('.fable No. 129.) 
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TABLE No. 129. 

Percentage nitrogen in shed flower·buds and flowers in tke protected plants. 

1929-30. 1930-31. 1931-32. 
Dates. 

FI I Shed I I Shed I Shed 
owers. flower-buds Fowers. flower-buds Flowers. flower-

buds. 

21st October .. .. 2·93 2·69 2·91 2'50 .. .. 
4th November •• .. .. 3·09 2·59 3·02 2·76 .. .. 

18th November •• .. .. 2·71 2·46 Nil. 2·93 .. .. 
2nd December •• .. .. 2·66 2·45 2·81 2·25 .. .. 

16th December •• .. .. . . 2·33 2·71 2·20 2·24 2·82 
30th December •• .. .. . . 2·33 2·92 2·26 2·87 2'50 
13th January .. .. .. .. .. .. 2·47 .. .. 

This reduction in percentage nitrogen of shed flower-buds may be explained 
by supposing that either these forms received during their life, less nitrogen than 
those that continued to develop under otherwise identical conditions of growth 
or they received it at the same rate and to the same extent and had perfectly normal 
growth; but, during the interval between the reception of the shedding stimulus 
and the formation of abscission layer, all the available nitrogen was sucked back 
by the plant. The former alternative does not appear to be possible. It is probable 
that withdrawal of nitrogen from flower-buds occurs during the formation of 
abscission layer. 

More definite results were obtained in connection with the comparative study 
of Ilercentage nitrogen in shed and growing bolls on the basis of age. Such study 
has already been recorded under the unprotected plants but the basis chosen for 
comparison was the size of the shed and growing forms. The data on this study 
are presented in Table No. 130. These data are important and interesting as they 

TABLE No. 130. 
Percentage nitrogen in shed and growing bol18 oj tke same age in tke protected plants. 

(Corollas are excluded_) 
1931-32. 

Weight in grammes per boll Percentage nitrogen. 
Average of 

on oven-dry matter. 
Age in days. bolls. I Growing bolls. I Growing bolls. Shed boUs_ Shed bolIs. 

5 .. .. 6 0·0758 I 0·1167 1·9137 2·5318 
6 .. .. 32 0·0795 0·1534 1·9428 2·7359 
7 .. .. 44 0·1056 0·1586 1·6553 2·5422 
8 .. -. 26 0·0861 0·1881 1·7337 2·5468 
9 -- .. 17 0-1310 0·2176 1·6077 2·4039 

10 .. .. 15 0·1415 0·2640 1·5939 2·4177 
11 .. .. 6 0·1733 0- 3017 1·5339 2·4223 
12 .. .. 5 0·2660 0·4390 1·6492 2·4607 

Average •• .. .. .. 1·7038 2·5077 
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throw light on the time required 'for the formation of abscission layer and on the 
nature of events which immediately precede the shedding of reproductive fOrDlll. 
With regard to the first, the dry matter figures suggest that the shed bolls, in all 
cases, were younger than what their ages indicated and that they lingered on the 
plant after the arrest of their growth till the abscission layer was formed. The 
interval between the cessation of boll growth and shedding extended over two 
to . four days, taking dry matter as the basis of determining the age. To make 
this point more clear, an instance as to bow this period is arrived at, may be cited. 
The dry matter of shed bolls supposed to have grown for twelve days from the 
time of anthesis was 0.2660 grammes. This weight was made up by the growing 
bolls in ten days. It is, therefore, inferred that the bolls which shed on the twelfth 
day must have grown normally for a period of ten days when they received the 
stimulus to shedding or got arrested in their growth, the event of actual dropping 
taking place two days later. This interval between the reception of shedding 
stimulus and shedding is the time required for the formation of abscission layer. 

The second and the most important point which the table reveals is the fact 
that percentage nitrogen in shed bolls is always less, whether considered on the 
basis of age or dry matter, than that in the growing fruits (1·9% to 1·6% liB. 2·7% 
to 2·4%). As this percentage is less than that in Howers and growing bolls of the 
same age (Table Nos. 168 to 170 in the Appendix" it is safe to assume that transfer 
of a part of nitrogen from bolls occurs to the parent plant. Thus the plant with
draws, prior to shedding, nitrogenous substances not only from the leaves but also 
from Hower·buds and young fruits. 

Howlett (1923) worked on the nitrogen and carbohydrate composition of the 
developing Howers and young fruits of the apple and found, among other things, 
that the nitrogen content of the fruit about to drop, declined from more than four 
to three per cent. He, however, makes no mention as to whether or not there was 
any translocation of nitrogenous matter from the fruit. 

Pfeffer (2nd Edi.) has well said that in Phanerogams, nitrogen once assimilate 
ed is husbanded with the greatest care so that almost the whole of it is preserved, 
however active the metabolism. This is rendered possible by the fact that the 
nitrogenous metabolic products, like those containing sulphur and phosphorus, 
are such as can be drawn again into metabolism and are not aplastic ones intended 
to remain as permanent constituents of the plant. It may be noted that when 
Pfeffer made these observations, he was not aware of the translocation of nitrogenous 
material from the reproductive forms to the parent plant. In spite of these 
economic adaptations to changing conditions of environment, a certain quantity 
of' nitrogen is always lost in shed fOrDlll. According to Pfeffer this quantity of 
nitrogen is structur~ and therefore cannot be mobilised and consumed. 

The destiny of nitrogen withdrawn from Hower-buds, bolls and ·leaves may 
now be considered. The determinations of total nitrogen absorbed by the plant 
from time to time and its distribution in different parts are given in the Table Nos. 
175 to 177 in the Appendix and reproduced in Graph No. 50. Omitting from 
consideration the plants of 1930 as they were vitiated owing to a heavy damage 
to reproductive' forms referred to before, it will be evident from the graphs 
for the remaining years that the absorption of nitrogen from the soil almost cea8('8 
by about the middle of December. At this time, the vegetative growth of the 

. 'Plant cornell to an end a.nd further increase in dry matter does not occur. The only 
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organ which continues its growth after this time is the boll which increases in 
nitrogen at a higher rate than that at which the absorption of nitrogen from the soil 
proceeds. As in no other organ of the plant except the bolls and the leaves any 

GRAPH No. 50. 

Distribution of total nitrogen in grammes in different parts of the protected plants. 
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change in the nitrogen is obseJ;'ved and as the nitrogen in the former inCl'9&86S while 
that in the latter steadily decreases, it is obvious that the bolla feed upon the loaf 
nitrogen in addition to that absorbed from the soil. 

Thus, the bolla get nitrogen for their development from two sources, namely, 
the soil and other organs which shed during the> bolling season. The quantity of 
nitrogen available from these sources is, however, not the same but varies consi
derably depending upon the time of boll arrival in relation to the commencement 
of leaf-fall. If they appear earlier as in 1929 before the start of leaf-fa.Il, they get 
a large part of the nitrogen required from the soil; if they appear later aB in 1931, 
relatively a large quantity of this element is obtained from the leaves. The 
advent of bolla before the start of. leaf-fall is, therefore, of great advantag&-& fact 
which has already been mentioned under the study of dry matter. What happens 
in the present case is that the bolla obtain nitrogen directly from the soil in addition 
to that from the shedding leaves with the result that on the whole a large quantity 
of nitrogen becomes available and the plant is able to put up a larger yield. If 
the early arrival is not possible owing to unfavourable conditions of environment, 
boll growth depends entirely upon the fixed quantity of nitrogen released by the 
leaves. The extent of the availability of leaf nitrogen is roughly estimated at O' 65 
grammes (page 17~) and is equivalent to not less than sixteen bolla. 

The foregoingj graph does not, however, indicate the translocation of nitrogen 
from young floweJi-buds and fruits. 'this is because the quantity available from 
these sources, is very small. It amounts to about 0.160 grammes aBsuming that 
0.8 as the difference between the average percentage nitrogen of shed and growing 
bolls (page 173) 'and twenty grammes as the total mean loss in dry matter of 
shed flower-buds and fruits. In terms of yield, the total recovery of nitrogen works 
up to four bolla per plant. 

The total quantity of nitrogen present in different organs of the plant at 
harvest is given in. Table No. 131. The plant absorbs as much as 2.3314 grammel 

TABLE No. 131. 

Total nitrogen in ~ramme8 in diJJerent organs 0/ the protected plants al h!lrvu'. 

Shed fiower 
Years. Roots. Stem and Leaves. Bolls. Shed bods .t Total. 

branohes. leaves. bolIs. 

1929 .. .. .. 0·0863 0·2061 0·3337· ]·6240 0'&839 0·4249 3·1589 

1930 .. .. .. 0·1026 0·1038 0·2116 0-6680 0·3910 0·1956 1-6726 

1931 .. .. .. 0·0937 0·1972 0·4909 0·6672 0·3309 0·3827 2·1626 

Mean .. -. 0·0942 0·1690 0·3454 0·9864 0·4019 0·3344 2·33U 

Percentage distribution 4·04 7·24 I ]4·81 42·31 17·23 14·34 99·97 

• 



of nitrogen as the mean of- three years-.. Out ·of· this quantity fifty-six per cent. 
is found in the reproductive forms, the mature bolls containing about forty-two 
per cent. Further, as the mean figures show, nearly thirty-two per cent. of the 
total quantity taken up by the plant is-lost in'the shed forms including the leaves 
while about eleven per cent. is ~etained by roots, stem and Qranches. 

The proportion of nitrogen to other inorganic substances absorbed by the plant 
a.t difierent times in the Beason is shown below (Graph No. 51 and Table No. 200 in 

GRAPH No.5!. 

Ratio oj total ash to total nitrogen at different stages oj plant growth. 

(Protected plants). 

P'lotected -Plants. 
--- 19i:!9-mO. 
- - - - - 1930-\931, 

Q ~ "1931-1S32. 

the Appendix) as the ratio of total ash to total nitrogen. The interpretations of 
these ratios are similar to those offered under the unprotected plants and hence 
are omitted here. 

(h) NITROGEN IN THE PROTECTED AND UNPROTECTED PLANTS. 

The most characteristic feature which distinguishes the protected plants from 
those unprotected is with regard to the general condition of the plant as such at the 
commencement of boll growth. The protected plants are younger and more effi
cient to take up the new responsibilities of reproductive growth as will be evident 

23 
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from the figures of percentage 'nitrogen in leaves ot the two sets (Table No. 132), 
which is always higher in the protected. The difference in the nitrogen content 

TABLE No. 132. 

Percentage nitrogen in leaves at the commencement 0/ boll groWth in the protected and 
. . 'Unprotected.. 

'" 

Years. - 1929-30. 1930-31. 1931-32. 

protect~d.1 Unproiccted. Protected. I Unp'ro~cted. Protected. I Unprotected. 

Per cent nitrogen 2·75 I 2-02 2·!6 I' 2·22 3·19 I 2,'6 

of leaves in the two sets was more conspicuous in the year!! 1929 and 1931 than that 
in 1930. It. has always been mentioned that in 1930 the protected plants suffered 
a beavy loss of flower-buds and fruits during the storm on the ;28th October. On 
this account, the period of boiling was shifted towards mid-December which almost 
coincided with that of the unprotected plants. Hence the tlifJerence between 
the nitrogen:content of leaves in the two sets was less pronounced. this year. 

; 

(i) ET~ER-EXTRACT, FIBRE AND TOTAL HYDROLYSABLE CA*BOHYDRATES. 

The nature and the extent of changes in ether-extract, fibre and total hydro
lysable llarbohydrates (Table Nos. 178 to 195 in the Appendix) of the protected 
plants are almost of the same order as those noted in the unprotected. The 
difference between the two sets, however, liesin the fact that in the former, con
version of hydrolysable carbohydrates of roots into fibre and ot boll into fibre and 
ether-sQluble: material occurs earlier as & result of the earliness of the crop. 

(j) RATI~ OJ!' TOTAL HYDROLYSABLJi: CARBOHYDRATE~ TO TchAL'. ~ITROGEN. 
With regard to the ratio of total hydrolysable carbohydrates to total nitrogen 

in the protected plants (Table Nos. 196 to 198 in the Appendix), it may be stated 
that the rainy season has a depressing effect upon this ratio. As the conditioD.8 
for photosynthesis improve, it rises steadily with advance in the season as OCCUl'l 
in the unprotected plants, the reproductive phase being initiated at higher 
values. 

The change from the vegetative to the reproductive phase of growth and later 
the success of fruiting forInB are essentially governed by the soluble and therefore 
~ctive substances in the plant. Kraus and KraybilL and other investigators 
on this subject, seem to have omitted this fact out of account. Their ratios of 
total hydrolysable carbohydrates to total nitrogen and those here presented, re
present practically the relative proportions of innert substances belonging to the 
two groups and fail therefore to give a correct idea of the state of affairs 
within. 

To understand more fully how one phase is superceded by another and the 
nature of shedding, an analysis of the soluble forms of carbohydrates and nitrogen 
.in the leaf-sap of cotton waS undertaken in the year 1931.-- The ..results obtained 
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(Table No. 133) indicated that the ratio rOll6suddenly from 0.12 to 6.31 within & 

few days after cessation of the monsoon and remained steady thereafter till the 
commencement of the hoIling period during which a slight rise in the ratio was noted. 

Dates. 

1st September .. 
8th September .. 

16th September " 

22nd September .. 
28th September •• 1 

6th October .. 
19th Oetobar .. 
26th October .. 
2nd November .. 
9th November .. 

16th November .. 
23rd November .. 
30th NO"ember .. 
7th December " 

14th December " 

21st December .. 
28th December .. 
4thJanwuy .. 

12th January .. 
18th January .. 
25th January .. 
1st February .. 
8th February .. 

TABLE No. 133. 
A 8tudy 0/ the leal-sap 0/ the cotton plant. 

(Protected). 
1931-32. 

Total solids in Ash in 100 C.es. Organic matter 
Density. 100 c. es. at 30· C in in 100 c.es. at 

at 30· 0 in 30· 0 in 
grammes. grammes. grammes. 

1·0290 5·624 2·172 3·452 

1·0328 6·632 2·652 3·980 

1,0354 7,070 2·746 4·324 

1·0339 6'424 2,484 3·94.0 

1·0378 7·330 2·890 4·440 

1·0332 6·360 " .. 
1·0359 7·048 .. .. 
1,0396 7·850 2·844 5·006 

1·0428 .. . . .. 
1·0429 6·970 3·300 3·670 

1·0436 8·160 3·330 4·830 

1·0470 8·870 3·480 5·390 

1·0482 8·930 3·640 5·290 

1·0523 9,482 3·370 6·Il2 

1·0334 8,950 3·530 5·420 

1·0521 9·371 3·915 5·456 

1·0555 9·890 4·120 5·770 

1·0570 10·580 4·208 6·372 

1·0639 11'590 5,000 6·590 

1·0653 .. .. .. 
1,0666 .. 12·417 5·185. 7·232 

1·0712 13,460 5·420 8,040 

1·0720 14,440 5·570 8·870 

Nitrogen per· 
centage on total 

solids. 

1,5238 

1,6827 

1,6365 

1·8727 

1,5934 

1·9308 

1·7267 

1,5720 

.. 
1,6886 

1,4497 

1·3844 

1·4401 

1·3341 

1,4089 

1,2634 

1·1961 

0·8157 

0·9430 

" 

1·0356 

0·9264 

0·9356 
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TABLE No. 133-(contd.) 

A 8tudy 0/ the lea/.8Q,p 0/ the cotton plant. 

(Protected). 

1931·32. 

Dates. 
perce ta..... Per cent RatiO 0 Density of Stage of ~
Nitrogen II I. f 

n q- sugars on Bugars to total80lida. plant Remarka. 
~;~~~lC total BOlids'l nitrogen. growth. 

1st September •. 

8th September •. 
16th Septembec 
22nd September. 

28th September. 
6th October •. 

19th October 

26th October •. 
2nd November .. 

2·5826 

2·8042 
2·6758 
3·0533 

2· 6071 

2·4650 

9th November.. 3·2071 
16th November.. 2·4493 

23rd November.. 2·2783 
30th November.. 2'4310 

7th December " 2·0697 
14th December.. 2·3266 

21st December • .1..1701 
28th December " 2·0503 

4th January 
12th January 

18th January •• 
25th January 

1st February 
8th February 

1·3371 
1,6568 

.. 
1·7782 

1·5510 
1'5231 

0'0711 

0'0965 
0·1669 
0·1759 

0·2087 
0·2296 

10·9009 

9·7007 

9·8436 
8·7843 

8·4331 
8·2041 

7·7262 
5·7541 

7·2094' 
7·6744 

7·0879 
6·0078 

7'8304 

7·0854 
5·3719 

0·046 

0'057 
0·102 
0·094 

0·131 
0·119 

6·313 

6·170 

5·828 
6·057 

6·092 
5·697 

5·790 
4·085 

5·707 
6·415 

8·690 
6·371 

7·560 

7·647 
5·742 

2·06 

1·98 
2·00 
2·11 

2·07 
2·08 

2·04 

2·02 

2·60 
2·15 

2·01 
2·17 

2·21 
1·59 

2·25 
2·28 

1·80 
.. 2·23 

2·14 

2·12 
1·99 

Previous week 
raiDing, cloudy 
weather during 
raina. 

Bright .unshine. 
Do. 

Rain. cloudy 
_ther during 
previoUi , day •• 

Cloudy weather. 
Do. and rain 

on the previoUi 
day. 

Commence· Bright lunsbine, 
ment heavy rains in 

. of bud the previOUI 
euOC6lB. week.t; mOle 

of moneoon. 

Bright lunshine. 
Cloudy weather. 

Cloudy weather 
on previoul , 
days; eamplea 
after a houn 
1Un8bine. 
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. Analogous results were obtained during. the. previous year but they are not 
gIven here ~s th~ method adollted for ~he estimatlOn of sugars in minute quantities 
was not qw~ swtab!e .. Thus, the rat~o of the reacti,:"e substanccs helonging to the 
two groups IS more sIgnificant and decIdedly a better mdex of recording the internal 
activity of the plant. 

The study of the soluble constituents of the leaf· sap has proved to be of no small 
benefit in that it has thrown light on the condition of the sap during period of boIl
ing. The per~entage nitrogen of the sap either exp~essed.on total solids or organic 
matter apprecIably falls from 2.05 to 1.55 (orgaruc baSIS) and remains constant 
throughout till the crop matures. A progressive fall in the percentage is averted 
owing probably to the dissociation of nitrogenous substances in the leaf. 

Among other things which the study reveals, mention may incidentally be made 
of . the steady rise in density of the sap due to increase of both the organic and the 
inorganic matter, apparent density* of the total solids remaining almost the same 
at about two at all stages of the plant. 

(k) SHEDDING OF FLOWER-BUDS AND BOLLS. 

The chemical study of the cotton plant carried out under three sets of con
ditions-the protected, unprotected and the manured unprotected--:-indicates in 
the main that shedding of flower-buds and young bolls in cotton is closely associated 
with nutritional factors amongst which nitrogen appears to be immediately con
cerned in limiting the success of fruiting forms. With the initiation of the 
reproductive phase, the need for nitrogen is increasingly felt by the plant. A 
struggle for the daily supply of available nitrogen ensues be~ween the flower-buds 
on the one hand and all the vegetative organs on the other. The struggle becomes 
more intense with the advent of bolls in which the vegetative organs ultimately 
fail. After the cessation of the vegetative growth, the bolls and the other repro
ductive organs compete among themselves. 

While this is the state of affairs, the plant reaches one of the most critical pe
riods in its history. Fresh quantities of nitrogen which it was absorbing from the 
soil up to this time, now steadily dwindle owing to the commencement of leaf-fall 
while the demand for nitrogen on the part of bolls rapidly increases with advance 
in the season. To tide over this critical period, the plant practises the utmost 
economy of which it is capable and withdraws nitrogen, in preference to carbo
hydrates, from leaves during the process of yellowing and also from such organs as 
the flower-buds and bolls which it is not able to retain. 

These observations receive support in the results of field experiments where 
plants were manured with nitrogen during the bolling phase and incr~sed 
retention of· bolls on the basis of total flower-buds produced, was ohtamed 
(page 204). 

* (100 c.c. sap x density)-weight of total solids==X, the water in 100 C.c. of the sap~ 
100 c.c. sap-X=the volume increase. 
Total solids ....1. 
Y 1 . . Apparent density of soli ..... o • mCrel¥ltl . ... .. 
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SUMMARY. 

. This chapter reports a chemical study of the cotton plant under three seta 
of conditions, namely, the unprotected, manured unprotected and the protected. 
The study was undertaken with the object of ascertaining the causes of bud and boll 
shedding and of finding out the factors which promote a better success of flower. 
buds into mature bolls in the protected plants. 

UNPROTECTED PLANTS. 

The unprotected plant produces about 200 grammes of dry matter out of 
which forty per cent. is in the reproductive forms. Owing to rapid commencement 
of boll growth, the dry matter growth of the vegetative parts ceases. It is 
suggested that all the available plant-food is monopolized by the bolls_ 

Among the inorganic substances of agricultural importance, potash occupies 
the foremost place. Nearly fifty per cent. of it is present in bolls. The quantity 
of lime taken up is almost as great as that of potash. Both lime and potash accu
mulate mostly in the leaves. The quantity of phosphoric acid is comparatively 
small and half of it is found in the bolls. 

The plant absorbs about two grammes c£. nitrogen during the season. More 
than fifty per cent. of this quantity is utilized for reproductive purposes, mature 
bolls and shed reproductive forms containing forty-three and twelve per cent. 
respectively. Most of the total nitrogen in the plant is in an insoluble albuminoid 
form. Its percentage decreases with increase in dry matter; the percentage of the 
soluble nitrogen remains fairly constant at all stages of growth. Among the solublo 
forms, amid-nitrogen predominates. 

On the basis of size, shed buds and bolls are poorer in nitrogen than those grow
ing on the plant. During bolling, translocation of leaf-nitrogen occurs. The bolls 
feed upon the nitrogen absorbed by the plant as well as on tha.t withdrawn from 
leaves. 

The plant exercises selective absorption. It takes up more inorganic matter 
than nitrogen during early and late stages of growth. During the intervening 
stage, both inorganic matter and nitrogen are absorbed almost in the same propor
tion. On the whole, the proportion of nitrogen to inorganic matter (nitrogen/in
organic matter) steadily falls with advance in the season, indicating less availa· 
l>ility of nitrogen with advance in the season. 

A detailed account of ether extract, fibre and total hydrolysable carbohydrates 
is pl'es~nted. When the bolls rapidly increase in dry matter, 8. part of the total 
Jtydrolysable carbohydrates are rapidly converted into fibre and other soluble 
~aterial D}.ostlyconsisting of oil. During purely vegetative phase, the proportion 
of total hydrolysable carbohydrates to total nitrogen is very low. The reproduc
tive phase is initiated when the ratio attains higher values. 

The _ cotton plant under the usual conditions of cultivation and spacing pro
duces per acre 2,132 pounds of dry matter and absorbs 219 pounds of inorganio 
matter consisting of seventy-eight pounds of potash, seventy-four pounds of lime, 
twenty-two pounds of nitrogen and eighteen pounds of phosphorio acid. 
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MANURED UNPROTECTED PLANTS. 

The plant responds to added nitrogen when it is applied along with water. 
Watering is necessary to make the manure mobile. During a period of about a 
month, nitrogen accumulates in the plant. Its effect on the increase in dry matter 
is noticed after this period. Manuring more than doubles the dry matter growth 
and the yield of the plant. 

PROTECTED PLANTS. 

Total production of ,dry matter in the protected plant amounts to about 200 
grammes. Out of this more than forty-five per cent. is utilised in the productive 
growth. The predominance of the vegetative or the reproductive growth is correlat
ed with seasonal influences. Ash, potash and phosphoric acid in the protected 
plants show almost the same behaviour as that in the unprotected. Potash appears 
to be the major constituent of the boll and most of it is found in the burs. Lime 
comes next. Nearly twenty per cent. of the total quantity in the boll is found in 
seeds while the remaining is almost equally divided between the burs and the 
lint. Seeds are particularly rich in phosphoric acid. 

The total quantity of. nitrogen absorbed by the plant is over 2' 33 grammes, 
out of which more than fifty-five per cent. is used in the reproductive channel. With 
the initiation of reproductive phase, the plant is in a state of nitrogen hunger. 
This condition becomes most critical when absorption of nitrogen from the soil 
is seriously retarded owing to the commencement of leaf-fall, while the demand 
for nitrogen by the growing bolls rapidly increases. Under these circumstances, 
the plant withdraws nitrogen in preference to carbohydrates, from leaves during 
the process of leaf-yellowing and also from such organs as flower-buds and bolls 
prior to, their shedding. The quantity of nitrogen withdrawn from flower-buds 
and bolls amounts to about 0'16 grammes and is equal to four mature bolls. More 
than fifty per cent. of the total nitrogen content of leaves-a quantity sufficient for 
.the growth of sixteen mature bolls-is returned to the plant. 

Evidence indicates that in cotton, nitrogen appears to be the factor primarily 
concer.ned in limiting the success of fruiting forms and that shedding seems to be a 
continuous re-adjustment of flower-buds and bolls to the limited food-resources 
of the plant. . 

The better retention of bolls in the protected plants as compared with that 
in the unprotected, is associated with a better chemical condition. at the time of 
boll formation. The protected plants are comparatively young and more vigorous 
during the period of boll growth. 



CHAPTER VI. 

GROWTH BEHAVIOUR OF THE COTTON PLANT UNDER MODIFIED 
CONDITIONS. 

Before .starting the chemical work on cotton, evidence resulting mainly from 
the nature of boll shedding-almost complete shedding of holls formed from 
later Howers-and from other experiments such as Hower-pruning, stem ringing, 
etc., accumulated to show that nutritional factors were involved in the Bucceu 
of fruiting forms. With a view to assessing the role of these factors on shedding and 
the final yield, growth behaviour of the cotton plant under modified conditioDB 
of environment was studied. These conditioDB pertained to the BOil, air and the 
plant itself and fell broadly under five heads, namely, (A) improvement of water 
supply in the BOil, (B) improvement of plant-food supply in the soil, (C) subjecting 
the plant to various manipulatioDB, (D) change in the aerial environment by 
delaying sowing and (E) miscellaneous. It is proposed to describe and discuss the 
experimental work carried out under each of these heads in the present chapter. 

A. IMPR0V1!lMENT OF WATER SUPPLY IN THE SOIL. 

Shortage of water in the plant has been considered by many workers both 
in America and Egypt to be the cause of bud and boll shedding. Balls (1912), 
lJoyd (1920) and King (1922) laid grea.t stress on the deficiency of water in the plant 
as an important causal factor of shedding in cotton. Lloyd (1926) was BO much 
convinced .about it that, in his paper that he read in 1926 before the International 
Conference of Horticulturists on Flower and Fruit Sterility, he declared, .. it may 
be taken as settled that a widespread cause leading directly or indirectly to abo 
scission of buds, Howers and bolls in the cotton plant is water·stress." Coit and 
Hodgston (1919) who studied the causes of .. June drop" in Washington Naval 
Oranges, also ascribed a large part of the early shedding to daily water deficit in 
the young fruits. 

Experimental work to study the effects of water applied to the BOil during 
the Howering and bolI.development periods was, therefore, undertaken from the 
year 1926-27, to see whether the huge boll-shedding in the Broach cotton plant 
was the result of deficiency of available water in the feeding zones of the BOil. This 
was done by increasing the supply by direct application of water in lower layera 
of the soil by a s~ecial device to be presently described. 

(a) Method 0/ applying water. 

As cotton is sown on small ridges made' in the off season, the position of the 
crop-rows is fixed up in advance. On both the sides of the ridge, trenches of r.,· 
quired depths at which water is proposed to be delivered are dug and galvanised 
iron tubes each of three inches in diameter and six feet in length with two vertical 
tube·attachments (Figure No.9) are laid horizontally at the bottom. These tubes 
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are ·perforated on the lower side and are covered over with a layer of brick-bat!! 
Rll round to prevent choking of their holes by the clayey portion of the soil. The 
height of the vertical attachments is so adjusted that their openings come .into a 
level of 22'.5 cms. below the surface of the soil. After closing with lids the 
openings of the vertical attachments, the trenches are filled up and the field area 
is brought to its original level. Cotton thus grown on the ridges receives all the 
.usual cultural operations without disturbing the under-laid tubes. 

At the time of watering, the soil over the vertical attachments is removed 
and additional tubes are inserted so as to bring the openings in level with the 
ground. Water is given to the plants through these openings with the aid of a large 
·funnel. . This method proved most successful and had the advantage over pot 

FIGURE No.9; 

Perforated galvanized iron tuhe used Jor under-ground irrigation. 

experiment in the fact that the expe>riment was carried out lInder ·field conditions. 

(b) Preliminary experiments. 

In 1926-27, the first year of the experiment, the irrigation tube~ w~re laid 
in at the depths of 30, 60 and 90 ems., five plants being tinder observ?'tlOn m ~h 
case. The first watering was given at the commencement of Howermg (30th Oc
tober) and two more> waterings ~ere given o.n 30th Nove~ber and 19th January. 
The quantity of water applied was three acre-mches every tlID.e. The treated rows 

2~ 
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were located sufficiently apart by about 21 feet from one another so as to avoid the 
possibility of water applied in one row affecting the plants in the other two. The 
results of these experiments are given in Table No. 202 in the Appendix. 

Three acre-inches of water at each application was found to be excessive for easy 
absorption into the soil. In the following year, therefore, the dose was reduced 
to two acre-inches and the number of waterings raised from three to five. In addi
tion to the three different levelE: at which water was delivered into the soil, the time of 
commencing the application was also varied to three different stages of plant 
growth, namely, (1) flower-bud development, i.e., few days after the close of 
monsoon, (2) flowering and (3) mid-flowering. There were thus nine trea.tments
three timings and three depths. The results are given in Table Nos. 203, 204,205 
in the Appendix. . 

From the viewpoint of the time required for complete soaking of the applied 
water, even the two-acre-inch dose was found to be too much at each watering. 
In the third year; therefore, the dose was further brought down to one-acre-inch 
and the whole series of nine treatments repeated. The results are set out in the 
Table Nos. 206, 207 and 208 in the Appendix. 

These preliminary trials conducted over a period of three years, indicated that 
although moisture supply in the feeding zones of the soil 'was improved dUring the 
reproductive phase of plant growth, the usuaI' extent of bud and boll shedding 
remained almost unaffected. Nevertheless during the first two years, beneficial 

: effects of applied water were noticeable in another direction. Application of water 
'from the close of the monsoon during the vegetative phase; .stimulated the plant 
• to produce more vegetative-buds, flower-buds, flowers and bolls. These beneficial 
I results did not, however, appear in the third year suggesting that the utilization..of 
: water was conditioned. by other factors. . 

: It was, therefore, proposed to continue the water application experiments with 
, a view to confirming the findings of the preliminary experiments and also to study 
the moisture requirements at the different phases of plant gr()wth. This was 
done .by maintaining a 'Constant increased supply of moisture tQ· various degrees 
during the periods of active plant growth and flowering and finding out the 
optimum degree of soil moisture required for the different phases. 

(c) Experiments on water requirement. 

In 1929-30, therefore, the modified experiment was commenced. Water was 
. applied at the depth of 60 ems. in the soil through under-laid tubes, in small and 
equal doses twice fL week so as to make up half, one, one-and-a-half and two acre
inches of water per month. Such frequent watering was intended to ensure a con
stant additional supply. In calculating the quantity of water at each time, plants 
in the two side rows which received the benefit of the water on one of their sides 
were taken into account and the quantity increased accordingly. In addition 
to growth counts on treated plants, fortnightly determinations of moisture 
in the soil were made in t!n"ee equal layers commencing from the depth of 
22 ~ 5 cms. to the depth of 90 ems. Each row had twenty plants, the first 
ten' bein~fused for growth counts and the other ten for drawing soil samples. Two 
check rows one between the first two sets and the other between the third and the 
fourth sets 'were maintained. The results of plant performance are given in Table 
No. 134. . 
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TABLE No. 134. 

EJledoJ bi-weekly application o/water at the depth of 60 ems. in equal rWses to make 
'Up the following quantities per fTW'TI,f,h. Irrigation commenced from mid-October and 

continued for three fTW'TI,f,hs. 

Organs produced. 

egetative-buds V 

FI ower-buds .. 

Vegetath-e-buds 

Flower-buds .. 
Flowers .. _ . 
Bolls .. .. 

.. 

.. 

.. 

.. 

.. 

.. 

Percentage suceess of :-

. Bud to flower .. 
}'lower to boll .. 
Bud to boll .. .. 

Weight (air-dry) in 
grammes of :-

Seed-cotton -. 
Dry plant body .. 

Seed-cotton .. 
Ratio .. 

Plant body .. 

Unprotected plants. 
1929-30. 

Average 0/ 10 planta in each set. 

Average performance of teD. plants in each set • 
. . . . 

I_ II. m. IV. v. 
i inch. Contrlli. 1 inch. Ii inches. Control. 

Plant-growth at commencement of the treatment. 

296·1 221·0 321-4 258·6 205-4 

191-8 128-8 200·5 147·0 99·2 

Final performance at the end of the season. 

477·6 369·7 533·1 519·8 360·7 

601·7 457·3 663·9 627·5 440·8 

99'4 76·5 114·2 lIEf· 5 81·4 

38·0 26·2 38·8 40·2 28·4 

16·5 16·7 17·2 18·5 18'4 

38·1 34·1 33·8 34·5 34·9 

6·1 5·7 5·8 6·4 6·4 

75·3 51·1 80·7 79·7 55·0 

93'4 59·9 104·1 92·1 54·5 

0·81 0·85 0·77 0·86 1'00 

VI. 

2 inches. 

280·4 

174-5 

514·7 

639·6 

113·2 

42·6 

17·7 

37·6 

6·7 

82·4 

87-6 

0·94 
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TABLl!: No. 134-(contd.) 

AnalY8iB 0/ variance/or number 0/ boUB in weatment4 1. 111, IVana VI. 

Due to 
Degrees of 
freedom. 

Isum of squarea·llIe&D squars. 

Between treatments a 121·99 

Within treatments 35 6065·8 

~otal 38 61870119 

The standard error of comparison of two treatments means =5·89 
The value of" t" (for P=O· 05 and n=35) •• =2·02 
~.~ The value for a significant difference between any two 

treatments means .. .. .. .. •• ==11'98 

'0·68 

173·303 

CONCLUSION :-The differences between any two treatments means are no' 6igmJlcanl. 

. The results of these experiments confirm the findings of the preliminary triil.Is 
that the increase in available moisture in the soil does not lower the rates of bud 
and boll-sh6dding, but, it increases the production of vegetative-buds, flower
buds, flowers and bolls. 

It is not, however, certain whether all this increased production was due to the 
added water. For some unknown reason, plants in the rows to be treated had 
grown more vigorously than those in the check row before the commencement 
of the treatment as will be seen from figures in the table. On this account, the 
final performance of th~ control and the treated plants are not strictly compa.rable. 
The effect of added ·wa.ter will have, therefore, to be judged by comparing treated 
rows among themselves. Such a comparison shows that 80 far as the production 
of vegetative-buds, flower-buds and flowers is concerned, there was no rise from 
the-half-acre-inch treatment to two-acre-inch treatment. The number of bolls 
per plant, however, showed a definite rise with increase in the quantity of water 
added. For every addition of half-acre-inch of water, the plant responded by 
producing one extra boll. The difference between the two extreme treatmente wae 
thus over four bolls per plant. This difference, however, was not statistically 
significant. 

A tentative conclusion may, however, be drawn in favour of the beneficial 
effects of water on boll production. Although plants in the control row were not 
initially as vigorous as those to be treated, they gave more or less the Bame number 
of bolls per plant, as those untreated in the remaining area of the field. The treat
ment had, thE"refore, to its credit a large part of the increase in final boll-production. 
Secondly, there was a regular trend for the number of bolls to increase with increase 
in the added water .. 

In the following year the experiment was repeated with only two treatments, 
namely, one-acre-inch and two-acre-inch application of water given after the 
manner of the previous year; Periodical growth counts and fortnightly moisture 
determinations in the three lower layers of the soil were made. The tina.1 resulta 
.of plant performaqce are given in Table No. ~35 
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TABLE No. 135. 

Effect 01 bi-weekly applicatinn. 01 water at the depth 01 60 C1I!8. in equal 
M8e8 to fTW,ke up the lollowing quantities per month. 

Irrigation commenced Irom mid-October and 
~inued lor three months •. 

Unprotected plants. 

1930-31. 

Average of ten plantain each set. 

Organs produced. I One aore-inch·1 Control. I Two Rcre-~ches. 
. " 

Plant-growth at commencement of the treat.mE'nt. 

Vegetative-buds 

Flower-buds 

214 

143 

209 

133 

Final performance at the end of the season. 

Vegetative-buds .. .. .. .. 409·8 356·7 

Flower-buds .. .. .. .. .. 472·7 361'4 

Flowers .. .. .. .. .. .. 109·9 89·1 

Bolls .. .. .. .. .. .. 36·1 32·7 

Percentage success of:-

Bud to Bower .. .. .. . . 23·2 24·7 

Flower to bon . " .. .. .. 32·8. 36·7 

Bud to bon •• .. .. .. .. 7·6 9·0 

Weight (air-dry) in grammes of:-

.. , Seed·cott-on .. .. .. 72·1 58·7 

Dry plant body 83·8 67·5 .. .. .. .. 
Seed-cotton. 

Ratio .. .. .. .. 0·86 0·83 
Plant body 

204 

138 

399·5 

405·1 

112·5 

42·3 

27·8 

37·6 

10·4 

83·4 

85·8 

0·97 



.190 

TABLE No. 135-(conttl.) 

Analysis oj tlariance Jor number oj boUs. 

Due to Degrees of Sum of Bquaree.1 Mean Iquare. freedom. 

Between treatments .. f 473·87 238·935 

Within treatments 27 3379·1 125·12 

Total 29 3852·97 

The standard error of comparison of two treatments means =5·003 
The value of "t" (for P=0·05 and n=27) =2·05 
~-; The value for Do significant differenoe between any two 

treatments means. • =10· 28 

CONCLUSION :--The differences between any two treatments are fIOI ftgnijlcanl. 

This year, growth of plants in all the rows was ahnost equal before the 
commencement of water application. The results can, therefore, be directly com
pared with the control. The applied water again. failed to reduce bud and boll shed
ding. It however proved beneficial for increasing the production of various 
organs on the plant. The number of bolls rose up as the quantity of water was 
increased, though not proportionately. The difference in the number of boIls per 
plant in the control and the two-acre-inch-treatment was nine, but it was not 
significant statistically as will be evident from the figures in the foregoing table. 
The fact that the number of bolls per plant tends to increase with increased 
quantity of water was again evident this year. 

A beginning was made this year to study the effect of water application to 
plants protected against the spotted boll-worm. As these plants feed comparatively 
shallow, the tubes were laid in at the depth of forty-five cms. Water was applied 
bi-weekly in small and equal doses to make up two-acre-inches per month and the 
results compared with plants having under-laid tubes without irrigation to 
equalise the effect, if any, of these tubes, The protected plants finish their life 
history about four weeks earlier and hence water was applied only for two months 
commencing from mid-October. The results are given in Table Nos. 209&nd 210 
in the Appendix. They bring out that the added water resulted in increasing the 
production of vegetative-buds, flowers and boIls but not of flower-buds, with the 
consequence that the rates of retention of budl1 and boIls was .improved. The 
average increase in the number of bolls per plant was ten but this was not statistically 
significant. These results were, therefore, in conformity with those ob!IerVed in the 
unprotected plants. 

Reverting to the study of the unprotected plants, it will be seen that, in the 
two years, the . increase in the number of boIls with 'application of water equal to one
acre-inch per month was very small but with two-acre-inches it was appreciable. 
The latter result, therefore, required confirmation. In 1931-32, therefore, the 
numoer of plants under water treatment was increased from ten to sixty and only 
one quantity of two-acre-inches irrigation tried. To aBCertahl whether the under
laid tubes have any beneficial effect on productivity, another row of sixty plant. 
.was~thereforei set aside with tubes laid in the soll.. A third row of sixtYI)lanta 
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served as control. The results are set out in Table No. 136. They show that 
the growth of plants in the three sets was more or less equal at the commencement 
of water application. The water treatment did not increase the production of 

TABLE No. 136. 

Average performa,ru:,e of the plant 'Under bi-weekly irrigation to make 'Up two iru:,kes of 
water per month. 

Unprotected plants. 

1931-32. 

Average of 60plantll. 

Organs produced. I Only tubes. I No tubes. \ 2 acre·inches. 

Plant growth at commencement of the treatment. 

'Vegetative buds 

Flower.buds 

140 

53 

Final plant performance at the end of season. 

--- , 

Vegetative buds .. .. .. .. 411·3 

Flower·buds -, 270'2 .. .. .. .. . . 
Flowers .. .. .. .. .. 87·9 

Bolls . . .. . . .. .. 37·9 

Per.oentage success of :-

Bud to flower .. .. .. .. 32·:; 

Flower to boll .. .. .. .. 43·2 

Bud to boll .. .. .. .. 14·0 

Weight (air.dry) in grammes of:-

Seed.cotton .. .. .. .. 75·2 

Dry plant body .. .. . . .. 44·1 

Seed-cotton 
Ratio .. .. .. .. 1·70 

Plant body 

403·8 

280·8 

85·8 

36·4 

30·6 

42·4 

13·0 

73·0 

46·5 

1·57 
I 

·158 

, 57 

433·9 

284·2 

89·1 

40·8 

31·4 

45·7 

14·4 

81·0 

51·1 

1·59 
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Anal1J~ of variance/or n'Umber.o/boll8 •. 

Due to . I Degrees of IsUID of Iquaree·1 freedom. 

Between treatments 2 592·66 

Within treatments 174 26548·73 

Total 176 2714.1;39 

The standard error.of compariBo~ of two treatments means:;=: 2'27 

The value of "f)!! (forP=O'05 and N=174) •• =.1·96 

The value for. a signi1i.cant difference between any two 
treatments means.. .. .. .. •• .. = 4·45 

Mean square. 

206·33 

162'67 

. . CONOLUSION : ..... The difference between no-tubell and two·aore·inches of water fa 
just signifioant. The other treatments are not significant. 

vege~ative and flower buds to the same extent as in the previous two years but 
there was an inorease. The number of bolls per plant, however, did show a rise 
of five and was just significant, owing to the larger number of plants under treat· 
m!,):p.t (see the statistical test of Rignifioance in the above table). The effect of 
the. tubes was only slight. As in the previous year, the applied water did not 
reduce bud and boll-shedding. The response of ·protsotedplants to water treat
ment; this year, was poor (Plate Nos. 7 and 7A and Table No. 210 in the Appendix). 

The results of all these years may now be summed up. (I) Impronment of 
available moisture in feeding zones of the soil by frequent application of water 
in increasing quantities to two-acre-inches per month, consistently failed to 
reduce bud and boll-shedding. In the Broach cotton tract, therefore, defi. 
ciency of available water in the soil is not the causal factor of the incessant shedding 
of buds and young fruits. (2) Application of water from the· close of the monsoon 
enhances boll production which is, however, not statistically significant owing 
perhaps to the small number of plants under treatment. A distinct tendency of 
increased boll production is noticeable with tbe application of larger quantities 
of water. _ , , 

___ Theseres111ts are contrary to those mentioned by Lloyd (1920) and King (1922). 
Lloyd quotes Dr. Barre's results in which the latter observed reduction in the shed. 
ding of squares and bolls as a result of irrigation. He says that the total shedding 
in th!lB9 plants was little more than haH that of the non-irrigated plants. King 
(1922, page 21) reports from Arizona that the plants which were irril!ated at ap
proXimately ten-day intervals during the principal fruiting season, fruited very 
heavily with little loss from shedding. On the other hand, Presscot (1924, page 
~3J who studied the effects of varying quantities of wateIo on growth behaviour 
and; sh,edding in c,otton in Egypt Qbserves that higher sbedding of squares resulting 
frOID: lIeavy wate~g is 'luite marked in botb the seasons_ . .-.. .. - -
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PLATE No.7. 
Protected plants treated with water. 

19::11-32. 

For Control see Plate No. 7A. 



PuTBNo.7A. 
p~ plmIts ft!Criwng 110 ""*' 

1931·32. 

Control to Plate N~. 7. 
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Effect 01 added water on tM mode 01 plant growth. 

Periodical growth counts on plants in the underground irrigation experiments 
are shown in Graph No. 52 as the average of ten plants in each 
set for the years 1929-30 and 1930-31 (Table Nos. 211, 212, 213, 214. in the 
Appendix). 

GRAPH No. 52. 

Average periodical :r.oduction 01 vegetative. buds, flower·bud..~ and flowers in sets .01 
plants recewmg 1W water and water equal to one and two·acre.inches. 

1929-19:i0. 1930-1931. 

a~~~uu_a~&~u~.m~~aa&ua~1 
Sept Oct. Nov. Oec.Veln. Feb. Sept. Qd-. Nc:!v. Dee. \.lOS1l. R:b. 

- CoYlfrol. .---- 1ecreiYlch __ ContlOl --_1 a.acre·\nctlec;,. 

They show that application of water equal to one and two-acre-inches does 
not bring about any change either by way of acceleration or retardation of the 
periods of production of the various organs of the plant. These may, howev~r. 
be affected if the quantities of water are increased. Presscot (1924., page 20) studied 
the effects of varying quantities of water on plant growth an~ observed that 
lateness was induced in flowering by heavy watering. This he a.ttrlbuted to hea.vy 
bud-shedding resulting from the effects of increased vegetative vigour of the pIant 
consequent upon heavier irrigations. 

25 
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(e) ABSORPTION 011' WATER BY THE PLANT AT DIPTERENT STAGES 011' GROWTH. 

The question whether the cotton plant under Broach conditions will be 
benefited by increasing the supply of moisture in the soil may be considered 
from the viewpoint of its water requirement from stage to stage. In 
the case of a non-irrigated crop like the one under consideration, one of the mea. 
sures of water requirement is the rate of moisture depletion in the soil under 
influence of the growing crop. Such data are available for a period of six years 
and have ~lready been presented in Table Nos. 9 to 14 in the Appendix. Those 
for the years 1930-31 and· 1931-32 have been shown, in addition, in Graph No.6. 
These moisture determinatiolll! pertain to the period after the cessation of mon
soons and are made at intervals of a fortnight in four equal layers of 22' 5 ems. 
each, up to the depth of 90 cms, The graph also shows similar determinations 
for uncropped land. This enables the estimation of the drag of water by the 
plant alone. 

A reference to these tables and to the Graph No.6 will show that at the close 
of the monsoon the soil contains about 30 per cent. of total moisture in alllayel'l. 
Much before the end of the crop-season, the moisture in all the layers gOO8 down 
to about 20 per cent. and remains constant thereafter. A comparison with the 
moisture curves of the uncropped land showA ,that most of this depletion of mois
ture is caused by the root activity of the plant. The rate of decline of moisture. 
content differs in different periods of the crop season and in different soil layers. 
Percentage moisture falls from 30 to about 23 within a month from the time the roots 
enter each of the four layers and by about the end of November, i.e., the first two 
months after the close of the monsoon, the roots penetrate all the depth up t090cms. 
and bring down the percentage moisture to about 23. In the following two 
months, this goes down to about 20 to 21 only. This means that the rate of mois
ture depletion is much faster in the first two months from the close of monsoon. 
The end of November marks the phase of commencement of flowering and the 
decline of vegetative phase. 

These considerations indicate that the plant exerts a greater pull and absorbs 
much more water in the first two months after the close of the monsoon than in 
the latter two. It means that the water requirements of the plant in its vegetative 
phase is much more than in the flowering or boll development phases.. Such a 
position is rather difficult to explain. The transpiring surface of the plant till the 
end of November is comparatively small than that during December and January. 
As such, the tax for water should be normally greater in the latter two months. 
The fact, however, that the physical forces in the surrounding of the plant are more 
severe during the months of October and November than in the following two months 
(cold monthR) ag shown by the evaporating power of the air in these months 
(Table No.3 in the Appendix) may partly account for some additional demand 
for water in the first two months. Besides, the fact that in these months a large 
part of the inception of the various organs takes place may also partly account 
for a larger demand on soil water. The faster decline of moisture.content of the soil 
in thE! first two months may also be due to the ease with which water is extracted 
by the roots when the moisture.content in the soil is high. As the moisture content 
goes down, absorption may be rendered more difficult. This may be one of the 
reasons of the slow decline in the moisture content of the soil in the latter two 
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months. Should this, however, occur the plant should take up water if added' 
during this phase. We may, therefore, proceed to the figures of moisture content 
under conditions of increased water supply made in the water requirement 
experiments of 1929-30 to 1931-32. 

It has already been mentioned that fortnightly determinations of moisture 
in the lower three layers of the soil were made in all the treated and the untreated 
plots in the three years of the experiment of water application. The data are repro
duced in Table Nos. 215 to 222 in the Appendix. They show that in 1929-30, when 
four different quantities of water were added, the total moisture in each of the 
three lower layers of the soil was more or less equal to that in the control in the 
first three treatments (Table No. 137). In the fourth treatment, however, in which 
two-acre-inches of water was given per month, the moisture per cent. in the two 
lower layers was always much more (Graph No. 53). 

TABLE No. 137. 

Average total moisture percentage in the two la,yers of 45 to 67i cms. and 67! to 90 cms. 
in plots receiving different quantities of tva,ter. 

Period ending. 

12th September 

26th September 

11th Ootober .. 
20th Ootober .. 
8th November •• 

2 

2 

1 

3 

2nd'No\·ember 

6th December •• 

4t.h Deoember 

3rd January .. 
7th January .. 
1st January .. 

I. 
t inoh 
water. 

.. 28·37 

.. 27·56 

.. 26·10 

.. 23·27 

.. 20·58 

.. 23·43 

.. 21·86 

.. 21·41 

.. 21·95 

.- 21-03 

.. 22·82 

1929-30. 

II. III. IV. V. VI. 

Control. 1 inoh It inches Control. 2 inohes 
water. water. water. 

27·17 .. 27·10 .. .. 
27·12 .. 25·24 .. . -
27·12 27·50 26·54 26·23 26·92 

25·91 25·65 24·69 25·22 25·66 

23·67 23·52 22·22 22·57 22·80 

22·60 23·21 24·14 23·31 26·45 

22·10 22·00 23·17 22·31 25·80 

22·15 21·12 22·00 21·31 26·19 

21·41 22·81 22·36 21·90 25·97 

20·68 21·27 21·71 20·68 25·61 

20·34 23'42 22·76 21·36 29·82 

Application of water commenoed from 14th October 1929 and ended on 23rd January, 1930. 
I I I I I, I 

The fact that the moisture of the soil remained unaffected up to the appli
cation of one-and-a-half inches of water per month, and that when the 9.u?,ntity 
was increased to 2 inches, it rose up, means that either the added water diSSIpated 
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in the soil or was partly lost through crevices to lower depths though the lower 
depths failed to show more moisture or the plant used it in transpiratione When. 
however, the quantity was increased, _ the moisture became enough to meet these 
needs and began to accumulate in the soil. . At any rate, ita accumulation 
in the latter half of the season during the rElprociuctive phase waa noteworthy 
and indicated that even though there might be available moisture present in the 
soil at this time, the plant did not make use of it. 

In the- following year, the water treatments were reduced to two. The 
moisture determinations in these two plots are shown in Graph No. 53·A. In the 

GRAPH No. 53. 

Percentage o/total moisture in dil/erent layer8 0/ the 80il in plots receitJing one (lfld two
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GRAPH No. 53-A. 

Percentage 0/ total moiBttlre in different layerB oj the Boil in plots receiving one and 
two-acre-incheB 0/ u'ater per month and in the co:ntrol. 
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plot receiving two inches of water, the percentage of moisture in all the layers 
was again far greater than in the control at all the times in the season. More 
interesting however was the fact that the plot receiving even one inch of 
water showed higher moisture in the lower two layers, froIl), about the beginning 
of December onwards throughout the remaining part of the season. This means 
that the water requirement of the plant during the period of flowering and boll 
development, i.e., the reproductive phase, was lesser and hence the accumulation 
of the added water in the soil. 

In the third year, only one quantity of water was given, namely, two-acre
inches per month. The moisture figures (Table Nos_ 221 and 222 in the Appendix) 
were exactly in conformity with those of the previous two years, showing that the 
added water was not much utilised by the plant. 
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GENl!:BAL QONCLUSIONS. 

Water requirement of the plant during the vegetative phase is more than during 
the reproductive phase. ; 

If supply of moisture in the soil is augmented by frequent addition of water 
commencing from the close of the monsoon, it is mainly utilised by the plant during 
the period of expansion of its vegetative parts and very little during the period 
of flowering and boll development. 

The natural supply of moisture in the soil does not become limiting during 
the reproductive phase. If more- moisture is made available to. the plant during 
the vegetative phase, it leads to increased production of various organs and 
consequently to increased number of bolls. 

Addition of water up to two-acre-inches per month does not afIeet tho normal 
mode of growth by accelerating or delaying certain phases. 

Deficietlcy of moisture in the soil is not the causal factor of the incessant bud 
and boll shedding in the Broach cotton tract. 

B. IMPROVEMENT OF l'UNT-FOOD ,SUl'l'LY IN THE SOn.. 

With the progress of investigation on the causes of bud and boll shedding, 
increasing evidence was obtained to shaw that the shedding-particularly of bolls 
-Was the result of inadequate supply of nutrition to the plant. Ewing (1918) studied 
boll shedding in several varieties of cotton and found that the cotton plant pro
ducedfartoo great a number of flowers which it had no capacity to maintain and that 
there was in each variety an auto-regulation of bolls brought about by shedding. 
The studies of Mason (1922) led him to think that" the greater liability of young 
bolls, produced during the latter portion of the flowering period, to undergo abscis
sion resulted from their inability to obtain assimilates necessary for development 
in the presence of a ~ger number of more mature holls." 

Work was, therefore, started to see if boll shedding could be prevented or at 
least substantially reduced by augmenting the supply of plant-food in the soil. 
This work_ steadily branched into many directions as it involved considerations 
both from the theoretical and the practical points of view. Quite a large number 
of experiments were carried out on this subject, which may be classified under 
two main groups, namely, the application of manures with water and the appli
cation of manures without water. We shall first take up the former class of 
experiments and then proceed to the study of the latter. 

I. (A) APPLICATION OIr NITROGEN WITH WATER. 

Preliminary experiments were started in 1926-27 and were continued for three 
years. In the first year, nitrogen was applied in the form of nitrate of soda at the 
rate of 116 lbs. per acre. This was administered in- three doses of twenty-three, 
Seventy and again twenty-three lbs. of nitrogen with three-acre-inches of water 
every time. Application was. made through under-laid tubes already described 
at three different levels in the soil, namely, thirty, sixty and ninety ems. 
to three different sets of five plan~s each. The control ~lants received only water. 



199 

The first dose was .giveI?- at the commencement of flowering; the second, a month 
hence; and the t.h~rd, SlX w~eks a:fter the se;ond. ~he results of plant performance 
under these condltIOns are glven III Table No. 223 III the Appendix. They indicate 
that the application of nitrogen increased substantially the number of flower-buds 
flowers and bolls and improved, though to a~small cxtent, the rate of success of 
flower-buds into flowers and of flowers into bolls. The net result was that the 
number of mature bolls per plant increased from 36 to 53. 

lt was thought that still better results could be obtained if the plant was fed 
just when the suspected deficiency of nutrition leading to boll shedding would 
operate. In the following year (1927-28), therefore, the experiment was repeated 
with certain modifications. The time of the first application was delayed to a 
stage when flowering had well advanced but the usual heavy shedding of bolls had 
not commenced. Further, the application at the depth of 90 cms. was dropped 
as the results of the previous year were not encouraging. The quantities of nitrogen 
and water were also reduced this year to seventy lbs. and two-acre-inches respec
tively. The fertilizer, nitrate of soda, and water were administered in three equal 
doses at intervals of a fortnight. A fourth application of water alone was further 
given to ensure full use of the fertilizer. The results are given in Table No. 224 
in the Appendix. They came up to expectations and showed that the proportion 
of flowers from buds incepted and of bolls from flowers formed was improved by the 
treatment. The total production of flowers and bolls on the plant also increased 
lIubstantially. The application commencing from the middle of the flowering 
period, however, did not increase the number of flower-buds to an appreciable 
extent, as happened in the previous year when it was commenced at the start of 
flowering. 

During the next year (1928-29), the experiment was again carried out but was 
vitiated as the treated rowshappelled to be situated on what afterwards proved 
to be a strip of badly drained land. having a hard pan beneath. The growth of the 
treated plants became stunted and later they suffered from red-mites. The 
effect of the applied nitrogen was, however, clearly visible in the dark colour which 
the plants developed within a few days. The final performance of the plant was 
similar to that of the previous two years. (Table No. 225 in the Appendix.) 

The results of all theRe experiments carried out for a period of three years led 
to the following provisional conclusions :-

(1) Addition of nitrogen to the soil stimulates the production of flower-buds, 
early applications always leading to a higher bud production. 

(2) Improvement of nitrogen supply in the s~il increases the retention of buds 
and bolls, indicating that a less retention of these organs usually witnessed under 
normal conditions is probably due to a deficiency of soil nitrogen. 

(a) Application of nitrogen with water in small anilfrequent iloBes. 

The indications obtained in the foregoing section suggested that if a ~ea~er 
supply of available nitrogen in the soil was maintained by its frequ~nt applicatIOn 
in small doses from an earlier stage of growth it would lead ~o a stIll greater pro
duot.i.on of flower-buds and their retention and development mto flowers and bolls 



in larger-numbers-. :Accordingly from 1929-30, the applications of nitrogen were 
commenced much earlier, i.e., from mid-October when flower-buds bpgin to set suo
cessfullyonth~ plant, and were continued for three months. Nitrogen and water 
were applied, twice a week, through under-laid tubes at t,he level of sixty cms.
the best of the three depths tried. There were thus thirty applications. The 
nitrogen in, this case was given in t.he form of ammonium sulphate and the total 
quantity of nitrogen was divided into thirty equal fractions for application one at 
each time. Water was similarly given to make up two-acre-inches per month. 

,These experiments' were carried out on unprotected plants for three years from 
1929-30 to 1931-32. In the first year, four quantities of nitrogen, namely, forty, 
sixty, eighty and hundred pounds per acre were tried on four different sets of plants. 
In the second and third year, trials with only the two extreme quantities were conti
nued. The number of plants m' each set in the first two years was ten. In the 
third year; the number under the treatment of forty pounds nitrogen, and control 
was raised to sixty and that under the hundred-pound treatment was twenty. 
Another set of sixty plants was added this year in which forty pounds of nitrogen 
per acre was applied in a similar way but the ll-pplication was started at a late 
stage, namely, some days before the commencement of heavy boll-shedding as was 
done in, 1927-28. In all the years, plants in the control row received only water 
without any nitrogen. 

Periodical growth counts were maintained on all the plants each year. In 
addition, oven-driven moisture and nitrous and nitric nitrogen were estimated every 
fortnight in three soillayel's of 22·5 cms. each, omitting the first layer from the SUl'

faoe. For the purpose ot drawing samples for these ~stimations, the treatmcnts 
were extended to another set of' ten plants in the same row continuous with the 
ten plants under counts. The idea was to avoid any disturbance to the plants 
under connts caused by soil sampling. 

During 1930-31 and 1931-32, these experiments were also tried ",ith plants 
grown free from the spotted boll-worm. As these plantll feed shallower, the tubes 
were laid in at the depth of 45 cms. instead of 60 ems. Further, only one quantity of 
40 Ibs. nitrogen per acre was tried, the control receiving water alone. The quantity 
of 'water applied was two-acre-inches per month. The applications were hi-weekly 
commencing from mid-October and were continued ollly for two months as the 
protected plants complete their life-cycle earlier by about a month than the 
unprotected. In 1931-32, the effects of applying nitrogen from the midst of 
flowering period were studied in addition. Growth counts were maintained but 
the estimations of soil moisture and nitrogen were not made. The results of all 
these experiments may now be studied, 

(b)-Effect 0/ nitrogen on the production o/vari01ls organs. 

Nitrogen applied with water to the unprotected plants from the hud-gro",ing 
stage increased consiRtently and considerably, during the three years, the 
numberof vegetative buds, flower-buds, flowers and bolls (Table Nos. 226, 227 and 
228 in the Appendix). Their magnitude however varied in the three years. 
The average production and increase over the control, worked O11t for two quanti
,ties common to the three years, are shown in Table No. 138_ The figures indicate 
.that the magnitude of production of each of the organs increased with increasing 
quantities of nitrogen. ' 



TABLE No. 138. 

Production and increase 01 tlanous organa in unprotected plant.! treated with 
40 and 100 Zha. 01 nitrogen Irom the bud-development stage. 

(Average of three years.) 

Average production and Increase over control by Increased return 
applying. per pound of 

added nitrogen 

Average I 
in application of. 

40 ponnde nitrogen. 100 pounde nitrogen. 
Name of the organ. 

produc-
tion In 
con~rol. 

Produe- Increase. Increase. 40 lbe. 100 lbe. tlon. Produc- nitrogen, nitrogen. 

Number,\per cent, 
tion, I 

Number'lPer cent, 

VegetaUvebude .. 149 696 247 55'0 9!9 600 111'4 6'17 5'00 

Flower-bude .. .. 4!3 716 273 61'0 967 524 118'3 0'82 5'2~ 

Flowers .. .. .. 105 202 97 92" 281 176 167'6 2'42 1'78 

Bolla .. .. .. 42 74 32 78'2 97 55 131'0 0'80 0'55 

Seed'cotton in grms. 
(Sun-dry), 

.. 82 180 78 95'1 217 135 16!'6 1'95 1'35 

Seed-cotton per boll in grms, 
(Sun·dry). 

1'95 2'18 0'21 10'S 

\ 

2'23 0'28 14'4 .. .. 

The yield was doubled with 40 lbs. and increased 2· 6 times with 100 lbs, nitrogen. 
The rate of increase, however, was not proportional to the quantities of nitrogen 
given 11.'1 willl>e evident from the figures of increase of return per pound of nitrogen 
in the last two columns. 

. Figures of percentage increase in the various organs a.re instructive, Nitrogen 
given with water from the stage of bud-development no doubt increased to a 
large extent both the vegetative and the reproductive buds but what is more 
notable was the fact that it also raised the number of flowers over the control by 
ninety-two and hundrod-and-sirly-seven per cent. with the application of forty 
and hundred pOlmds of nitrogen respectively. This means that nitrogen help
ed a. proportionately larger number of flower-buds to grow into flowers, Percentage 
increase in the number of bolls was lower than that of flowers. But the final yield 
of seed-cotton per boll was more in the nitrogen plot than in the control. Thus, 
nitrogen promoted a better development of bolls and increased also the yield per boll. 
Whereas the yield of seed-ootton was 1· 95 grammes in the control plants, it was 
2·16 and 2·23 grammes in plants receiving forty and hundred pounds of nitroge~ 
resppctively. 

These results clearly show that in the Broach cotton tract nitrogen is a limiting 
faotor for a better expression of plant growth. . . 

26 



Similar were the effects of applied nitrogen on protected plants also as 
would be seen from the data in ~I.'able No. 229 in the Appendix. The actual 
values for increases in the number of various organs are abstracted below from 
this table. 

TABLE No. 139. 

Production and increase 0/ various organa in protected plants treated with 40 Zba. 0/ 
- nitrogen /rom the bud.development Btage. 

(Average of two years.) 

Average production and increase I 
due to 40 pounds of nitrogen • 

over control. 
Average Increaaed 

Name of organ. production return per 
in control. Increase. pound of 

Production 
nitrogen. 

Number. I Per cent. 

Vegetative.buds .. .. .. 296 512 216 73·0 5'40 

Flower·buds .. 302 607 305 101·0 7·62 .. .. .. .. 
Flowera .. .. .. .. 123 270 147 119'5 3·67 

Bolla .. .. .. .. .. 53 103 50 1",3 1·25 

Seed·cotton in grammea (Sun-dry) •• 85 206 121 142·4 3'02 

Seed·cotton per boll in grammea 1·60 2·0 0·40 25·0 .. 
(Sun-dry). 

I 

These figures show that the same gradation of percentage increase in various 
organs was maintained as observed in the unprotected plants. The magnitude of 
production was, however, appreciably greater. With the application of forty pounds 
nitrogen, flower-buds and flowers increased by sixty-two and ninety. two per cent. 
respectively in the unprotected plants while the increase in these organs amounted 
to 101 and 119 'Per cent. in plants protected from the spotted boll-worm. The 

. number of bolls in the former set increased by seventy-six per cent. and in the latter 
by ninety-four per cent .. More remarkable, however, was the rise in the yield of 

.seed cotton per boll or, in other words, the size ofthe boll, which was equal to twenty
five per cent. in the protected plants as against eleven in the unprotected. On 
this account, the return per pound of nitrogen was fat greater in the protected 
1>lants.·· It may be recollected tha.t the protected plants "re norma.lIy more efficient 
in the production of all organs and also in respect of the final yield than those grown 
'under spotted boll-worm cond.itioIiR. These differences are maintained even under 
treatment of nitrogenous fertilizers. 
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These results show in nO UDcertain manner that if the spotted holl-worm is 
completely controlled, the plant will not only give a higher yield as it does under 
ordinary conditions but it will also respond better to a nitrogenous-manurial 
treatment leaving a far greater margin of profit. This behaviour of the plant 
has a great physiological significance. It shows that if the plant becomes less 
efficient due to any cause, it continues to remain so even in its response to 
beneficial treatments_ 

(c~ Effect 0/ nitrogen on the rate of bud and bolls'llccess. 

A reference to Table Nos. 226 to 229 in the Appendix in which the figures of 
percentage success of buds and bolls in the treated and untreated plants are given 
for t.he three years and the percentage of bud and boll success worked out there
from as reproduced below, will show t.hat addition of nitrogen during the periods 
of bud development and flowering cau,'!ed a definite improvement in the rate of 
flowers succeeding from flower-buds. The ratio of flowers to bolls, however, went 
down. These effects were consistently observed in both the protected and the 
unprotected plants. 

TABLE No. 14.0_ 

Percentage 8'llCCe8S of buds and bolls in the unprotected and protected plants 
treated with nitrogen and u'ater. 

Unprotected plants. Protected plants. 

Average of three years. Average of two years. 

Percentage success of Two inch water per month with Two inch water per 
month with nitrogen nitrogen equal to equal to 

Nil. I 
(Control). 401bs. I 1001bs. Nil I (Control). 401bs. 

Bud to flower .. . . " 23·7 28·2 29·0 40·7 44·5 

Flower t-o boll .. .. .. 40·0 36·6 34·5 43'4 38·1 

Bud to boll .. .. .. .. 9'5 10·3 10·0 I 17·5 17·0 

The results of the preliminary experiments already described ~dicated that 
flowers succeeded into bolls in larger proportion if nitrogen was app~ed at a late 
stage, i.e., during the boll-development period. This point was agam put to test 
in the year 1931-32 on both the protected and the unprotected plants. ":nen 
the application was commenced early the whole quantity of nitrogen was glven 
in thirty bi-weekly doses. In the late application it was given in fifteen doses. 
This meant doubling the dose in the latt~r case. In the protected. plan~s 
these figures were twenty and ten respecti\"ely. The results are glveu m 
Table No. 141. . . 
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TABLB No. 141. 
Compari80~ oJlhe el!ectB oj ea.rlg and late application oj equal '1IUJntilju 

DJ 'mirogen WttA water, In smalZ and equal dOlHl' twice II week. 
(Average per plant.) 

1931·32. 

Protected plants. Unprotected plant&. 

-
Application of ~ Application of ~ 

Name of organ. 
pounds nitrogen. pounds nitrosen-

Control. Control. 
From stage From lltage From .tage From.ta 
of bud· de. of boll·de· of bud·de- 01 boll 

velopment velopment. 
• 

velopmant velopmant 
• 

Number of plants under 
study. 

10 20 20 60 60 60 

Vegetative buds .. 296·2 580·7 "3·9 433·9 704·3 437·8 

Flower,buds .. .. 295·8 704'0 3~8·1 284'2 000·7 268·0 

Flowers .. , .. .. 127·7 311·0 153·2 89·1 184·3 97·8 

Bolls .. .. .. 50·5 108·7 81'0 40·8 77·2 55·8 

Seed.cotton in grms. 91'8 222'0 168·8 81·0 160·3 119" 
(Sun·dry). 

YIeld of' seed cotton per I .-
boll,(Sun.dry), •• 1'80 2'02 2'08 1'99 2'08 2'1' 

Percentage success of :-

Bud to Bow'er .. 43·2 "·1 44·3 31·4 38·' 38·5 

Flower io boll 39·5 35·3 53·2 45·7 41·9 67·0 

Bud to boll .. 17·1 15·8 23·5 14·4 15·3 20·8 

, Late applications ,of nitrogen brought about a distinct increase in the 
percentage success of flowers into mature bolls and to Bome extent also of flower· 
buds growing. into flowers. In the former case, there was a net increase of twelve 
per cent. over the control, and an increase of fifteen to eighteen per cent. over 
the earlier treated plants. The final percentage of bud to boll alBo improved 
appreciably.' ,The effect oj nitrogen on improving both the retention and the develop. 
ment 0/ flower. burls and bolls is, thus, governed by the BIage oj growth when nitrogen 
is ' made . available to the plant. IJ it is given /rom th8 stage 0/ bud-de~nt, 
it ',increases the percentage success 0/ buds into flowers; i/ applied later during the 
stage oj boU development, bolls succeed in larger proportion and even the yield oJ ,wl. 
('otton per boll and nitrogen content oj seed are enhanced. In the following table are 

, • On an average forty.six Bowers per plant out of the total of 153 opened in the 
case of the protected plante and thirty in the unprotected plants out of ninety-eight before 
the commencement of treatment~ . 



PLATE No.8. 
Protected plants treated with wate'r and nitrogen applied from the flower-b'ud stage. 

1931-32. 

For Control see Plate No.7. 



PLATE No.9. 
Protected plants treated with water and nitrogen applied from. the bolling stage. 

1931·32. 

For Control see Plate No.7. 
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sh own percentage figures of nitrogen in cotton seeds of plants treated with 
nitrogen and watt>r. 

TABLE No. 142. 

Percentage nitrogen in seed.s oj C()tton plants receiving nitrogen 
at two different stages. 

No water. 

Percentage nitrogen in seeds of cotton plants receiving 

Water only. 

2·63 

Water with nitrogen from Water with nitrogen from 
bud development period. boll development period. 

2·74 3·29 

The average results of the performance of plants l'eceiving forty pounds of ni
trogen with water in small and equal doseR given in Table No. 141 above are ex
ceedingly instructive. They show that the same quantity of nitrogen given from 
an earlier stage of growth gave far greater returns than its later applications. 
The yield of seed-cotton in the, unprotected plants increased by ninety-eight 
per cent. over the control by earlier commencement, while an increase of only 
forty-seven per cent. was obtained by later commencement. In the protected 
plants the corresponding figures for the early and late applications were hundred
and-forty-two and eighty-four per cent. respectively. Earlier application of nitrogen 
promoted plant expansion and increased the production of flower-buds. (Plate Nos. 
Sand 9.) Greater production of flower-buds led to a greater formation of 
flowers, thereby douhling the usual number. The percentage success of flowers into 
bolls was, however, slightly lowered. Nevertheless, the number of mature bolls 
per plant increased by virtue of the larger number of flowers formed. 

In the late application series, on the other hand, the scope left for a greater 
production of flower-buds was indeed very small. The added nitrogen mainly helped 
the exi'lting flower-buds and bolls to be retained in larger proportion though not 
to the extent of making up the production of the larger number of buds with the 
usual degree of success obtainable by an earlier application. This shows that a 
mere increase ill the percentage success of buds and bolls with a lesser numbe! of 
these forms is illusive and of no advantage whatever. 

Thufl, a better success of buds into flowers and of flowers into bolls and thereby 
of buds into bolls can be obtained if nitrogen is supplied to the plant during the 
boll development period when the vegetative growth practically ceases. If it is 
supplied during the stages of bud-development and flowering, it stimulates the 
production of flower-buds and their successful setting in larger proportion. 

In the earlier treated plants, flower-buds and flowers increased considerably and 
maintained the same ratio of success of buds growing into mature bolls as occurr~d 
in the untreated plants (Control). Although this may mean no improyement. m 
the rate of success, the same rate on higher production is responsible for enhancmg 
appreciably the number of ripe bolls on the plants. 

The deficiency of nitrogen is thus an important limiting factor curtailing the 
number of buds and bolls. 



(d) EJlect of continuing the Supply of nitrogen for various periods. 

With a view to studying this question, an expE'riment was carried out in 1930-31 
in which. protected plants were given nitrogen with water in bi-weekly applications 
through underlaid tubes for four periods of one, two, three and four months. 
The applications were started simultaneously in all the sets of plants from mid. 
October when flower-buds had already set growing. The quantity of nitrogE'n 
given per month was at the rate of twenty-five pounds per acre while that of water 
was two aCJ'e-inches per month. Thus, the first set received twenty.five pounds 
of nitrogen in one month, the second received fifty in two months, the third had 
seventy-five in three months and. thE' fourth got hundred pounds of nitrogen in four 
months. In each set, bud-histories were maintained on a group of five plant~. 
Spacing was reduced to nine inches in the row, the rows remaining threp. feet apart 
as usual. The plants in control rows had underlaid tubE'S but they received neither 
water nor nitrogen. The results of this experiment are embodied in the follo'\\ing 
table. 

TABLE No. 143. 

Effect of nitrogen applied with u'ater for different periods. 

Protected plant!!. 

(Average of 5 plants. Spacing 3 feet by 9 inches.) 

I Set I. Set II. Set III. Set IV. SetV. Set VI. 

Quantity of nitrogen 251b8. Control. 501bs. 751bs. Control. 100 lba. 

Duration of application One. Two. Three. Four. 
in months. 

Average production at the commencement of the experiment. (Counts taken on IOt·h Omober.) 

Vegetative buds .. 32·0 36·8 48·6 42·0 38·4 40·0 

Flower-buds .. .. 21·2 22·2 33·4 24·8 19·4 23·4 

Flowers •• .. .. 0·0 0·0 0·0 0·0 0'0 0·0 

Average production at the end of four weeks from the commencement of treatment. (Count. 
taken on 7th November when the first flush of flowering was over in the control.) 

Vegetative buds .. 88·0 52·0 123·2 116·2 I 55·4 97·8 

Flower-buds .. .. 102·2 43·4 115·2 108·8 

I 
43·4 89" 

Flowers .. .. . . 9·4* 14·2 15·6 9·2 9·8 8-8 

• Treatment discontinued hereafter. 



TABLE No. 143-{contd.) 

Effect of nitrogen applied with water for different periods. 

Protected plants. 

(Avera.ge of 5 plants. Spa.cmg 3 feet by 9 inches.) 

Set I. Set II. Set III. Set IV. SetV. Set VI. 

Quantity of nitrogen 251bs. Control. 50 100. 75 100. Control. 100100. 

Duration of application One. Two. Three. Four. in months. 

Average production at the end of eight weeks from the commencement of treatment. (Counts 
taken on 5th December when the seoond. flush of flowering was at its height in the contro!.) 

-
Vegetative buds .. 132·0 63·0 217·0 223·8 67·6 191·6 

Flower·buds .. .. 175·4 60·2 243·4 282·4 64·4 225·2 

Flowers •• .. .. 23·6 16·2 26·6- 20·8 11·6 18·6 

Average produotion at the end of twelve weeks from the commencement of treatment. (Counts 
taken On 2nd January 1931, t.e., end of flowering period in the control.) 

egetative buds V 

Fl 

F 

ower·buds 

lowers .. 

.. 
.. .. 
.. .. 

133·4 63·0 229·2 275·4 68·6 225·6 

178·0 50·2 278·4 365·0 54:4 276·2 

70·2 19'0 89·0 89'8- 16·4 79·6 

- Treatment discontinued hereafter. 

Counts taken before the commenoement of the treatment show that plants 
were more or less equal in vigour in all sets exoept t·hose in the third. 

Counts taken after four weeks from the oommenoement of treatment show that 
so far as the formation of vegetative buds is oonoerned, the response to the same 
quantity of nitrogen differed in the different sets. Judged on the basis of flower
bud formation, however, all the sets receiving nitrogen showed more or less equal 
performanoe exoept the last one. The treatment was disoontinued in the first 
set from this time. 

Counts taken eight weeks after the oommencement of the treatment show 
that in the first set when the nitrogen treatment had been disoontinued the pro
duotion of both the vegetative and flower-buds declined. The other three sets 
reoeived the same quantity of nitrogen with water and added inorements sinoe 
the previous count but the plants in the last set again failed to oome up to the 
standard of the two middle sets. The reason of this disparity oould not be properly 
traoed and may be asoribed to the individuality of the plants themselves. The 
treatment was disoontinued at this stage in the seoond set. 



Counts taken at the end of twelve weeks show that in the first set the produc
tion of vegetative buds and flower-buds practically ceased. In the second treated 
set, it appreciably declined. In the third and t.he fourth treated (leta whil'h were 
still receiving nitrogen and water, the production continued though at .. deolined 
rate. The number of flowers was more or less equal in all the treated sets except 
the first, in spite of the fact that the treatmmt in the second had ceased .. montb 
before. This means that although flower-bud formation in the third and the 
fourth treated sets hl¥i gone up, flowering was lesR intense in them. The inference 
would be that the expansion of plant-scaffolding did not result into a correspondiYlgly 
higher rate of the success of flower-buds into flowers. The treatment of the third 
treated set was discontinued from this time. Final performance of plants in the 
different sets is given in Table No. 144. 

TABLE No. 144. 
Effect oj nitrogen applied with water lor diJJerent periods. 

Protected plconta. 
1930-31. 

(Spacing 3 feet. by 9 inches.) (Average of 5 plants.) 

Set I. Set II. &tIII. Set IV. SetV. 

Quantity of nitrogen. 251bs. ControL 501bs. 751bs. Control. 

'Duration of application I 
in monthB. One. Two Three 

Final performance. 

Vegetative buds .. 133'4 63·0 229·2 276·0 68·8 

Flower-buds .. .. 176·0 50·2 278·6 365·2 54·4 

Flowers .. .. .. 70·6 19·0 106'0 139·4 18·' 

BollB .. .. . . 16·4 6·0 24·6 37·6 6·8 

Seed-cotton 
(Sun-dry). 

per boll 1·95 2·05 2·07 2·19 2·09 

Weight (Sun-dry) in grmB. 
of total Beed-cot1:00n. 

32·0 12·3 51'0 82·2 13·8 

Dry weight of plant 26·4 7·2 46·8 58·2 7·8 
skeleton in grmB. .. 

Ratio Seed-cotton .. 1·21 1·71 1'09 1·41 1·77 
Plant body 

Percentage I\Uccess of :-

Bud to flower .. 39·6 37·8 38·0 38·2 30·2 

Flower to bon _. 23·2 31·6 23·2 27·0 40·2 

Bud to boll .. 9·2 n'9 S-8 10·3 12·2 

Set VI. 

1001be. 

Four 

225·8 

276·2 

112·2 

32·8 

2·22 

72·8 

46·' 

1·57 

40·6 

29·2 

11-' 
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The average performa.nce· of plinits in the 'different sets at 'the end of the sea
· son confirms t,he previous finding that nitrogen increases the pro~ction of all 
, the organs on the pla.nt. Thero. was It rising gradation in· the ·production of 
different organs as the duration of application was increased up to three months. 
Plants in the fourth treated set lagged behind in pedormance from the end of the 
first month of application and they continued to be inferior tlu:oughout. Never
.theless, the production increased with the application -0£ increased quantities of 
~itrogen and ~ltter. 

'I'he proportion of flower-buds suCceeding into flowers was mote or less the 
flame·in all the .treated plots. Percentage success of flowers into mature bolls, 

, however, only improved when the treatment was continued for three arid four 
· months, i.e., during the bollmg period. Further with increased continuation of the 

application of nitrogen and water the yield of seed-cotton per boll steadily 
· increalled. 

The above mentioned two effects lend support to the observation that the 
plant uses the applied, nitrogen in different channels of .growth according to the 

. stage at which it is made available. 

(e) Return per pound of nitrogen. 

The actua.l values for returns 'per pound of nitrogen calculated on the basis 
of increa.'1es over the average production of control plants in the two sets are given 
in Table No. 145. They show that the return of seed-cotton per pound of applied 
nitrogen, increased in direct proportion up to the application of 75 pounds of 
nitrogen. In the case of vegetative buds and flower-buds, however, the returns 
steadily diminished. 

TABLE No. 145. 

Return per pound of nitrogen of various organs in, different sets of plants receiving 
.. different quantities oj nitrogen with water. 

1930-31. 

Return per pound of nit~ogen in plants receiving 

Organs •. 
nitrogen equal to· .. 

251ba. I 501ba. T ·75Iba. I -100Ibs. 
. 

Vegetative-buds .. .. .. 2·70 3·27 2·80 1·59 

Flower-buds .. .. 5·03 4·52 4·17 2·23 . . .. 
Flowers .. 2·12 1·76 1·62 0·94 

~. .. ". .. , 
Bolls .. 0·40 0·36 0·42 0·26 .. .. .. .. 
See4.cotton - .. .. 0·76 0·76 . -0·92 0·_59 .. .. 

. , . - ., 

117 
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'-(f) -EJJectlJ on plant development-

. In Graph Nos. 54 and MA are shown curves of the weekly production of \'ege
tative-buds and flower-buds and of flowers succeeding out of the respective weeks' 

'flower-buds (relative flowers) and of bolls succeeding from flowers of respective 
weeks (relative bolls.) The curve of successful bolls thus flhows the flower-bud. 

-from which they have arisen. It is necessary to remember that the flowering Rnd 
bolling curves are not with reference to the actual time of flowering anf! boll-setting. 
They are relative to flower-bud formation only. The actual weekly values are given 
in Table Nos. 23_0 and 231 in the Appendix. _ _ 

These curves a.re very instructive_ They show that the production of 
vegetative ruds and flower-buds'.or, in ot,her words, the expansion of the pla.nt 
was not only intensified by increasing the duration of nitrClgen application but was 
,also prolonged for over-two weeks when the application was oontinued for a period 
of two months. Further continuat,ion of the treatment did not, however, prolong 
the span of production of ,vegetative_ buds and flower-buds. These results bring 
into prominence the important fact that hereafter the use of the applied nitrogen 
was made towards the growth and development of the existing reproductive forms 
which, in consequence, succeeded in greater proportions. They alflo indioate that 
the growing buds and bolls exerted a retarding influence on further expaDllion 
of the plant. 

The curves 'for relative flowers show tllat the lIuccess of flower-buds was 
proloriged with prolonged application of nitrogen. In the first flet, flower-buds 
fluclJeeded up to 21st November; in the second. up to 28th November i and in 
the third and f6urth, up to the 12th December. 

On the other hand, the curves for relative bolls show that the flowers from 
the first flush in aU the treated sets failed to develop into bolls and were shed, when 
in the untreated plant3 nearly. two-,thirds of the mature bolls wert' obtained 
from the first flush of flowers_ This means that the application of nitrogen was 
responsible for the complete failure of all the flowers of the first flush. This 
reads like a contradiction to what has been repeatedly said so far. namely, the 
application of nitrogen promotes the success of bolls. 

This contradiction is, however, apparent and is explained if the effects of the 
,applied nitrogen are followed up in their logical sequence. It has been stated 
above that the firs~ effect of the applied nitrogen is to stimulate and intensify the 
production of vegetative buds and flower-buds. In the absenoe of any extra nitro
gen and water to the control plants, the growth steadily passed into reproductive 
phase resulting in development of the alrE'ady set buds into flowers and further 
of flowers into bOUR. Similarly in tbe treated plants the already set flower-buds did 
grow into flowers' but the rapid intake of· the added nitrogen and water disturbE'd 
the normal physiological bA.Iance of nutrition in the plant making it unsuited for 
the setting of frUitA from the fifilt flush of flowers. We have already referred to 
the relation of carbohydrate-nitrogen ratio in th~ cell sa.p and its influence on 
the type of the resulting growth (pages 178-181). The behaviour of tho trea.ted 
pla.nts in the . present experiments provides an instance in support of- the view 
that a lower ratio promotes vegetative growth. The rapid intake of nitrogen 
by the plant made its'sap, in all probability. more nitrogenous aild therefore less 
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.GRAl'H. No. 54. 
W eeklytotal Jor'11Ultion oj 1J~.etativ~ buds, flower-buds, and r~tive flowers in sets 

oj five plants recewtn:Jndra.1en and water for varwus periods. 

P,otectCcl.PIa .. ts. 1930-31. 

r ---/'\ .... ~ b .. " """""I 8 nllTOeen \frrt ... Manthe. 

" ............ , 
\ ... 

. ' 

... __ .... - ............ . 

11.al a6. o. la.19 26 a. a •. _ 
Oct. No", Dec:. "'on, 

---- Periodlcel vegot..tlve grown... 

--------- Pe.iodical n_-bud formaton. 
__ - ..... Relalve flowere "om !loweY-buds I:>lI'nccl.
---. Period' of tre~er.t _ ' " -

NOTE.-The thick line at the base'ofeach c~e.shows the d.ufation of the treatments in 
the difierent sets. 



212 

GllAPIr No. D4-A. 
Wee1cly total floWer. ojJenetl andr.elatit16 8'UCCeB./uJ bolls ." set. oJ jive plant. 

receiving nitrogen and water Jor f)MiouB period •• 

PTOfected-P/ents \930"31. 

16 

ta 
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favourable for reproductive growth until the increasing products of photo-synthesis 
conseque?t upon the activities .of the ~cr~aBing leaf surface under bright sunshine, 
re-estabhsl\ed the nEl.cesBary ratio. The failure of bolls from the first flush of flower
ing, therefore, does not contradict the. previous findings. For, the added nitrogen 
was useful later in stimulating the plant to produce more fruits from the second 
flush of flowers. This again emphasises the fact that the use to which the applied 
nitrogen is put by the plant is conditioned by the stage of growth. 

It m4y be asked whether a siinilar failUre of bolls caused by the indirect effects 
of nitrogen and water application occurred in the lmprotected plants alreadtreferred 
to. The fact was that the unprotected plants had only one flowering flush which 
)Dore or l~ss coincided with the second flush of the protected plants. As such, there 
were no Dolls on the plant of the first flush on which to observe the effect; It may 
also be aslted why a similar adverse effect on boll-setting was not observed when the 
commencement of nitrogen application with water was made late in t.heflowering 
season. The reason i", that the plant, at that timc, had the maximum of leaf surface 
and an excess of carbohydrate production. The added nitrogen was not therefore 
enough to cause any marked change in the ratio of carbohydrate to nitrogen. 

This· view is further supported by t.he fact that the continued applica
tion of n.itrogen resulted in slightly lowering the success of bolls arising from 
earlier flowers of the second flush and prolonged the period of boll-success. This 

. will be very clear by a reference to the foregoing graph and to Table No. 231 in the 
Appendix, in which the weekly percentages of bolls succeeding from weekly flowers 
(relative boll-success) are given for all the six sets under study. 

These experiments of nitrogen-cum-water treatment given for different pe
riods have yielded most valuable results from physiological point of view. They 
give further confirmatio~ to the view that nitrogen is an important limiting factor 
for the full expression of the production and development of all organs of the cotton 
plant. Longer duration intensifies production of flower-.buds and their success 
into flowers over a longer period and also promotes the flowers to succeed into bolls 
for a longer period. Finally, the effect of continuing the treatment during the 
bolling period is seen on the increase. of seed-co~ton per boll.. . 

. More interesting and instru·ctive is, however, the relation of nitrogen content 
of the plant to the. nature of growth. Addition of nitrogen with water to the soil 
during the bud-development stage changes the internal chemical ratios so as to m~ke 
the elaborated food in the plant more suited for vegetative growth until the.resultmg 
growth by its increased photo-synthetic activity is able to restore the necessary 
composit,ion of nutritional fluid in the plant and make it conducive to reproduc-

. tive. growth .. 

(g) PeriodicaZ· rnoi8(ttre content oj 'the soil in ·the nitrO(Jen-cu"!t~water
experiments. 

Fortnightly determination!! of soUl11oi'lture' were it).ade. In the treated plots 
during the three years oj the experiment. Thesf;l w~re ma~eIq three l~yers. of. 22·5 
cms. each with the exception of th.e $ll.rface layer .. ;The reflults are- ~ven m Table 

. Nos •. 23~ to 243 in the Appendi~ ~nd are reproduced below graphically (~raph 
No. 55) as the average of the three layers.· . 
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These curves a.re similar year after year. They show that in the control plo~ 
which l'eceived only water, the moisture conten~ of the soil was very high and con· 
stant throughout the seuon. Moisture content of the plot receiving forty pounds of 
nitrogen with water, was generally less but was pretty high till the end of November 
in 1929-30, till the end of December in 1930-31 and till the third week of 
January in 1931-32. Hereafter, it declined rather rapidly. Moisture content of the 
soil receiving hundred pounds of nitrogen with water, was more or lesa of the same 
order as that in the forty pounds nitrogen plo~ but in the former case the decline 
commenced 8r fortnight to 8r month earlier. 
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It has heen shown that plants receiving forty pounds of nitrogen were much 
larger in expanse than those in the control and those receivina hundred pounds 
nitrogen were still larger . It appears that in the control plot the added water was over 
and above the current needs of the plant and so it remained unused in the soil. 
When, however,larger plants were grown with the aid of nitrogen a greater pnll on 
soil moisture was exerted. 'I'his was, however, noticed in the latter part of the season. 
This behaviour of the pla.nts is contrary to that shown by the ordinary crop which 
taxes the soil for moisture comparatively more during the vegetative phase. 'rhe 
manured plants, on the otherhand,reduce the moisture content during the reproduc
tive stage and this can only be explained on the ground of the large size they 
attain, requiring larger quantities of water for transpiration. . 

Hence, although the moisture in the soil is more than sufficient for the normal 
growth of the cotton crop (page 192), evidence shows that it may become 
deficient if plants attain larger size by nitrogen manuring. 

WATER REQumEMENT OF THE PLANT MANURED WITH NITROGEN. 

Some light on the water requirement vf the pla.nt receiving nitrogen is thrown 
by the results of experiments in which a constant quantity of nitrogen was given 
with two different quantities of water. The applications were made through under
laid tubes, twice a week in small and equal doses. The quantity of nitrogen used 
was eighty pounds per acre in the form of sulphate of ammonia with water equal 
~o one and three acre-inches per month. The average results of these experiments 
are given in the following table. 

TABLE No. 146. 

Effect oj varying the quantity oj water ,vith·eighty pounds nitrogen per acre. 

Unprotected plants. 

Average results. 

1929-30. I 1930-31. I 1931-32. 

80 lbs. nitrogen with I 80 lbs: nitrogen with I 80 lbs. nitrogen with 

One acre· Three acre. One acre- Three acre· One acre- Three acre-

inch water inches inch water inches inch water inches 

per month. water per per month. water per per month. water per 
month. month. month. 

-
Number of plants under 20 20 19 20 19 20 

treatment. 

Flowers .. .. 228·2 241·2 198·4 275·4 ·189·3 264·1 

Bolls .. .. .. 75'0 80·0 64·8 95·8 75·7 104·3 

Seed· cotton in grms. 158'5 172'0 146·9 217·6 167·7 214·3 
(Sun-dry). 

Yield per boll (Sun-dry) 2·n 2·15 2·27 2·27 2-20 2'05 
I 



· -, .Ther~sulta in the-. three yea.rs were coosistent iB. showing that the qllanhlty of 
· nitrogen being. constant at eighty pOWlds per a-cre, a.n avplication of three or more 
acre-inches of water per month gives an appreCiably larger yield of bolla and seed. 

· cotton per plant. . This means that for the full use of nitrogen applied in aslligha 
quantity as 80 pOWlds, more water must be used. . 

, (h). Nitro'U8; nitric and ammoniacal nitrOgen i~ the BOil. 
. - . 

For~nightly ,determinations of nitrous, nitric~nl ammoniacal nitrogeniu. 
different layers of the- soil, were made" dUring the' years 1929-30 and 1930-31. 
These were confined to plants receiving varying quantities of nitrogen and water 

,through underlaid tube" andalao to·thosein·the centrol-which received neither 
water nor nitrogen. The results obtained. are presented in Table Nos. 244 to 279 
in the Appendix. They differed in the two years. In 1929-30; the ammoniacal·nitro. 
gen in all the treated plots was distinctly higher than in the cont.rol. This did 
not, ho~ever. occur in the second year,. -With r,p.glud to nitrous and nitrio forms, 
the plot receiving '100. pounds of mtrogen: show~d some .difference over the control 
or over the forty-pounds-application plot, but it was·of av:ery small order. These 
figures, therefore, d~ not bring. out any us~ful information. 

GENE~ (lONCLUSIOl!l'S. 

The various experiments" on nitrogen' appfication described so far lead to the 
following conclusions :-

1. In tIle Broach· cotton soils, nitrogen becomes limiting at each stage, for a 
better production arid development of various organs of the cotton plant. 

... -, 

2. The way in which applied nitrogen is used by the plant is determined by 
the stage of growth. If the application is commenced during the bUlI.development 
phase and continued throughout the flowering period, it increases the production 
of flower-buds and flowers and bolla without reducing in any manner the extent of 
shedding. If, on the. other hand, nitrogen is made available at a later stage, i.e_, 
during the bolling period only, it enhances. the number.of flowers and bolla and 
increases the yield of seed-cotton per boll. In· this . latter case, the extent of 
shedding is also reduced. Further, the percentage nitrogen of the seed is also 
improved ~y the late application. 

. 3. The lla.me quantity of nitrogen gives widely varying results depending upon 
the stl1ge of plant growth. With early ,applications of 40 poundft of nitrogen per 
'acre, the' yield of seed-cotton is doubled while with'late- applications of the same 
'luantity :of ni.tfogen, the yield is U}.9reased by:only, 50 pl,"r cent. 

. •. The protected plants whiQh are normally more efficient than the unprotected 
in respect of yield (by forty per cent.), retain their superiority even under condi. 
tions of nitrogen.ousmanuring. For the same quantity of 8ppl!~d nitrogen, the yield 
returns are higher "in their case .. Complete exclusion. of the spotted boll:worm, 
therefore, will not only add matertally to the normal peld . ., of cotton but Will also 
givQ proportiQnately ~ger retlll'W1 and henge larger profits. -if manured with 
nitrogen. . :. .: ! . • 

· . 



PLATF. No. 10. 

Effect of the appl'ication of nitrogen, potash and pl~o8phoric acid, lti·,.,l, cmd i" 
combination, on protected plants. Photo taken two months after the C07nmfttUmetaI 

of thp, treatment. 

(1) No water. (2) Only water. (3) Water and phosphoric acid. (4) Water and 
pota,sh. (5) Water with potash, phosphoric acid and nitrogen. (6) Water and 
nitrogen. (7) Water and phosphoric acid with nitrogen. (8) Water and 
potash wit.h nitrogen. 
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5. Yields go on increasing up to hundred pounds of nitrogen administered 
with ~.ater in ~he f~edD;tg lay~rs of the soil. The data ~dicate that larger 
quantities may give still higher YIelds. The figures of 1929-30, m which 40 60 80 
and 100 pounds of nitrogen were given and those of the following two years fu. which 
only forty and hundred pounds nitrogen were tried, show however that 
dimini.'1hing returns per pound of nitrogen begin after forty pounds of nitrogen. 

I. (B) APPLICATION OF POTASH AND PHOSPHORIC ACID WITH WATER. 

Preliminary trials made in the years from 1926·27 to 1928-29 with applications 
of potash and phosphoric acid in combination with nitrogen and water had shown 
that the results obtained were no better than those when nitrogen was used alone. 
Tests with potash and phosphoric acid were undertaken singly and also in combination 
with nitrogen in the years 1930-31 and 1931-32. This was done on protccted plants. 
Ten plants were used in each set and at the depth of forty-five cms. applications 
were made twice a weck with water at the rate of two aere-inches per month from 
mid-October for two months. Potash was given as sulphate of potaRh and phos
phoric acid as sodium phosphate. Nitrogen was given as sulphate of ammonia. 

The results for the two years are submitted in Table Nos. 280, 281 and 282 in the 
Appendix. 

In the first year, the application of phosphoric acid showed no advantage 
but.in the second year, there was an average increase of seven holls per plant. This 
result does not appear to be significant as the added phosphoric acid did not affect 
plant growt.h to any a.ppreeiable extent. Given in combination with nitrogen, phos
phoric acid showed no additional advantage. 

(a) Effect of the application of pota.sk. 

The results with the application of potash were also not very encouraging. In 
1930-31, there was decidedly no advantage. In 1931-32, the added fertilizer yield
ed on an average six more bolls. This increased number seems,however, to be the 
result of the plants in this set being initially superior. 

Given in combination with nitrogen,. potash does not lead to increased 
returns. 

(b) Effect of the application of full fertilizer. 

This was tried in the year 1931-32. The re~lUlts are given in Table No. 282 
in the App<>ndix. They show that the addition of phosphoric acid and potash 
to nitrogen does not increase the number of bolls on the plant (Plate No. 10). 

GENERAL CONCLUSIONS. . . 

Potash and phosphoric acid do not become limiting in the Broach cotton Boil. 
Their application in combination with nitrogen does not further add to the 
beneficial effects of nitrogen. 

28 



It. EFFECT OF MANuRES -A.ND FERTIr.n:ERS- GIVEN" wrmOU'l' mluOATION. 

As already mentioned in Chapter II, the Broach cotton tract bas no irrigation 
facilities and the cotton crop has to be grown entirely on the natul"al supply of soil 
. moist~e .obta~ed ftom rains. Hence, although the studies on fertilizers given in 
combmatlOn WIth water are extremely valuable for understanding the food require. 
ments of the plant, they are of little use in practice in the absence of irrigation 
facilities. Efforts were, therefore, in progress side _by side to study the t>ffects 
of manuring under natural conditions of soil moisture. . . 

Work on this subject was originally st·arted with the object of increalling the 
supply of plant.food in lower layers of the soil where the cotton plant feeds during the 
bolling period. The idea was to soe if boll.shcdding could be .prevented or reduced 
by this means. Work of a preliminary nature was commenced in 1925·26 and conti. 
nued for three years. The intended manures and fertilizers were given at the depth 
of thirty to ninetycms. in trenches dug between rows of plants in Sepwmber or 
October at the close of the monsoon. The manures or fertilizers were spread in 
these' trenches which were subsequently refilled. Both organic and inorganio 
manures were tried: among the former were safflower ca,ke, castor cake, farm yard 

. manure, and green manure with ikad (Sesbania aculeata) ; in the l~tter were included 
nitrate of soda, sulphate of potash and sodium di.phosphate and sulphate of 
ammonia. . 

The results of the preliminary trials indicated that by applying manurial 
subst,ancAs in trenches, percentage success of flowers into holls increased to 'some 
extent. The production of flower-buds, flowers and bolls a1110 increased substant·illl
ly. Nitrogen was by far the most effective element of plant-fol)d. Addition. of 
phosphoric acid or potash to nitrogen -did not enhance the beneficial effects ~btained 
by nitrogen alone. Further, of the organic and inorganic forms of nitrogen, it was 
the latter form that WitS found to be more effective. Bot·h sulphate of ammonia. 
and nitrate of soda were equally good in their effects. 

Manuring in deep trenches, however, is not possible for adoption into practiCe. 
From 1928-29, therefore, the tube plough ;which works to a depth of about ten cms. 
was selected and used as a suitable implement for giving fertilizers in furrows. 
AppliCations on ridges were mMe by means !>f a two-coultered-drill which delivered 
the fertilizer on both sides, fifteen ems. away from the plants. 

Another observation that emerged from the preliminary trials was that for a 
better use of man~es and fertilizers given in October, water became limiting. The 
only way to secure more water was to apply the fertilizer during the rainy season. 
From 1928-29, therefore, a new series was started in which fifty pounds of nitrogen 
per acre were administered in the form of sodium nitrate in three plots at f.hree 
different times, namely, at the first opportunity after sowing in July,towardll the 
end of August, and at the close of the monsoon in October. 

This experiment was t~ied on a plot scaie, in four replications. Each plot 
. waS two cents in area. excluding a. row of plants all round. The crop was' grown 
. on ridges spaced four feet apart with plants at distances of .three feet on the ridge. 
In the first .block, periodical growth counts were maintained 'on sets of ten plants 



~19 

in pach plot. Besides, sets of five plants were protected against the spotted boll. 
worm to study the effect of the fertilizer on them. As protected plants give more 
yield, the yield data from the first block were not comparable with those of the 
ot·her three blocks. . 

The results (Table No. 283 in the Appendix) showed that nitrate of soda produc
ed equally good effect on the production of flower-buds, flowers and bolls when given 
in July or August. It also increased the success of buds into flowers by four and 
seven per cent. respectively. This beneficial effect was also noticed in the October 
application. . 

The yield figures of plots for the three replications are given in Table No. 284 
in the Appendix. They show that the ,same quantity of nitrogen, namely, fifty 

. pounds p€'r acre, gave different degrees of increase. Yields rose by ninety-six, 
seventy and thirty-eight per cent. over the control with July, August and October 
applications respectively, all of which were statistically significant. 

In the following year (1929-30), the same series was repeated in a like manner. 
The only change made from this year onwards was the substitution of sulphate 
of ammonia for sodium nitrate. The results obtained confirmed the finding of the 
preliminary trials that the effect of the fertilizer depends on the amount of mois
ture in the soil after its application. The distribution of rainfall this year was 
abnormal and very little effective rain was received after application of sulphate 
of ammonia !lven in July. Out of the forty-eight inches of rainfall of that year, 
as much as forty-four fell in the last week of June and in the first fortnight of July. 
On this account, the seedlings of t·he first SOWing were completely damaged and 
resowing was resorted to on 15th July. The results are given in Table Nos. 285 and 
286 in tho Appendix. They show that in none of the plots receiving the fertilizer 
was there any significant increase over the control in respcct of yield. 

'It is necessary to mention that the fertilizer was not lost but remained in the 
soil and became available to the following crop of jowar grown in rotation with cot
ton. The residual.effect on this crop was noticeable from the beginning and in the 
end it was found that the increase both in grain and fodder (straw) over the control 
was about 40 and 240 per ceI).t. respectively. This mcrease, however, left no 
profit but was just sufficient to meet the;cost of the manure applied. 

At the end of' the crop season of ] 929-30, it was tentatively concluded 
that, 

(1) the cotton plant responds to nitrogenous treatment by increasing the yield 
of seed-cotton, and that 

(2) with the same quantity of nitrogenous fertilizer, the yield varies according 
to the time of application, earlier application giving better returns. 

The next question was, therefore, to ascertain the optimum quantity of the 
fertilizer and the best position with reference to time of its application. T~e three 
questions, namely, the quantity, time and position of application .of the Dlt~ogen
ous fertilizer (sulphate of ammonia), were therefore combined in~o a. smgle expenment 

·aft€'r Fisher (1926). Three quantities of nitrogen-twenty, thirty and fort~ ~ounds 
. of nitr<lgen, ·two timings of application-July and August, and two POSItIOns of 



application-ridge and furrow,-were the variants. There· were thus twelve 
treatments as under, 

20 J. R. 
30 J. R. 

. 4OJ. R. 

20J. F. 
30J.F. 
4OJ.F. 

20 A. R. 
30 A. R. 
4OA. R. 

20A.F. 
30A.F . 
4OA. F. 

where the figures 20, 30 and 40 refer to the quantity of nitrogen in pounds per acre 
and where J. means July, A. means August, R. means ridge and F. mea.ns 
furrow. 

This experiment was carried out for two years, 1930-31 and 1931-32, on a plot 
scale in four' replications with randomised treatments. In 1930-31, thf're were 
four controls in each block. These were reduced to only one in 1931-32. The 
area used for the experiment in 1931·32 was the same as that in 1929-30 which 
came in rotation. In this area, there were only twelve plots in each block. On 
this account, the treatment of 30 A.F. was required to be deleted to make room 
for a control plot. Sowing was always done on ridges spaced four feet apart, the 
pla.nts being sit:uated on the ridge at three feet distances. The fertilizer mixed 
with dry soil to increase the volume for facilitating even distribution, wall applied 
on the ridge with the help of a two-coultered drill and in furrows with the help of a 
tube plough. 

Rainfall after the a.pplications in July and August in both the years was 
favourable. Precipitation in 1931-32 was rather too heavy and prolonged, the 
total rainfall being 53·38 inches. In 1930-31, it was 41·28 inches. Fortnightly 
distribution of rainfall in the two years is shown in Table No. 147. 

TABLB No. 147. 
Fortnightly rainfall in inche8 dll-ring the lIear81930 and 1931. 

July. I August. I September. I October. 

Year. 

I I I I I I I I. II. I. II. I. II. I. D. 

1930 .. .. 10·41 0·64 2·19 0·26 5·34 0·06 0·96 0·10 

1931 .. .. 16·67 9·12 10·34 4·70 0·38 3·50 8·26 0·06 

Before discussing the results of the above experiment, it will be of advantage 
to ascertain the downward movement of applied nitrogen. An attempt to find 

-out the depth to which the nitrogen applied in July, moves into the soil under 
the influence ot rainfall, was made in the year 1931-32. Different quantities 
of nitrogen were applied in a plot situated in continuation with the replica.tion 
series. No crop was grown on this land and forty and two hundred pounds 
of nitrogen as sulphate of ammonia were applied on 15th July 1931 in the 
furrows at the depth of ,ten cms. Determinations on soil-moisture, ammoniacal, 
nitrous and nitric nitrogen were made in successive layers of ten cms. each, below 
the place of application. Similar est,imations were also carried out in a control 
plot. Samples from four layers were analysed a.t a time. .As the nitrogen moved 
downwards, the determination.'4 were gradually shift.ed to lower layers. The esti. 
mations w~re wcekly in September and at longer intervals thereafter .. The results 



.221 

are given in Table Nos. 287,288 and 289 in the Appendix and in Graph No. 56. 
The results show that, 

(1) Addition of sulphate of ammonia to a fallow plot even in quantities up to 
200 pounds of nitrogen per acre did not affect the moisture content of the soil. 

(2) The ammoniacal nitrogen in the various layers was also not affE'.cted. 

GUAPH No. 56. 

Percentage 0/ nitrous and nitric nitrogen in several layers 0/ tke soil in tke uncropped 
plots treated ·with 40 and 200 pounds oj nitrogen per acre. 
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(3) The most marked effects of the applied nitrogen were noticed on the quan
tities of nitrous and nitric nitrogen. These were always more in the forty-pound
application plot than in the control and were still higher in the plot receiving 200 
pounds application. This means that the ammoniacal nitrogen was nitrified and 
was diffused down into lower layers. 

(4) The increase in nitrous and nitric nitrogen in the treated plo.t began from 
about the middle of September, t.6., eight weeks after the applicatIon. 

(5) Increase in nitrous and nitrie nitrogen in the treated plots was noticeable 
in layers up to 40 cms. from the soil surface during the month of October. 'From 
November onwards it steadily descended and reached the depth of 80 cms. 



. In a year, therefore, having a rainfall like that of 1931-32, nitrogen applied 
as sulphate of ammonia may travel down into the soil up to A depth of 80 ems., 

. if applied in large quantities .of 200 pounds nitrogen per acre. With 40 pounds 
application, it may go down up to about 50 ems. only and become available to the 
crop. at later stages of growth. 

We may now return to the experiment proper. Growth counts were restricted 
in both the years to plants receiving the highest quantity of the fertilizer, 
namely, 40 pounds nitrogen in the first replication. Thcre were four such plotll 
and the ,fifth' was the control. Twcnty plants in two rows of ten each, were 
earmarked for. growth counts. The object of· these counts W8.1 to observe 
the effect of the fertilizer on the production of· buds and bolls and the 
extent to which they were retained. The average results for the two years are given 
separately in Table Nos. 290 and 291 in the Appendix. In both the yearlJ, the 
applied nitrogen in all the four plots increased the production of vegetative buds, 
flower-buds, flowers and bolls. The effects of July-application WE're more marked 
and consistent. These beneficial effects, however, failed to improve the rate 
I)f success of buds into flowers or of flowers into bolls. There was, in fact, 8. tenden
cy for the percentage success of buds into boils to decrease particularly in the July
ridge-application. Tho higher yield of bolls obtained in All the treatments was, 
therefore, only a result of larger plants. . -. 

Of more interest are the figures of progressive production of vegetative buds 
and flower-buds. These a.re presented in Table Nos. 292 and 293 in the Appendix 
and are reproduced below in'the Graph No. 57. , 

GRAl'II No. 57. , .-
Progressive production of vegetative buds and Jlou·er-buds in planu receiving forty 

pounds of nitrogen at different times in the Sep,8on and in different positions. 

(~verage of 20 plants.) 
1930-1931. 19~1-t93a. 
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It will be evident from the above graph that the period and: extent· of the 
intense production of vegetative buds and flower-buds differed in the different treat
ments. 'fhe earliest availability of the applied nitrogen was seen in plants receiving 
the fertilizer on the ridge in the month of July. Observations showed that these 

. plants stood out markedly in their growth from the general unmanured crop, within 
a month from the date of application, and continued to do so till about the end of 
November. The reason of the earliest availability of nitrogen was the fact that the 
fertilizer was administered only 15 cms. away from the plants on both sides of the row 
so that it was within their easy reach during the seedling stage. The eff~ct of the 
fertilizer continued till the end of October or November, depending upon the nature 
of the season. . . .. . . 

When the fertilizer was given in furrows in July, its effect did not become 
visible for over ten weeks after the application. This was, because, . the applied 
nitrogen rem'1ined at a distance of two feet from the 'plants. But Olice the roots 
got extended and reached this distance, the growth of these plants steadily intensified 
to a m'1Ximum value reached two to three weeks later than in plants under the 
ridge-application. These plants also remained dark green for a longer time. 

Application made in August on the ridge, became effective, more or less at the 
same time as the July-furrow application. Given in August in furrows, the 
availability of nitrogen was still delayed_ 

Weekly flowering of plants in these plots is shown in Graph No. 58 and Table 
Nos. 294 and 295 in the Appendix_ It will be seen from. this graph that flowering 
became intenBe by July-applica.tion and the crop got ready for harvest earlier by 
a week to ten days in July-ridge-plots. In 1931-32, flowering was delayed by a 
week to a fortnight by August-applications. . 

GRAPH NO.58. 

Weekly flowering per plant in plots receiving forty pounds of nitrogen at different times 
and at different positions. . 
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(Average of twenty plants.) 
19:30-1931. 1931-1932. 



These. differenc-es· in the effect of" nitrogen applied at di.fferent-p08itions and 
at different times in the season suggest that the time of intensified growth can be 
altered within rE1asonable limits and that the crop can be hastened to ripen earlier 
by a week to ten days if necessary. Applying the fertilizer near the young aeed. 
lings in July makes it available to the plant from quite an early atage and enaurea 
the growth of a larger plant. The effects of later applications and thoae made in 
furrows two feet away from the plants, are governed by the amount of rainfall. The 
~est plan, therefore, seems to be that the fertilizer be given in July near the 
seedlings.-

The yield figures for the difI61'ent treatments are also instructive. These are 
reproduced together with their sta.tisticalsignificance in Ta.ble Nos. 296 and 29; in 
the Appendix. Average yield of the four replications is extracted from those 
statments in Table No. 148. 

Quantity of 
nitrogen applied 

per acre. 

20 pounds .. 
30 .. .. 
40 .. .. 
Control .. .. 

-
20 pounds .. 
30 .. .. 
40 .. .. 
Control .. .. 

TABLE No. 148. 

Average yield oJ Beed-cotton. in pntndB per plot. 

(A-rea of each plot was three cents.) 

1930·31. 

July ridge. I July furrow. I August ridge. 

Yield 
in 

Ibs. 

16·91 

19·31 

20·04 

14·16 

31·47 

33·90 

36·78 

26·02 

Increa.se Yield Increa.se Yield 
over in over in 

control. Ibs. control. Ibs. 
% % 

19 19·20 36 16·22 

36 17·61 24 17·47 

42 .20·20 43 20·18 

.. 14·16 _ . 14·16 

(Area of each plot; was five cents.) 

1931·32. 
: 

20·9 29·82 14·6 29·92 

30·3 31·00 19·1 36·00 

41·4 37·32 43·4 31·12 

.. 26·02 .. .26·02 

Increa.se 
over 

control. 
% 

15 

23 

43 

.. 

15·0 

38·f 

19·6 

.. 

I August furrow. 

Yield Inc1'OOll8 
in over 

lba. oontrol. 
% 

16·88 19 

17·29 22 

19'02 34 

14·16 .. 

29·42 13·1 

Not tried. 

30·12 15·8 

26·02 .. 

The results were oonsistent in both the years in showing that nitrogen was effec
tive in increl.sing the yield of seed-cotton. The ma.gnitude of increase, however waa 
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more in the JUly-applications.than in the August ones. Further, the yield rose up 
with the incre!l.'!e in the quantity of nitrogen applied. Taking the July results into 
consideration, it is seen that the application!! on the ridge gave better results even 
for lowe .. quantities of nitrogen. With forty pounds, an increase in yield of about 
forty per cent. was obtained in both the ridge and furrow July-treatments. 

In 1931-32, the increase in yield was consistently significant in all the eleven 
treatments over the control. In 1930-31, they were not so in plots receiving twenty 
pounds nitrogen in July-ridge, twenty pounds nitrogen in August-ridge, and twenty 
}>ounds nitrogen in August-furrow. 

The return of seed-ootton per aore for each pound of nitrogen applied in these 
experimonts is shown in Table No. 149. 

Nitrogen applied 
per acro. 

20 pounds .. 
30 

" .-
40 

" 
.. 

20 pounds .. 
30 .. .. 
40 .. .. 

TABLE No. 149_ 

Return oj 8eed-cotton per acre, per pound oj nitrogen. 

(Average of four replioations.) 

1930-31. 

J_R. J.F. A.R. 
I 

A.F. 

I Per I I Per I I Per I I Per Per acre. pc;>und of Per acre. pc;>und of Per acre. pc;>und of Per acre. pc;>und of 
mtrogen. mtrogen. mtrogen. nitrogen. 

93 4·65 170 8·5 70 3·5 91 4·55 

174 5·8 117 3·9 112 3·73 106 3·53 

198 
I 

4·95 234 5·85 203 5·07 164 4·1 

1931-32. 

110 5·5 77 3·85 79 3·95 69 5·45 

159 5·3 101 3·37 201 6·7 .. .' 

217 5·42 228 5·7 103 2·57 83 2·07 

J=July. A=August. R=Ridge. F=Furrow. 

The general trend of the return of seed-oottoll per pound of ni~rog~n was oonsis
tently steady between four to five pounds, when nitrogen was appli~d ill J aIy on the 
ridge. In the other applioa.tions,.the figures for seed-<:ottc:1D Va~le?8. .good deal. 
Nevertheless, they also show that in the July-ridge-applioatlOn, dilIUIllBhing returns 
per pound of added nitrogen did not oommenoe even up to forty pounds. 

IIIJ 
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GENERAL ·CONCLUSIONS. 

Sulphate of ammonia is a quickly acting form of nitrogen in the Broach tract. 
For realizing the maximum benefit, the nitrogenous fertilizer must be applied in 
July, early enough to get sufficient rain water to make it available to the plant. 

It is best to deliver the fertilizer on the two sides of plant rows at & distance 
of about fifteen cms. so that it begins to be available to the young seedlings within 
a short time. Applications made in furrows two feet away from the row of plants 
become available later when the plant has extended its roots to that distance. 

Applications made near the row of plants are effective even in smaller quantities 
like twenty pounds of nitrogen per acre. In furrow· applications, i.e .• those made 
two feet away from the plant, they are less effective in smaller quantities as twenty 
and thirty pounds. With larger quantity like forty pounds of nitrogen, however, 
the increase in yield is more or less equal in closer or wider applications. 

When given in July on ridge, i.e., near the plants, every pound of the added 
nitrogen is able to increase the yield of seed·cotton by four to five pounds per acre. 
This rate of increase in yield is obtained with smaller as well as with bigger quanti. 
ties up to forty pounds nitrogen per acre •. It would pay to use larger quantities 
as there is a saving in the cost of application. ' 

In case of the failure of rains, the cotton crop gets no advantage of the applied 
nitrogen. It is, however, not lost but remains in the soil and beoomes available 
to the succeeding crop (jowar) grown in rotation. The increase in the yield of 
this crop is just sufficient to meet the cost of the fertilizer. 

The soils in the Broach cotton tract are definitely poor in nitrogen and but 
for their great depths which are tapped by the deep-rooted cotton plant, the yields 
would have been much lower than what they are at present. The other ingredients 
of plantfood (potash, phosphoric acid and lime) including moisture, &re sufficient in 
these soils to sustain a much bigger yield-at least a. fifty per cent. bigger yield. 
The results of 1928·29 show that they are present in quantities sufficient even for 
sustaining a crop of double the present size. 

These results are of great practical importance as. it is possible to build up 
the nitrogen fertility of the soil by means which would be within the easy reach of 
every cultivator. Some light on the way in which the fertility of the soil could be 
improved is thrown by the results of preliminary experiments on green manuring 
to be presently describEld. 

GREEN MANURING. 

Mention has already been made of ;the preliminary trials with green manuring 
in the years 1~25·26 and 1926·27. Further attention was given to green manuring 
especially becaUse it does not cost any out.of.pocket expenditure to the cultivator, 
if he is prepared to spend the necessary labour for it. Sesbania aculeat&, which 
was used for green manuring is a common weed in this tract, which grows luxuriantly 
even under wet conditions in cot.ton fields. This plant has long been in use for 

. green manuting in Madras and Bengal. During the first two years, the necessary 
quantity of green manure was brought from surrounding grass·lands. This source 
though quite adequate for experimental purposes, would be insufficient for use on 
a large scale. The first step was, therefore, to grow a. crop of Sesbania aculeata., 
locally known. as ,iW, in situ with cotton for using the same as green manure 
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on the same land. This was done in 1921-28 by sowing broadcast ·the seed along 
with cptton. 

The green manure crop grown in situ, grew luxuriantly but the cotton plants 
got smothered and grew lanky. The green-manure crop was uprooted and incorpo· 
rated with the soil in furrows. Being thus exposed to the SWl, the cotton plants 
~oppcd all their leaves owing to a sudden change in their environment. New growth 
was steadily put on, though its every phase was seriously delayed. The plants 
failed to grow to their normal stature and remained small in their size. The yield 
was, therefore, less than that of the control plants. 

In another plot, green-manure (Sesbania aculeata) brought from outside area 
was llsed during the last. week of September at the rate of 10,000 pounds per acre. 
This was incorporated with the soil at the depth of 45 to 67·5 cms., in the midst 
of furrows made six feet apart. Determinations of soil moisture, nitrous and nitric 
nitrogen in this layer were made every fortnight commencing from 19th December, 
that is, after twelve weeks from the time of application. The results of soil analyses 
in the furrows are given in Table No. 150. Similar data for the control plot are 

TABLE No. 150. 

Nitrogen and moisture contentB in the Boil at the depth of 45 to 67·5 ems. 
(Results expressed on oven-dry basis.) 

Plot receivmg green manure. I Control. 

Period ending Nitrous and Nitrous and 

Moisture nitric nitrogen Moisture nitric nitrogen 

per cent. in m. grms. per per cent. in m. grms. per 
100 grms. of the 100 grms. of the 

soil. soil. 

19th December. 1927 .. 26·09 0·161 

I 
24·33 0·118 

2nd January. 1928 .. 23·93 0·205 22·88 0·183 

.16th January .. .. .. 25·31 0·307 25·63 0·091 

30th January .. .. .. 26·10 0·133 24·84 0·059 

13th February .. .. .. 23·75 0·106 23·09 0·058 

27th February .j .. .. 24·18 0·246 23·89 0·143 

12th March .. .. .. 20·93 0·338 21·65 0·077 

also reported in the same table. Nitrous and nitric nitrogen were at a .hlgh~r 
level in the plot. receiving the green manure. The moisture percentage ill this 
plot was, however, almost the same as that in the control. The cotton crop treated 
with green manure developed dark green colour and yielded more flower-buds, 
flowers and bolls per plant. On an average the number of mature bolls per plant 
.increased by seventeen per cent. 

An attempt was made this year to ascertain the relative merits of some plants 
suited..for .green manuring. Four leguminous plants were. selected. These were, 
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Sann (Crotolaria. juncea), Udiil (Phaseolus radiatus), wild indigo (Indigofera gran. 
dulosa) and ikad (Sesbania. aculeata). These were grown in a separate plot. The 
crop of sann was not healthy and the plants were less succulent and more fibrous. 
Udid also did not grow well. Wild indigo grew rather slowly. This crop, however, 
was quite healthy and developed root-nodules extensively. Sesbania. aculeata 
(ikad) was found to be the fastest grower in the lot. Excepting Sann, the remain. 
ing three crops were uprooted and transferred to three different plots in the experi. 
mental area. where they were incorporated with the soil in furrows between ridges 
carrying the cotton crop. All these three types of green manure showed beneficial 
effect on the yield of the cotton crop as will be seen from the results given in Table 
No. 298 in the Appendix. The last two types of plants (indigo and ikad) are more 
suited for green manuring in. the Broach tract, as they produce more organio 
matter in the same period of growth. 

Attention was concentrated in the following year (1928-29) on two mainiRsues, 
namely, (a) growing green manure crop in situ without injuring the cotton plants 
by crowding and- shading, and (b) making the green matter more effective. The 
green manure crop was raised this year in strips of two feet, in furrows between the 
ridges spaced four feet apart on which cotton was grown. The green manure crop 
was thus one foot away from the cotton plants. It was also uprooted earlier (16th 
August) than in the previous year before it was too tall to shade the cotton rows. 
The weight of green matter obtained was about 5,000 pounds per acre, the whole of 
which was incorporated with the soil in furrows made by a McCormick cultivator. 

The disadvantages of raising the green manure in situ experiencE'd in 1927-28 
did not appear this year. The cotton plants grew quite normally in all respects. 

Observations in the preceding year indicated that the green manure crop 
competed during its growth with cotton seedlings. With a view to overcoming 
this difficulty, the cotton rows were fertilized with a small dose of nitrogen at the 
rate of 121 pounds of nitrogen per acre as sulphate of ammonia. 

An attempt to increase the usefulness of the added green matter was also made 
this year by (1) charging the green manure with a dressing of twenty-five pounds 
of nitrogen alone per acre as nitrate of soda and (2) by adding the same quantity 
of nitrogen in combination with fifty pounds of phosphoric acid per acre as super· 
phosphate. These quantities of nitrogen were in addition to the twelve·and-a· 
half pounds given to the plants during the seedling stage. 

These treatments were tried on a plot scale in three replications. The area 
of each plot was three cents excluding a row of plants all round. The results of 
yield are given in Table Nos. 283 and 299 in the Appendix. Although the 
addition of twenty-five pounds of nitrogE'n to green manure enhanced the yield 
appreciably over the plants without any treatment, it was not possible to draw any 
conclusion in the absence of a suitable control receiving a dose of twenty. five 
pounds of nitrogen alone. The addition of phosphoric acid to nitrogen in 
combination with green manure, showed no advantage whatever. 

Further work on green manuring, particularly with reference to the methods 
for its quick decomposition so as to make it more effective during the year of its 
application, involves a critical laboratory and field study. It was not possible for 
us to devote more attention to this subject owing to increased work in other direc. 
tions. The problem of building up steadily the nitrogen fertility of the soil by 
green-manuring, is a problem that needs a. long-range-research. InvestigatioIlll 
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on the lines referred to above, hold out a great promise of success. This expectation 
is based on the results of an experiment on the application of farm-yard manure 
in cotton years, conducted by the Bombay Agricultural Department at the 
Agricultural Station, Surat. Plants were grown at a distance of every two feet on 
ridges 14 inches high, the ridges themselves being five feet apart. Farm-yard 
manure was applied in furrows prior to sowing. The results are reproduced below 
from the records of the Agricultural Station, Surat. 

TABLE No. 151.* 
Yield of cotton in lba. per acre, alwwing the cumulative effect of addition of farm-yard 

manure in cotton years. 
(Average of duplicate plots.) 

Plot A. Plot D. 

Cotton year. Addition of ten tons Per cent increase. of farm· yard manure Control. 
per acre in alternate (Without manure) 

years. 

1932-33 " " " .. 757 660 14·7 

1924--25 " ." " " 1,153 1,000 15·3 

1926-27 " " .. " 585 431 35·7 

1928-29 " " " .. 1,137 635 79·0 

These results show that with regular additions of farm-yard manure at the 
rate of ten tons per acre in alternate years, the yields of cotton go on steadily in
creasing from fifteen per cent. to seventy-nine per cent. They, further, suggest 
that addition of organic matter in the form of green manure activated by some 
means, may also steadily increase the fertility of the soil. 

The supply of farin-yard manure in -any tract is bound to be limited and hence 
other sources of organic matter such as green manure, compost, poudrette, etc., 
must be tapped. Most of the organic matter bclonging to these sources is, at 
present, generally neglected. 

C.. SUBJECTING THE PLANT TO VARIOUS MANIPULATIONS. 

With a view to study its growth behaviour and final performance under a 
variety of conditions, the cotton plant was subjected to such manipulations as 
de-foliation, de-budding, de-floration, de-fruiting, stem-ringing, root-pruning, etc. 
These experiments will now be given in the order named. 

r. DE-FOLIATION. 

During the first year of the investigation on the causes of bud and boll-shed
ing, de-foliation was carried out to various degrees on the unprote?ted plants. 
The details of this experiment and the results obtained therefrom are gIven below. 

(a)· Complete de-foliation. 
All leaves on a set of five plants were removed on the 8th ;F~bruary.I924, 

when the spotted boll-worm was the least active. The plants were SItuated !n one 
of the border rows of a field plot and had in all 485 buds together, at the tIme of 

.• The authors are indebted to the authorities concerned for the privilege of using the data. 
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de~foliatiori (Table No. 300 in the Appendix.). The result of the wholesale removal 
of leaves was seen during the period between the third and the sixth day from the 
date of the operation when 430 forms (88·6 per cent.) dropped down. Observation 
~howed that all the flower-buds without exception and all the young bolls were cast 
off by the plant. It was only the bolls comparatively advanced in their growth 
that survived and remained apparently unaffected. 

(b) PartiaZ de-foliation. 

Partiai removal of leaves was carried out in several ways by removing leaves 
from such parts of the plant as the upper half, lower half, side half, etc. In each 
case five plants in border rows were selected and partially de-foliated on the 18th 
FebruarY,1924. The results (Table No. 152) obtained indicated that the extent of 

TABLE No. 152. 

Performance of unprotected pZantR under de-foliation. 

(Total of'five plants.) 
- . 

Number of reproduc-
Sheds after the Operation. tive organs on the 

operated or un· operation. 
operated parts. 

Removal cif all leaves from a side- 263 200 
half of the plant. 

The other not operated half •• 171 69 
Removal of all leaves from the 393 278 

upper hall of the plant. 
The lower unoperated half .. 222 96 
Removal of all leaves from the 182 138 

lower half of the plant. 
The upper unoperated half .. 237 96 

Per cent ahed· 
ding. 

76·04 

40·35 
70·73 

43·24 
75·82 

40·51 

bud and boll shedding was appreciably. higher in the de-foliated than in the 
non-de-folia.ted parts of the plant. 

There is thus a close relationship between leaf surface lind the Buccess of 
fruiting forms. Complete or partial de-foliation leads to & corresponding reduction 
in the daily output of elaborated plant food and occasions & hea.vy shedding of 
.buds and fruits. These observations are in harmony with those made by Eaton 
(1931). According to him, the number of bolls that can mature on the plant is not 
only related to favourable conditions of environment but is also directly related to 
~he le",f area of the plant. The above results indicate in no uncertain manner that 
the pla.nt -endeavours to meet internal food-deficiency by decreasing the number 
-of feeding forms. 

II. DE-BUDDING. 

" De-budding experiments were carried out on protected plants in the years 
1930-31 and 1931·32. After cessation of rains, all the flower-buds that were visiMe 
-on the plants were removed once a. week. In both the years, de-budding was 
carried out for four different periods in four sets of ten plants each. In 1930-31, 
however, the last set hlld pnly five plants owing to an accident to the othl'r five. 
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. The effects of this operation on the periodical and total production of flower-buds 
are shown in Table No. 153. 

TABLE No. 153. 

Periodical and total average production of flower-buds on plants subjected to 
de-budding for various weeks. . 

1930-31. 

Set I. Set II. Set III. Set IV. Set V. Set VI. 
Pruning done for weeks. (Control). a weeks. 6 weeks. n weeks. 15 weeks. 19 weeks. 

Pruning done up to .. .. 31st Oct. 4th Dec. 1st.Jan . 29th Jan. 

Period ending 
3rd October .. 25·6 Not tried. 24·3 22'3 24·1 30·0 

31st October .. 137·0 Do. 95·7 122·3 102·3 97·6 
18th November .. 86·9 Do. 132'9 212·6 200·9 151·0 
26th December .. 5·1 Do. 75'5 159·6 179'6 186·0 
23rd January .. .. Do. 0·2 60·9 157·3 139·2 
20th February .. .. Do. . . . .. 12·0 162·2 
20th March .. .. Do • .. .. . . 19·6 

Total buds produced .. 254·6 Do. 328·6 577·7 676·2 785·6 
Total buds pruned .. .. Do. 86·1 273·0 479·6 532·0 
Difference .. .. 254·6 Do. 242·5 304·7 196·6 253·6 

1931-32. 

Set I. Set II. Set III. Set IV. Set V. Set VI. 
Flower·bud pruning 

done for weeks. 
(Control). 3 weeks. 6 weeks. 10 weeks. 14 weeks. 

Flower·bud pruning ilith Nov. 3rd Dec. 31st Dec. 28th Jan. 
done up to 

.. 

Period ending 
1·3 Not tried. . 1st October .. 5·9 2·3 0·9 0·9 

22nd October .. 33'5 28·7 18·2 17·1 'i9·9· . Do: 
29th October -- 27·9 14·4 13·8 17·8 26·6 Do. 
5th November .. 23·1 27·5 23·2 16·0 16·7 Do. 

12th November .. 37·1 .34'8 29·3 29·5 36·2 Do. 
19th November .. 41·5 55'9 44·3 40·0 53·2 Do. 
3rd December .. 94·5 87·5 122·0 85·7 111·3 -no. 

31st December .. 74'9 121'8 .186·7·· 218·8 224·2 Do. 
27th January .. 0·8 .. 54'() 149;6 231·8 Do. 
25th February ... .. .. .. 16·2 137·9 Do. 
11th March ... .. .. .. .. . .. . 20·9 .Do • 

.. 

Total buds produced .. 339;2 372·9 492;4 591·6 880·0 Do. 
Total buds pruned .. .. 42·3 129·7 260·5 576·9 Do. 
·Difference .. 339r2 '. 330·6 362·8 331·2 303·1 .:Do • .. .. , 



The res~lU.iJ of both the yea.rs Were conSistent in many respects. Comparing first 
the final performa,nce in the difierent &ets, it is seen that total production of flower. 
buds went on rapidly increasing with the inClrease in the period of pruning. This 
means t.hat if the plant is not allowed to retain and develop any (If its flower.buds 
by. artific~al removal, it gives rise to new flower·buds and thereby recuperates the 
loss. The noteworthy feature of this recuperating power is that although an 
increasingly large number of flower-buds is removed in the diffE'rE'nt sets, thf' new 
production after stoppage of the operation in each set is almost the samft and equal 
to that in 1;he control. This is more striking in the year 1931.32. The results 
further indicate that de.budding lowers for some time the rate of ncw production 
of flower-buds as compared with that in the control. Later on, the rate riRes ant) 

. becomes more intense as the period of operation is prolonged. 

Continued de-budding increases the production of· flower-buds and incidentRlly 
that of the subtending leaves. As these leaves remain on the plant when the flower. 
buds are removed, the increased leaf-surface (Plate Nos. 11, 12,13 and 14) leads to 
a greater output of elaborated plant food and raises, in consequence, the rate of 
flower-bud production. 

(a) Effect of de·budding on the production of vegetative bud8. 

Total number of vegetative buds produced per plant in the different sets is 
shown in Taple No. 15:4. Periodical production is sh9'wn in :Table No. 301 in the 
Appendix. 

'l'ABLE No. 154. 

Total number of vegetative bud8 in various 8ets 0/ de-budded plant~. 

(Average results.) 

1930·31. 

Set I. I Set II. I Set III. I Set IV. I Set v. I Set VI. 
(Control). 3 'Weeks. 6 weeks. 11 weeks. 15 weeks. 19 weeks. 

Number of vegetative 232·1 Not tried. 262·4 348·6 382·8 428·8 
buds. 

Ratio of vegetative buds 0·91 Do. 0·80 0·60 0·57 0·54 
to flower·buds. 

1931-32. 

I (Control). I 3 weeks. I 6 weeks. 110 weeks. I If weeks. I 
Number of vegetative· 326·3 359·0 427·7 413·2 634·2 Not tried 

bud'!. 

Ra.tio of vegetative buds 
to flower· buds. . 

0·96 0·96 0·87 0·70 0·72 Do. 



PLATE No. 11. 

Plant scaffoldl~n(J in protected plants 'where flower-buds were remo'ved ujeekly'Up to the end of November, 1931. 

For Control see Plat-eNo. 14. 



PuT. No. 11. 
Plant «4l1old,WJ 'n protedt4 pl4nta ",lure jlOllJ8r.hd& wera remollttl up to 1M eatl oJ Dec.hr. 1.,1, 

For Control see Plate No. 14. 



PLATE No. 13. 

Plant scaffolding in protected pZnnts where flowe1o-bud8 were 1·emoved up to tke end of Jan'l.targ, 1932. 

-- - ' For Control see Plate No. 14. 



PLATE No. 14. 
Plt.mt M»J/oldiflg in protected plan/a, aerving (J8 controZ to tAoae WMre flower-buY wen retI'IGVMI.,,. . 

the end of November, December and JanuMY, 1988. . 
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As in the case of flower-buds, the number of vegetative buds also increases d,S 

the operation of de-budding is prolonged. The net result is to increase the number 
of leaves and thereby the daily output of elaborated plant-food. 

An idea of the degree of st.imulus given to the production of the two Idnds 
of buds,-vegetative and reproductive-can be had from the figures of the ratio 
of the number of vegetative buds to flower-buds. The ratio tends to decline, 
indicating that the plant utilises its energy to a greater extent in the production 
of flower-buds as the operation of de-budding is prolonged. 

(b) Effect of de-budding on flower-production. 

Although a large number of flower-buds are incepted after the stoppage of de
budding, the plant is unable to retain all of them and develop into flowerR. The 
number of flowers produced per plant in the different sets is given in Table No. 155. 

TABLE No. 155. 

Average production of flowers in plants subjected to de-budd-iny for 1Jarious periods. 

1930-31. 

I Set I. I Set II. Set III. 
(Control). 3 weeks. 6 weeks. 

I 
INot tried. Number of flowers 

perl 
96·7 117·9 

plant. 

I (Control). I 
Number of flowers perl 139·2 

plant. 

1931-32. 

3 weeks. 6 weeks. 

140·9 167·3 

I Set IV. I 'Set V. I Set VI. 
11 weeks. 15 weeks. 19 weeks. 

I 

148·7 

I 

116·3 l 82·8 

110 weeks./14 weeks. I 

1167.1 1168'3 INot tried. 

In both the years, removal of flower-buds for varying periods up to fourteen 
weeks, benefited the plant in the production of flowers. the number of which was 
always greater than that in the control. In 1930-31, however, when the operation 
was carried too long, i.e., for nineteen weeks, the result was slightly unfavourable. 
In the sam~ year, the number of flowers produced in the fifteen· weeks-set waR less 
than in the eleven-week.'l-set, but this seems to be due to the number of flower-buds 
being comparatively less in this set. 

Records of daily flowering were maintained in all the sets in the two yea~s 
of the experiment. Weekly averages based on t.hese figures are reproduced In 

Table Nos. 302 and 303 in the Appendix. These are shown in the Graph No. 59. 
The general nature of the flowering curves in both the years in the differentc~mparable 
set.s was very similar. The rate of flowering got .inten.'1ified and the flo,!ermg curves 
assumed steeper forms as the period of de-buddmg was prolonged. T~lB was pa.rtly 
a reflection of the intensified flower-bud production in the respt'ctlve sets and 

SO 



ORAl'H No. 59. 

Weekly average production 01 flowers and relative boUs in protected plant. 
8ubjected to de-budding lor vQ.ri0'U8 periods. 
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partly a result of th~ comparativel! shorter time taken by flower-buds to grow into 
flowers as the operatIon of de-buddmg was prolonged. This will be evident from the 
data in Table No. 156. From the same table and from the foregoing flowering curves, 

TABLE No. 156. 

Interval between steppage oj de-budding and commencement oj flowering and the span 
of flowering period in the de-bu.dding experiment. 

1930-31. 

, (c~:~r~I).1 Set 11·1 Set III. I Set IV., Set v·1 Set VI. 

Interval in weeks between stoppage .. Not 5 4 4 3. 
of de-budding and commencement tried. 
of flowering_ 

Span of llowering period in weeks •. 10 Do. 6 5 5 5 

1931-32_ 

Interval in weeks between stoppage .. 5 5 4 3 Not tried. 
of de-budding and commence-
ment of flowering. 

Span of flowering period in weeks •• 9 7 6 5 5 Do. . 
it will be seen that the span of flowering became shorter as the period of bud
pruning was increased. These characteristics of the flowering curves again lend 
support to the view that the larger leaf surface created as a result of de-budding, 
increases the supply of elaborated plant-food in the plant and most of this is at 
the disposal of the newly set flower-buds and hence their growth in larger numbers. 

Counts on flower-bud formation were of longer intervals and, therefore, weekly 
data on this subject are not available as in the case of flowers. Even then a com
parison between flower-bud formation, flowering and successful boll setting from 
flowers of the respective weeks (Table Nos. 302 and 303 in the Appendix) shows 
that as the flowering and boll setting rise, flower-bud formation declines and in 
many cases ceases when most of the bolls are set on the plant. This indicates a 
competition for food in the plant. 

(c) Effect oj de-budding on boll production and on the yield oj seed-cotton per boll. 

The number of bolls and weight of seed-cotton produced per plant in the 
various sets are reproduced in Table No. 157 for the two years. The same table 
also contains information on the sun-dry weight of plant scaffolding. 

Although the loss of flower-buds caused by pruning was made .up by f.1ew 
produotion and although the number of flowers increased as a result of thIS operatIon, 
these benefioial effects did not extend further. There was on the oontrary, a tendenoy 
for the boll produotion to go down. In no set was the number of bo~ equal to 
that in the oontrol. Further, the yield of seed-oo~ton per boll also declined as the 
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TABLE No. 157. 

Final average :perJdrmance oJ protected plant8 underjlower-bud pruning ezperimenll. 

1930-31. 

N umber of bolls .. " .. 

eight" of seed-cotton in grms. .. w 
W eight of seed-cotton per boll in 

grms. 

W eight of plant-skeleton in grms .•• 

Seed-llotton 
Ra t.io .. " .. 

Plant'weight 

, , 

Number Of bolls .. .. .. 
Dry weight of seed-cotton in ~B. 

Weight of seed-cotton per boll in 
grms. " 

Dry weight "of p1ant skeleton in grmB. 

Seed-cotion 
Ratio: ' " 

, " '1 .. 
Plant weight 

'(C~t~l.)' Set II., Set III. I Set IV., Bet V. , Bet VI. 
-

46·3 Not" 33'4 43·4 34·8 20·8 
triud. 

84·40 Do. 70'95 79·35 48·67 22·20 

1·8 Do. 2·1 1·8 1'4 1·1 
, , 

46·85 Do. 48'50 71·10 76·30 73'20 

1·80 Do. 1'46 1·11 0·64 0·30 

1931-32. 
" 

54·7 45'5 51'0 43·1 41·1 No. 
tried. 

98·80 ' 91·15 94·44 70·65 68·65 Do. 

1·8 2·0 1'9 1·8 1·7 Do. 

55·95 58·75 72·28 80·85 120·20 Do. 

1'77 1·55 1~31 0·87 0·67 Do. 

de-budding operation was prolonged. These growth-behaviours indicate deficiency 
of food supply in the plant. This might be the result of the boll-development. period 
being ca.rried too far beyond the usual time, when both the soil and the aerial 
,environment become unfavourable for formal growth. 

(d) Effect 'of de-budding on root and shool growth. 
Sun-dry weight of the plant skeleton given in Table No. 157 increased consider

ably as ~he period,of de-buddiilg was extended. This was more marked in the year 
1931-32., It was however, natural, as during the process of recuperation of removed 
fl.ower~b'Uds the plant was obliged to increa,,,ejts scafiolding. (Plate Nos. n, 12,13 
andU.) , , 

These effects were also reflected on the growth of roots which steadily went deeper 
into the soil a.nd grew thicker as, the period of flower-bud pruning was prolonged. 
(Plate NoS. IS, 16,17,18 and 19.) It may be recollected that the weight. of roots of 
plants grown lmder damage by the"spotted boll-worms which augment flower-bod 
shedding is nearly double that of the protected plants (page 165) and that the roots 
of the former also penetrate deeper into the soil. The behaviour of roots of plants 



PLATE No. 15. 
Root sy8tem of protected plants where flower-buds were removed weekly up to 12th November, 1931. 

For Control see Plate No. 19. 



PLATE No. 16. 
Root system oj protected plants where flower-buds were removed weekly up to the end of November. 1931. 

For Control see Plate No. 19. 



PLA.TllI No. 17. 
~oot 81JBtem of protecterlplaln.ts where flower-buds were removed weekly 'Up to the end of December, 1931. 

For Control see Plate No. 19. 



PLATE No. 18. 

Root system of protected plants where flower-buds were removed weekly 11p to the end of January, 1932. 

For Control see Plate No. 19. 



PLATE No. 19. 

Root system of prqtected plants serving as control to those in Plate Nos. 15, 16, 17 and 18. 



231 

under de-budding experiments is also of the same type. If flower-buds are not 
allow~d to remai.n !l'nd grow on the plant either on acoount of their augmented 
shedding or artlfiOial removal, the products of photo-synthesis are translocated 
to the roots and utilised for mechanical purposes. The roots thus gain in weight 
and thickness, and are stimulated to go deeper by the prolonged growth of the 
shoot, consequent upon bud-pruning or bud-shedding. 

GENERAL CONCLUSIONS. 

These de-budding experiments have yielded vahlable results from physiological 
considerations as they reveal certain growth correlations in the cotton plant and 
throw light on internal conditions which determine the magnitude of production 
of flowers and bolls. 

The results unmistakably point out that the span of the life-cycle of the cotton 
plant is chiefly governed by the presenoe or absence of growing flower-buds. If 
no flower-buds remain on the plant due to their artifioial removal for various 
periods, the life of the plant is correspondingly prolonged. If on the other hand, 
flower-buds as they arise are not pruned, the plant completes its life-oycle earlier. 
Wholesale removal of flower-buds promotes expansion of plant scaffolding and 
further production of flower-buds. This behaviour suggests correlative influences 
of growth in the plant. Growing flower-buds seem to exert a retarding influenoe 
on plant expanse and flower-bud produotion. This beoomes more evident by 
the fact that the number of flower-buds produced, from the time the operation 
of their wholesale removal is stopped, on plants subjected to de-budding for various 
periods is more or less equal to that in plants not so subjected. The assooiation 
of the rising flowering curve and therefore also of the suooessfully setting bolls with 
deolining ourve of flower-bud formation in all the sets under experiment, has 
already been referred to. This indicates another correlative influence which is 
responsible for cheoking the use of food within the plant towards a oonstant 
expanse of plant scaffolding and the production of flower-buds. 

Another important observation that emerges from these de-budding experi
ments is that the magnitude of produotion of flower-buds, flowers and bolls is a mat
ter of the supply of food in the plant at every stage. As de-budding leads to increas
ed supply owing to larger leaf surface and the absence of previollsly growing-flower
buds, comparatively a larger number of flower-buds develop into flowers, the need 
per flower being small and the new leaves being at that time in the best functioning 
condition. During boll-development, however, oonditions for elaborating plant
food get less congenial owing to delayed flowering, at least in the too-prolonged
de-budded plants, and the number of bolls deolines and especially the development 
of seed-cotton in them. 

II. (A) IMITATION OF BOLL-WORM DAMAGE TO SHOOTS AND FLOWER-BUDS. 

With It view to assessing the effeots of damage to shoots and flower-buds by the 
spotted boll-worm, an experiment was started in H129-30 and carried .out for three 
years. Damage to shoots Itnd to shoots and flower-buds conjointly,. and to flower
huds alone was imitated on proteoted plants. There we~e ten plants ~ each set, the 
controls being separately provided. Before commencmg th~ op.eratIon, pr~t~t.ed 
plants were paired with those unprotected according to t~e'r VIgour to mIrumlse 
individual diiferences. The degree of damage on the paIred unprotected plants 
was then imitated once a week on the protected plants selected for the purpose. 
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(a) Effect oj damage to 81wot8 alone. 
The spotted boll-worm damages the plant in its shoot at 30 to 40 places. A8 

imitation of this damage specially at all the minor points was not possible, pnming 
was restricted to the main shoot, limbs and auxiliaries of the first order. On an 
average more than nine shoots were pruned per plant. The results of the three 
years ('rable Nos. 30l to 306 in the Appendix), though not consistent on a quanti
tative basis were flufficient to indicate that even with moderate degree of shoot prun
ing, there was a tendency for the number of vegetative buds to increase and for the 
number of flower-buds, flowers and bolls to decrease. The magnitude of flowering, 
however, was very small and in several case!'! might faU within the range of experi
mental error. It may be noted that damage to shoot.s alone to an extent to which 
it was carried out in the present experiments, did not delay flowering. (Grllph 
No. 60 and Table Nos. 307 to 309.) 

GRAPH No. 60. 
Flowering in protected plant8 subjected and not lIubjccted to 8hoot damagt!. 
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(b) Effect oj damage to JWwer-b1.l.da alone. 
Damage to flower-buds by the spotted boI1·wonn in the unprotected plants 

was imitated by removing flower-buds from the protected in fluch a manner as to mak.e 
percentage shedding in the t,wo sets equal at all times during the Beason. In addi. 
tion to natural shedding, on an average 121, 113 and 160 flower-buds ~ere pruned 
per plant from time to time in the years 1929, 1930 and 1931 respechvely. 'Fhe
result of imitating the damage to flower-buds was to increase flower-bud production, 
the magnitude varying in the three years. This eRect waS similar to that of 
wholesale de-budding described before. 
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TABLE No. 158. 

Effect of imitating damage to flower-buds by the cpotted boll-worm. 

Increase or decrease over control per plant. 

Year. Vegetative Flower-buds. Flowers. Bolls. Seed·cotton. buds. 

No. % No. % No. % No. % No. % 

1929-30 .. •. --'-19 -6·7 12 4·5 -73 -50·9 -16 -35,5 -3.2 -35,1 

1930-31 .. •. -29 -12·5 61 23·9 -11 -11'9 -17 -37·8 -22 -27·1 

1931-32 .. .. 55 54·0 192 66·6 -5 - 4·4 .. .. 6 7·7 

Pruning of flower-buds after the manner of the spotted boll-worm, however, 
did not enhance flower production as in the case of wholesale de-budding but on 

GRA.l'H No.6l. 

Flowering and relative bolling in protected, unprotected and bud-damage-imitated 
plants. 

(Average performance.) 
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----- Flowe .. ope"jn9. 



the contrary decreased it considerably. In lespect of t·he proouction ot flowers 
and mature bolls, these plants resembled the performance of unprotect.ed plants. 
This will be evident by a. reference to the flowering curVeS of protected and un
protected plants and thoRe of protected plants subjected to imitation of damage, 
shown in Graph No. 61 and Table Nos. 310 to 312 in the Appendix. Lowering 
in the efficiency of flower and boll production has, therefore, to be ascribed to differ
ences in the manner of pruning. In the whole!l8.lc de-budding expcriments the 
plant remains undisturbed once de.budding is stoppt'd and further no flower-buds 
are left on ~he plant during the period of the operation. In the damage-imitation 
experiments, on the other hand,. some flower-buds always escape pruning and grow 
steadily though bud-pruning happens to be in constant progress. It has already 
been stated that gro"ing flower-buds exert a retarding influence on further ex
pansion of the plant and also on the production of flower-buds. It is probably 
the effects of this retarding influence that secm to prevent increase in It'af surface 
proportional t,o the nnmber of flower-buds removed. 

(c) Effect oj damage to shoots and flower-bOOR conjointly. 

The effects of imitation of damage to shoots and flower-budA together were 
more or less of the same nature and intensity as those of imitation of damage to 
flower-buds alone. 

CONCLUSION. 

These experiments conclusively show that the main cause of the low efficiency 
of unprotected plants in regard to flower and boll production, is the continued 
da.mage to flower-buds, damage to shoots being of minor importance. It is indi
cated that partial escape of flower-bud,. from pruning retards full production of 
flower-buds and leaf surface in proportion to the magnitude of bud·pruning and 
reduces thereby the supply of elaborated fO'Jd in the plant with the reRult that both 
flo'\\-er and boll production decreaseI'!. 

II. (B) EFFECT OF WHOLESALE DE-BUDDING ON A SINGLE DAY AT DIli'FERENT 
STAGES OF PLANT GROWTH. 

It is a common experience in the Broach tract that long period.'I of cloudy 
days terminating in rain, art' followed by a heavy shedding. The year 1930-31, 
experienced such a condition in the last week of October when an unusually heavy 
shedding of flower. buds occurred. This heavy drop of buds caused a gap in the 
march of flowering and the flowering curve becanle bi·modal. (Graph No. 61.) 
The question therefore arose as to whether the augmented shedding which lome
times occurs owing to such and other causell, lowerl'! the efficiency of the plant for 
flower and holl production and reduces thereby the final yield. 

In 1931-32; therefore, experiments wcre carried out on protected plants in ,,-hich 
three sets of ten plants each, were subjected to whole.'1ale pruning of flow(''l'·buds 
on a single day. In the first set, all flower·buds were removed on 4th December 
when the plant had produccd ten flowers. In the secontl Sf."t, the operation was done 
a fortnight later. Theseplanti had opened on an average thirty·six 60"'els by 
this time. A fortnight hence, plants in the third set were I;uhjected to wholesale 
de. budding, there being on an average eighty. one Bowers per plant. T.lle number 
of flower. buds removed in the three sets were 108, 101 and 58 respectively. The 
results are given in Table No. 159.-
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TABLE No. 159. 

Effect of wholesale de-budding on a single day at different stagUJ of plant growth_ 
(Average results of ten plants in each set.) 

Date of wholesale de-budding. 

Number of flower· buds per plant before the como' 
mencement of the experiment on 3-12.31. 264 I 241 

I Set III. I 
18th Dec. 

210 

Growth in terms of various organs on the day of operation in each set 

Flower.buds {Control .. .. .. .. .. 264·0 300·0 
Treated .. .. .. " .. 241·3 260·4 

Flowers 'C Control .. " .. .. .. 9·1 41·3 
t Treated .. " .. .. .. 10·4 36·0 

Relative successful bolls { Control .. .. .. 7·5 31·6 
Treated " .. " 9·4 28·0 

New growth after the operation till the end of the season. 

Flower-buds removed at the operation •• 
New flower·buds formed •• " " 

ew flowers formed .. .. N 
N ew bolls formed from the above flowers 

.. .. 107·8 .. .. 154·8 .. .. 129·2 .. .. 47·7 

Total final production per plant. 

Vegetative buds 326·3 343·8 
Flower·buds 339·2 396·1 
Flowers 139'0 139·6 
Bolls 54·7 57·1 
Seed-ootton in grms. (Sun-dry) 98·8 105·6 
Sun-dry weight of plant scaffolding 56'0 68·1 
Ratio of seed-ootton to body weight 1'77 1·55 

101'4 
81·0 
53·1 
29·1 

317·1 
341·4 
89·1 
57·1 
97·3 
49·7 

1'96 

Set IV. 
1st Jan. 

221 

338·4 
282·9 
89·7 
81·5 
53·6 
48·2 

51·7 
0·6 
0·2 
0·2 

283·1 
283·5 
81·7 
48·4 
83·1 
48·7 

1·71 

The data in' thtl above table show that control plants were slightly superior 
to treated ones at the beginning of the experiment, particularly in the third and 
fourth sets. The effect of the operation on different plant characters may now 
be discussed. 

. Effect on the production of flower-buds. 
In the first set in which de-budding was done pretty early ill the Beason (4th 

December), new production of flower-buds exceeded the number of buds removed. 
On this account, the total number of flower-buds produced in the season including 
those pruned was more than in the control. In the second set, recuperation was 
inadequate. Whereas the number of buds removed was 101, those produced anew 
numbered only eighty-one. In the third set, there was no recuperation although 
51 buds were removed. This shows that the power of recuperation of flower-buds 
lost either by pruning or shedding, rapidly declines as the age of th) plant advances. 
The factor which determines the degree of recuperation seems to be the number of 
growing bolls on the plant, on the day of removal. If the. heavy loss occurs at 
the commencement of flowering, when the number of growmg bolls on the plant 

31 



is very small as in the case of Set II, the plant produces more flower-buds than those 
removed. If the number of bolls on the plant is more and de-budding is done when 
the plant has produced nearly one-third of the total number of flowers during the 
sea.~on, recuperation of buds is moderate and inadequate to recoup the whole 1081 
and so on. These experiments clearly bring out the correlative influence of growing 
bolls on the production of flower-buds, and consequently on the vegetative 
expansion of the plant. 

Effect on flower production. 
Flower-production is. not adversely affected if de-budding is done at the com

mencement of flowering as in the first set. If it is done later, the number of flowers 
declines (139 versus 89), owing perhaps to a less recuperation of flower-buWl. 

Effect on boll production. 
The number of mature bolls per plant in the different setl varied to Bome 

extent; but the differences were not statistically significant as will be seen from 
the following calculations. (See Ta.ble No .. 313 in the Appendix.) 

TABLE No. 160. 

Test oj significance oj bolls per plant in the experiment oj wholesale 
de-budding on a Si1.gle day. 

1931~32. 

Flower-buds removed on Set I. I 
(Control.) 

Set II. I Set III. I Set IV. 
4th Dee. 18th Dee. 1st Jan. I Mean of I all. 

Average number of bollB.1 54'7 57·1 I 57 .. 1 I: 48'4· I 54·3 I 
Analysis of variance_ 

B.D. 

75'76 

Due to_ Degrees of I Sum of ~uan.·1 Mean~uare. freedom. 

Between treatments 3 499·1 

Within treatments 35 8702·3 

Total 
", 

38 9201·4 

The standard error of comparison of two treatment means = 7·05 
Value of" t" (for P=0·05 and n=35) = 2'03 
.'. The value for a significant difference between any two 

treatment means _. .. .. • _ _ .=14·3 
Oonel1.l8icm.-None of the treatments are significant. 

166'4 

248·8 

These results emphasise the nutritional dominance of the growing bolls. As 
the number of bolls on the plant when de-budding is carried out increases, the re
cuperative capacity of the plan~ steadily falls .. Thus in the first ~t when only 
nine bolls were present at the tlme of de-budding, the plant gave rlSe to 129 new 
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flowers. In tbe second set, the plant had twenty-eigbt bolls wben de-budding was 
done. In tbis case, tbe number of flowers formed after tbe operation, did not ex. 
ceed fifty-three. In the last set, as many as forty-eight bolls were feeding .on tbe 
plant at tbe time of de.budding and as a result furtber production of new reproduc. 
tive forms practically ceased. The channel of utilization of growtb-building 
material at every stage of plant growth is tbus determined by the nutritional 
dominance of one organ or the other at that time. 

CONCLUSION. 

As the experiment was carried out only for one year it may provisionally be 
concluded that heavy blld-shedding at one time does not lead to tbe reduction of 
mature bolls. 

III. (a) DE-FLORATION. 

De-floration experiments were carried out in 1930-31 and 1931-32~xactly in 
the same manner as those on continued de-budding. Flowers were removed daily 
from protected plants for various weeks in the two years. In 1930-31, there were 
five plants in each set while in the following year, the number of plants was 
increased to ten in each set. The results of these experiments are given in Table 
No. 161. 

TABLE No. 161. 

Results oj de-floration experiment. 
(Average production of flowers and bolls per plant.) 

1930-31. 

Set I. [ Set II. 

I 
Set III. 

Number of weeks lor which flowers were pruned. (Control). 2 5 

Date up to which flowers were pruned. I 16th Nov. I 7th Dec. 

Number of flowers pruned •• .. •. .. 
I 

41·0 65·8 
Number of flowers bloomed after stoppage of .. 118·2 111·6 

the operation. 
Total number of flowers •• .. .. .. 108·2 

I 
159·2 177·4 

Ripe bolls •• .. .. .. " . . 42·8 30·8 38·6 

1931-32. 

Set I. I Set II. I Set III. 
Number of weeks for which flowers were pruned. (Contro!.) 2 4 

I 
Set IV. 

7 

I 21st Dec. 

92·2 
85·2 

177·4 
36·4 

I 
Set IV_ 

6 

Date up to which flowers were pruned. I 13th Dec. I 27th Dec. I 10th Jan. 

Number of flowers pruned ". .,. •• .. 35·8 91-0 109·3 
Number of flowers after the stoppage of the .. 134·7 105·3 68-1 

operation. 
121·8 170'0 196·7 177-4 Total number of flowers •• .. .. .. 

Ripe bolls •• . . 47·2 52·3 47·0 33·8 .. .. .. .. 
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It will be evident from -the above table that de-floration for varioua period a 
-leads to an increase in the total production of flowers. Further, there ia a tendency 
for the number of flowers to increase as the period of operation ia prolonged. 
Thia means that if flowers are pruned as they are formed, the plant recuperatea 
the loss by new production, the extent of recuperation depending upon the stage 
of plant growth. It may be noted that the effect of continued de-floration on the 
production of bolls was other than identical in the two years. Whereas, in 1930·31, 
the number of ma~ure bolls in all the sets had been lower than that in the control, 
they exhibited a tendency during the next year to remain constant and almost equal 
to the control in spite of the fact that pruning was carried on for four weeks 
that year. Probably, the effect of de-floration on boll production was governed 
by nutritional factors in the soil. 

, GRAl'H No. 62. 
Average weekly production '0/ flower8 and the number 0/ mature bolls rflB'lllting 

there/rom (relative formation) in different sets 0/ de-jlorated plants. 
Protected Plants. 

-:-- Flowe,i-"g ------ Relll1l.,c !:tal". 
1930-1831_ 1931-1'3l2: 

r--....;=~~--___ r---~;;.:..;=;.;.....;...-_ No. 

t 

- ~ .e!!:!.., .. ta .. .,,;:e 
Oot. Nov. Dec. ..I"... Nov. O~e. ".". 

of 
Bet 
m 

n 

I 

From the figures of daily flowering, curves of average weekly flowering in 
the several sets in the two years, are drawn in Grapb No. 62 (Table NOB. 314 and 
315 in the Appendix). It will be seen from these curves that under normal con
ditions mature bolls are derived from the flowers of the first three to four weeks 
(Contr~l plants). When these flowers are removed, the period of boll maturation 
shortens as pruning is prolonged, indicating that a. rapid utilization pi elaborated 
food occurs towards the growth and development of growing bolls on the plant. 
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III. (b) DE-FLORATION IN RELA'I'ION TO THE SUCCESS OF LATER FLOWER.<i. 

De·floration experiments were carried out in the year 1925·26 in which flowers of 
the first and second half of the flowering season were removed in two sets of field 
plants. Similarly, in tIu;ee sets ~f cage plants flowers were pruned during November, 
December and January respectIvely, Tho results of these oxperiments are gi'\"en 
~n Table Nos. 316 and 3~ 7 in the A[lpen~. :rhey sho,,- that the absence of develop
mg bolls on the plant m the early perIod, mduces the later flowers to !!row into 
mature bolls. In other words, the heavy Shedding of bolls usually -ocourri~g during 
the latter part of the flowering Beason is brought about by food deficiency caused 
by developing bolls arising from the early flowers. This view is further supported 
by the results of experiments where all the bolls existing (ID the plant were plucked 
during the flowering season and the suocess of later flowers into mature bolls 
was attained. (Table Nos. 318 and 319 in the Appendix.) 

IV. DE-FRlllTlNG. 

The effeot of de-fruiting on the growth behaviour of unprotected plants was 
studied in the year 1925·26. E'or this purpose, two sets of ten plants each, were 
selected. One of the sets was located in the interior of a field plot while the other 
was in on~ of its border rows. Suitable controls were maintained for eaoh set. 
All bolls from the plant in both the sets were removed on the lOth December, 
1925. At this time, the plants in the interior and. those in the bordcr row had pro
duced respectively sixty-three and fifty-two bolls on an average. It maybp. point
ed out that the border plants generally flower late and are more vigorous than those 
ill the inner rows, owing to extra leeding space available on. one side. 

The results of these experiments are produced in the Table No. 162. They 
TilLE No. 162. 

Final performance of unprotected plants subjected to de-fruiting on a single day. 
(Average results of ten plants in each case.) 

Number of flowers Number of Bolls opened a.fter the bolls matured Per cent. sue-
Treatment. removed per opera.tion of de- from the new cess of flowers 

plant. fruiting till the flowers. into bolls. 
end of the season. 

Plants situated in the border row. 

All bolls pruned on 10th Dec- 52 215,4 92'8 43·0 
ember. 

None of the.bolls pruned 
(Control). 

.. Nil • i91'7 57:~ 29·8 

- , 

Plants situated inside the plot. 

All bolls pruned on 10th Dee- 63 62·7 35·5 56·9 
ember. 

None of the bolls pruned .. , Nil. 51·3 5:0 9·7 
(Control). 

show that the extent of boll production from flo~ers forme~ after the date of de
fruiting was considerably greater in the de-fruIted than ~ the control plants. 
Thi~ shows the influence of existing bolls that were present on the control plants 
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ill inhibiting the growth of additional fruits from later flowers on them. lttumeek 
(1926) worked on tomato and found similar correlative influences of the developing 
fruits in ret.arding the gro'wth of ot.her organs. 

V. RINGING OF THE MAIN STEM. 

Some light on the conditions favouring flower-bud development was thrown 
by the results of experiments carried out in 1925-26. A set of five cage plants was 
selected and the bark of the main stem was ringed on the 16th September, 1925, 
leaving ab9ut four limbs at tbe bottom. Out of the five plants, four broke down 
after the operation owing to wind and only one survived. In this plant, no flower. 
buds were growing successfully till the day of the operation, but they began to show 
development few days after ringing. This continued for about three weeks when 
many of the developed buds began to shed. By this time. the bark connection was 
re-established. In spite of this fact, flowers opened much earlier and in Jarger num· 
bers. These results though of one plant are important inasmuch as they show 
that the usual m9vement of assimilates in the early stage of growth to parts below 
the ring was cut off and the food thus accumulated.led to a hastening of 'flowering 
period and raised the number of flowers formed. 

In 1927-28, this experiment was repeated on a set of five cage plants. The 
stem was ringed on 23rd November, 1927, leaving a few branches below the ring. 
'The data. obtained (Table No. 163) clearly show the effect of ringing on the lIuccellB 

TABLE No. 163. 

Periodir.al average perJormance oj ringed planta in the cage. 
1927-28. 

4th December 
11 th December 
18th December 
25th December 
1st January 
8th January 

15th January 
22nd January 
29th January 

5th February 
12th February 
19th February 
26th February 
4th March 

11th March 
18th March 
25th March 
6th April 

(Average five plants in the field cage.) 

Period ending 

Total flowers •• 
Bolls 

Average number of fiowel'll per plant 
per week. 

Ringed plants. I Unringed plants. 

0·2 
0·8 
1·0 
2·8 
'·0 

18·0 
25·2 
17·6 
13·6 
5·2 
3·8 
0·4 
0·2 

97·8 
31·0 

0·6 
0·6 
1·2 
~HI 
4'4 
'·0 

12·2 
'·4 
7'4 
5·4 
5·6 
2·4 
2·8 
1·2 
1·2 
2·0 
2·8 
0·4 

71·0 
37·2 



of flower-buds into flowers. Ringing of the main stem intensifies the rate of 
flowering. Whereas in the ringed plants, the weekly flowers formed in January 
were nine, eighteen, twenty-five, seventeen and thirteen they were nine, twelve, 
nine and seven for respective weeks in the control. Further, the ringed plants 
though they produced a larger number of flowers gave ultimately a less yield and 
finished their life-cycle earlier owing to a general hastening of plant activity. 

An()ther experiment on cage-plants was carried out this year. Ringing of 
the main stem was, however, done in this caRe below all the branches. As no branch 
was left below the ring, the supply of assimilates to roots was completely cut off. 
Root activity still continued till all reserved food in the part below the ring was 
utilized. During this time, there was a certain degree of stimulation to flower
bud development in the part above the ring. This was, however, followed by 
wilting of leaves and the plantR died soon after. These experiments convincingly 
show that the success of flower-bud'! into flowers and of flowers into bolls is 
regulated according to the sufficiency of eill.borated food within the plant. 

VI. ROOT-PRUNING. 

In addition to litem ringing, another series of experiments on cage plants was 
carried out in 1927-28. Three plants were selected and t.he roots on one side were 
pruned on 23rd November, 1927, control of five plants being maintained in their 
neighbourhood. The average plant performance of these plants is preRented below 
in Table No. 164. 

TABLE No. 164. 
Periodical production 0/ flowers in root-pruned and controlllla'ltts. 

(Roots pruned on 23rd November 1927.) 

Week ending 

41,h December 
11th December 
18th December 
25th December 

1st January • , 
8th January •• 

15th January .. 
22nd January .. 
29th January .. 
5th February •• 

12th February •• 
19th February ,. 
26th February ,. 
4th March •• 

11th March ,. 
18th March •• 
25th March " 
1st April " 

Plant.. subjected to root-pruning,] Plant.. not subjected to root-pruning, 

No. 1.\ No. 2,\ No, 8,\' Average, \ No, 1.\ No, 2,) No, 3,\ No, 4,\ No, 5,\ Average, 

1 
3 

12 
28 
36 
29 
24 
IS 

9 
1 
2 
1 
o 
o 
2 

o 
o 
3 
o 

18 
16 
19 
16 
10 

1 
1 
o 
2 
o 
2 

o 
o 
o 
5 
8 

gl 
11 

3 
6 
4 
1 
o 
4 
2 

;wt97j 69 

0'3 
1'0 
5'0 

14'0 
20'6 
19'5 
18'3 
13'3 
7'3 
2'7 
2'S 
0'7 
0'7 
l'S 
2'0 

109 

8 I 
1 
1 
4 
5 
5 
9 
7 

10 
4 
7 
6 
6 
2 
2 
2 
4 
1 

79 

000 
002 
1 0 1 
206 
1 3 5 
7 7 10 
8 10 21 
7 0 12 
II 4 11 
3 4 10 
2 3 11 
204 
1 1 7 
o 4 0 

o 1 0 

o 
o 
8 
1 
8 

16 
13 
12 

6 
6 
5 
o 
o 
o 
o 
2 
o 
o ! I ~ ~ 

45 56 r-wa 72 

0'6 
0'6 
1'2 
2'6 
4'4 
9'0 

12'2 
9'4 
7'4 
5'4 
5'6 
2'4 
2'8 
1'2 
1'2 
2'0 
2'6 
0'4 

71 

The d.\ta in tho above table indicate that owmg to root-prumng the period 
of flowering is shortened while the production of flowers is appreciably raised. 
These results are similar to those observed under stem-ringing exrer!ments I."nd show 
that when the flow of assimilates to roots is checked by artifiCIal deVIces, the 
supply of plant nutrition is improved with the result that a greater success of buds 
into flowers is obtained. 



. D; CHANGE IN THE AERIAL ENVIRON"MElfT" BY DELAYING'SOWING. 

The effect of climatic factors on the development of the plant and on the 
shedding of buds and bolls was studied in 1930-31 and 1931-32. Plants were raised. 
by sowing cotton at three different times in the season, namely, the usual time and 
six: a.nd eight weeks after this time. Owing to reduction of soil moisture in the 
upper layers of the soil when late sowing was done, the seeds found it difficult to 

. germinate .and after germination the seedlings also found it equally diffioult to get 
well established. On this acoount in the first year, germination of seeds in the late 
sown plot~ had had to be induced by local watering which was continued for some 
time until the seedlings got established. During the second year, however, no watering 
was resorted ,to and consequently the seedlings in the last-sown plot dried up. No 
data are, therefore, available for this time of late sowing during the second year. 
It is necessary to mention that in late-sown plots, there were more gap. than usually 
ocour in areas sown at the proper time. On this account, the performance of the 
late-sown plants was. other than normal. Owing to extra feeding.space caused by 
the gaps, some plants grew better than others in the late-sown plots. 

Growth records on the plants grown at three different times in the season, 
were maintained both. under protected and unprotected conditions. The per. 
formance of the protected plants will, however, be here discussed so that the effect 
of change in the environment on plant growth will be prominently brought to notice. 
In the following table are presented growth data on these plants for the two years. 

T ABLE No. 165. 
Average performance of protected plantB grown at different times in tM 8ea8On. 

.-
Sowing time. 

Vegetative buds .. 
Flower-buds .. .. 
Flowers .. .. .. 
Bolls .. .. .. 
Weight of seed-cotton •• 

(in grms.) 

Weight of seed·cotton 
per boll. (in grrilB.) 

Percentage success of :-

Buds into flowers .. 
?Iowe~ into bolls 

::1 BudS iDto bolls 

Average of 10 plants. 

1930-31. 

Sown at Sown six Sown eight 
the usual weeks late. weeks late. 

time. 
3-7-1930 14-8-1930 28-8-1930 

232·1 284'8 332·4 

254·6 222·4 282·3 

96·7 131·6 130·8 

46·3 41·6 41·8 

84·4 . 92·1 79·95 

1·91 I 
I 

38·0 58·7 46·0 I 
47·9 31·6 32'0 

18·2 18·5 14'8 

1931-32. 

Sown at Sown six Sown eight. 
the usual weeks late. weeka late. 

time. 
2-7-1931 16-8-1931 31-8-1931 

287·2 251·0 Did not. 

194·0 
grow. 

288·2 Do. 

121·9 90·1 Do. 

44·9 

I 
28·8 Do. 

84·1 52·30 Do. 

1·88 I 1'82 I 
42·3 46·4 Did not. 

36·g 32·0 
grow. 

Do. 

15·6 14'8 Do. 
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The figures in the· above table indicate that by late sowing tbeproportion of 
vegetative buds to flower-buds increases. Similarly, the success of flower-buds into 
flowers is promoted to a greater extent in the late-sown plots. This greater suc
cess of flower-buds into flowers is, however, counter-balanced by a less success of 
flowers into mature bolls and consequently, the extent of boll retention from the 
total buds incepted remains almost unaffected. It may be mentioned that during 
the first year, the number of flowers considerably increased over the usually sown
control plants. This increase in the production of flowers appears to be mainly 
due to the effects of the unusually heavy shedding of buds caused by a protracted 
period of cloudy weather terminating in rain towards the end of October. These 
plants were not able to recoup the loss owing to the presence of growing bolls from 
the first flush of flower-buds. On the basis of the final yield, the data for the two 
years are quite consistent in showing that late sowing reduces the number of bolls 
that mature on the plant. 

GRAPH No. 63. 
Average progressive production oJ vegetative buds, flower-buds and the total shedding 

oJ the latter on plants grown at different times in the season. 

82 
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__ -Sown at usual time. • ••••• Sown 6 weeks late. ~ Sown 8 weeks late. 



More light on ihe effect 'Of changhlg -th~ usuat period of development of the 
cotton. plant by late sowing, is thrown by the study of periodical production of 

-different organs and the shedding of reproductive forms. These are given in Table 
Nos. 320 and 321 in the Appendix and are reproduced above in the Graph No. 63. 
It will be seen from this graph that the production of buds both vegetative and 

'reproductive, was delayed by a period of about eight weeks although sowing W811 

done only six weeks late. Further, the rate of shedding in the late sown plots was 
comparatively very low for two and a half months after the advent of flower
buds. Th~ low shedding or in other words, the higher ra.te of bud success was not 
due to a lower rate of their formation but appears mainly to be the result of 
improved climatic conditions conduciva to a reproductive type of growth. 

GRAI'H No. 64. 

Periodical flowering in protected plantB grown at different times in 111.6 8ea8Q11.. 

(For numerical data see Table Nos. 322 and 323 in the Appendix.) 

Protected-Plants. 
1930-19:31. 1931-1932. 

,. , . 
(" .. , , , 

, I , , 
, I , . 

I • , . , , , 
\ 

~=~m~~~~!;N.=~~-~~N-.~=~~~.&~et~~~!;NW~N~ 
Oct. Nov. Dec. van. Feb. Mal'_ N. Dec. uan. Feb. Mar. 
--Sown at usual time. . ... -•• Sown 6 weeks late. 0--00--0 Sown 8 weeks late. 

With regard to flowering, it may be noted that it began eight weeks later in 
the plot sown six weeks late. Again, in the plot sown eight weeks late, flowering co m· 
menced four weeks later although the dates of sowing of the two plots differed only 
by two weeks. The nature of flowering in all the plots for the two years was, however, 
the same, the difference arising only in the magnitude of production (Graph No. 64.) 

E. MISCELLANEOUS EXPERIMENTS. 

It is recognised. that wide spacing, ridging and mUlching exert a beneficial 
influence on the gro~h and deV'elopment of the p1a.nt and lead to a greater produc. 
tion of mature bolls. l>ui-ing the course of the general investigation on the prob·
lem of bud and boll shedding, the effects of these treatments on the shedding and 
the yield performance of the pla.nt were studied:: The experiments carried out in 
tlilil connection and Uae:i'88Ults obtained, :may now.be described and discussed. 



(l)SPAcrNG. 
A systematic study of the effects I)f variation in lIpacing on the extent of shed

ding and the final yield, was made in 1925-26. Plants were grown in rows three 
feet apart while t.he di~tance between plant and plant in these rows was varied from 
one to six feet. In all, experiments were conducted with five different spacings, 
the spacing three feet by four feet being omitted. Periodical growth counts were 
maintained on a set of five plants under each spacing. The average plant 
performance under each of the five sets, is gi.en below in the Table No. 166. 

TABLE No. 166. 
Average total production of buds, jlou'ers and bolls and the extent of their success on 

unprotected pm.nts differently spaced. 
1925·27. 

Average production of I Percentage success of 

Spacing. 

I Flowers. I Buds. Bolls. I Buds into I Flowers I Buds into 
flowers. into bolls. bolls. 

3'X l' .. .. . . 133·4 31·6 11·6 23·7 36·7 8·7 
3'X2' .. .. . . 173·0 47·5 16·75 27·5 35·2 9·1 
3'X3' .. .. .. 304·6 83,8 31·60 27·5 37·7 10·4 
3'X5' .. .. . . 460·75 153'75 63·50 33·4 41·3 13·8 
3'X6' .. .. . . 458'40 153·60 68·20 33·5 44·4 14·9 

The figures in the above table indicate that with increased spacing the success 
of buds into flowers, flowers into p.olls and finally of buds into bolls steadily increases. 
This success has been obtained in spite of the increasing production of buds, flowers 
ancl bolls. These observations Me again corroborated by the results of 1926-27 
and 19~7·28 (Table No. 167). 'rhus, when the spacing is increltsed,not only the total 
yield per plant increases but the rate of success of bud.'! int.o mature bolls is also 
improved. 

TABLE No. 167. 
Extent of bud and boll 8UCcellll in unprotected plants differently spaced. 

1926-27. 1927-28. 1928-29. 

Percentage success of I Percentage success of I Percentage success of 
.. 

Spacing. Buds Flowers Buds Buds . Flowers Buds .Buds Flowers Buds 
into into into into into into into into into 

flowers. bolls. bolls. flowers. bolls. bolls. flowers. bolls. bolls. 

Average of five plants Average of ten plants. I Average of ten plants. 

3'Xl' •. 8·1 26·5 2·1 .. .. .. 16·1 21· 3 3·4 
3'X3' .. 24·0 40·4 9·7 26·2 39·1 10·2 22·5 31·8 7·2 
3'X6' •. 24·9 41·5 10·3 38·1 38·2 14·6 28·8 34·0 9'8 



252 

The salutary effect of wider spacing both on the production a.nd BUCCeRS of fruit
ing forms is obviously due to the extra feeding-space provided, or in other words 
to extra nutrition made available to the plants which show consequently a prolonged 
growth and a prolonged bud-formation. In 1927-28, the nature of food {adors in 
the soil, responsible for a better plant performance was also studied in two plots 
where plants were spaced three feet by three feet in the one and tbreefect by six 

TABLE No. 168. 

Total moisture and nitrous and nitric nitrogen together in the Boil. 
(At'erage of different layers Jar 9"-·36" layer.) 

Dates. 

4th October •. ., .. 
18th October .. .. .. 
31st October .• .. .. 
15th November .. .. 
28th November .. .. 
12th December .. .. 
26th December .. ., 

9th January •• .. .. 
23rd January .. .. 

7th February .. .. 
21st February .. .. 
5th March •• .. .. 

20th March ., I . . .. 

1927·28. 

Nitroua and nitrio 
Total moisture. Water Bupplying nitrogen (together) 

% power. in m.grmII. per 100 
grma. of over dry 

Roil. 

3'X 3'.1 6'X 3',' 3'X 3'.1 6'X 3'.1 3'X 3'. I 6'X 3'. 
, 

28·5 26·3 .. .. 0·15 0·15 

27·7 25·5 .. .. 0·22 0·22 

23·0 26·4 201 227 0·04 0·07 

29·4 30·3 . . 209 0·06 0·11 

29·4 30·4 273 257 0·07 0·11 

23·8 24·6 158 252 0·11 0·06 

23·8 25·2 125 204 0·07 0·11 

24~0 25·7 lIe 138 0·08 0·15 

20·8 23·1 72 115 0·1'1 0·18 

22·4 23·7 41 67 0·07 0·14 

21·4 22·8 24 51 0·14 0·12 

20·8 22·1 34 55 0·15 0·13 

.. . . 21 27 .. .. 
fe~t in the other. Some of the more important soil determinatiOll8 are presented 
above in the Table No. 168. The data for soil moisture show that moisture in 
the \\idely-spaced plot was higher than that in the control by about three per cent. 
throughout the season. The amount of nitrous and nitric nitrogen was also con
siderably and consistently higher. From these results it will be evident tbat the 
greater production of mature bolls and the higher rate of their retention attendent 
upon wider spacing, was the result of larger quantit.ies of nitrogen and moisture 
made available to. the plants during the season. 
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(2) Ridging. 

The system of growing plants on ridges was started by the Bombay Agricultural 
Department at the Agricultural Farm, Surat, in the year 1922 (Desai and Naik 
1925). The object in intro.ducing this 6yl1tem was to overco.me the difficulty 
o.f e!ltabli'!hing the cotto.n crop on the heavy so.ils which get water·logged in the 
early part of the rainy seaso.n, necessitating re.so.wing. The ridges were fourteen 
inches high and the distance between the ridges was five feet, the seeds 
being dibbled at a distance of two feet on the ridge. The reco.rds o.f the Agricultural 
Farm o.n this Iilubject (Table No.. 169) indicated that by ridging,'the water.logging 
conditions were improved, the seerllings were able to. get a better sta.nd pretty early 
in the season, and as a result the yield of the co.tton cro.p ro.se. up by more than 
9 per cent. as the average o.f seven years. 

1922-23 

1923-24 

1924-25 

1925-26 

1926-27 

1927-28 

1928-29 

Average 

TA'BLE No. 169. 

Yie.ld oj 8eed·cotton per acre, under ridged and non·ridged conditions. 

(Data fro.m the records of the Agricultural Farm, Surat., 

14W high ridges No ridges. spaced five feet Spacing in sowing apart. Plants two the same as in the Per cent. Year. feet apart on the ridged plots. increase. ridge. 

lbs. lbs. 

I 
.. .. .. .. .. 616 534 15·4 

.. .. .. .. .. 542 471 15·1 

.. .. -.. .. .. 875 800 9·4 

.. .. .. .. .. 368 341 7·0 

., .. .. ., .. 397 381 4·2 

.. .. -.. .. . . 567 .. 532 6·6 

.. .. .. .. .. 610 677 9·9 

.. .. .. . . .. 568 

I' 
534 9·7 

. . 

These experiments were repeated by us in 1927·28 to see if ~Y reducing the 
water· logging conditio.ns and thus improving so.il·aeration, shedding of bu~ and 
bolls could be contro.lled. Plants were "rown on ridge .. three feet apart while the 
distanee between ridges was six feet. A co.ntro.l with spacing six: feet. by three 
feet on a flat plot was maintained. Perio.dical growth. rec?rds on pl~nts ~n the two 
sets. were l;:eptup during the seas.o.n a.nd the. determmatlo.ns of Bo.il mo.LSture and 
soil nitro.gen were also. made fro.m time to. time. 
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. TABLE No. 170. 
Final perlormance 01 ridge and oontrol unprotected plants. 

(Average of 9 plants.) 

Percentage 8UCcesS of 

Treatment. Flower· Flowers. Bolla. I I buds. Bud to Flower Bud to 
flower. to boll. boIL 

-
Ridge 6'X3' " .. 439·8 180·1 65·3 40·9 36·3 1'·8 

FIat 6'X3' .. .. 389·3 147·8 56·5 .38·1 38·2 1',6 

_ The nature of plant performance in the two cases was almost the same as will 
be evident from the 8 bove Table No. 170. 'Iht' ridged plants wert', however, superior 
to the control in respect of the production of buds, flowers and holls. Tht'y gave 
15 per cent. more flower-blldssnd 20 per cent. mor", flowers. Furtht'r, the 
number of mature bolls wafi\ also higher by about 15 per cent. in these plants. The 
usual shedding of buds aud bolls, however, remained unaffected. 

TA.BLE No. 171. 
Per c.ent. moistllre and nitrou8 and nitric nitrog~n together in milligramme8 'Per 100 

grms. 01 oven-dry soil 10'1' the depth oj 22' 5 to 90 cm8. 
1927-28. 

(Average of three equal layers.) 

Total moisture. I Water 8upplying I Nitrou8 and nitrio 
power. nitrogen in m. gTma. 

Dates. 

Ridge. I Control. I Ridge. I Control. I Ridge. I Control. 

4th October .. .. 27·9 26·3 . . .. 0·17 0·)6 
18th October .. .. . . 25·5 .. . . " 0·22 
25th October .. .. 26·3 .. .. . . 0·30 .. 
31st October .. .. . . 26.·4 77 227 .. 0·07 
8th November .. 24,6 .. .. .. 0·10 .. 

15th November .. .. 30·3 100 209 .. 0'1l 
22nd November .. 31'0 .. .. . . 0·13 .. 
. 28th November .. .. 30,4 152 257 .. 0'1l 

6th December .. 28,1 .. .. .. 0·14 " 
12th December .. .. 24·6 166 252 .. 0·06 

. 20th December .. 27,3 .. . . . . 0·08 . . 
26th December .. ... 25·2 96 204 .. 0·1l 
3rd January .. .. 24·5 .. . . .. 0·09 . . 
9th January .. .. .. 25·7 83 138 .. 0·)6 

17th January .. .. 24·3 .. .. . . 0·16 .. 
23rd January .. .. . . 23·1 62 115 .. 0·18 
31st January .. 23·8 .. .. . . 0·07 .. 
7th February •• .. .. 23,7 31 67 . . 0·14 

14th February •• .. 23·0 .. . . .. 0·07 . . 
21st February •• .. .. 22·8 33 51 . . 0·12 
28th February •• .. 22·7 .. .. . . 0·11 . . 
5th March .. " .. 22·1 31 55 .. 0·13 

14,thMarch .. .. 19·9 .. . . .. 0·18 .. 
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The better growth of ridged plants as ma.ni!ested in a larger production of .buds, 
flowers and bolls has to be attributed to a better physical condition of the soil 
and its higher nitrogen content (Table No. 171). The figures for soil moisture 
and water-supplying power of the Roil indicate that the moiqture content in the 
ridged plot is at a lower level than in the control. It does not, however, follow that 
the ridge is in any manner inferior to the control plant. The fact that a larger crop 
has been raised by ridge cultivation shows that comparatively large quantities of 
moisture must have been utili7.ed by plants in the ridged plot and hence its low 
level of moisture. 

(3) MULCHING. 

With a view to assessing the influence of varying intensities of soil mulch obtained 
by deeper and repeated inter-tillage on the yield of the cotton plant, experiments 
were carried out in duplicates in the 1930-31 and in triplicates in 1931-32. Plants 
were grown at a distance of every three feet on ridges of the usual type while the dis
tance between the ridges them'lelves was increa'led from three to four feet to faci
litate inter-tillaga. The results of thc3e experiments in terms of seed-cotton per 
plot are given below in the Table No. 172. 

TABLE No. 172. 

Yield oj seed-cotton in pounds in plots receiving different degrees oj inter-tiUage. 

1930-31. 

First series .. 
Second series .• 

Average .. 

99 plants per plot excluding a row all round. 

.. .. .. .. . . 

.. .. .. .. .. 

.. .. .. .. . . 

1931-32. 

Yield of seed-cotton in pounds per plot of 
2'72 cents. 

, No I Usual I Intense 
inter-tillage. inter-tillage. inter-tillage. 

15·25 15·42 17·45 

16·49 17·24 14·56 

15'87 16·33 16·00 

114 plants per plot of 3' 15 cents. excluding a ring all round. 

First series .. .. .. .. .. .. 19·95 19·60 18·40 

Second series .. .. .. .. .. . . 17·32 18'85 15·8.7 

'Third series .. .. .. .. .. .. 17·83 18·85 17·58 

Average '._ .. .. .. .. .. .. 18·37 19·10 17·28 



.. 'The results wereincorisiStehi iD.- the replications for Doth the years. Out of 
the five cases it was only in one plot which received intense inter-tillage that the yield 
was higher. In the remaining four cases, the plots receiving usual inter-tillage gave 
higher yields than those in which no inter-tillage was done. The increase in the 
yield, however, was of a small order. These experiments go to show that mulching 
fails to improve the yield of the cotton crop. It has been already noted (page 
IS) that mulching as a method of conserving moisture is of little avail in this type 
of soil and this finding is now confirmed by the yield performance of the plant. 
Although mulching is not useful in this way, it is nevertheless. important in an 
indirect manner as it prevents the growth of weeds and averts the loss of soil 
moisture and plant. food which would occur by their presence. 

SUMMARY. 

Experiments carried out for studying the effeots of various treatments on 
the growth and yield performance of the cotton plant are described and discussed 
.in this chapter. These fall broadly under the following classes: (1) improvement 
of water supply in the soil, (2) improvement of plant. food supply in the soil, (3) 
plant manipulations, and (4) miscellaneous. Some of the more important results 
emerging from these studies are presented below. 

(I) Water requirement of the plant during the vegetative phase of growth, 
is comparatively great. Improvement of soil moisture in the feeding zones by fre
quent application of water up to two-acre inches per month, fails to reduce bud and 
boll shedding_ It is, therefore, inferred that deficiency of water in the soil is not 
responsible for shedding. Nevertheless, there is a distinct tendency for the num
ber of bolls to increase though to a small extent with increase of moisture in the soil 
.after the close of the monsoon. 

(2) Soils in the Broach cotton tract are poor in nitrogen which, therefore, 
becomes limiting at all stages of plant growth. Improvement of nitrogen fertility 
of the soil is advised. Sulphate of ammonia has been found to be most suitable &8 a 
quickly acti~g form of nitrogen in this tract. For the maximum benefit, applications 
of nitrogenous fertilizer must be made some time in July to get rain water suffi
cient to make the manure mobile and available to the plant. It is best to use the 
fertilizer on two sides of the row of-plants at a distance of about 15 cms., so that 
it should be available to the plant during the seedling stage.. Nearer applications 
are more effective than those given two feet away from the plants. In the former 
case, every pound of added nitrogen is able to increase the yield of seed-cotton by four 
to five pounds per acre, the rate of increase being maintained up to forty pounds of 
nitrogen. In case no rain is obtained after the application, the fertilizer remains 
in the soil and is used bY,the next crop in rotation, namely jowar. It is calculated 
that the increase in the yield of this crop is sufficient to meet the cost of the 
fertilizer. 

(3) The way in which added nitrogen is utilized by the plant, depends upon 
the condition of its growth. Nitrogen given with water during the bud and flowering 
stages leads to a greater production of flower-buds, flowers and bolls and distinctly 
improves the rate of buds sucoeeding into flowers. If it is made available during 
the period of boll growth, it enhances the number of flowers and bolls and raises 
the nitrogen percentage of the seeds. In this case, a greater success of bolls from 
flowers formed and buds incepted, is also obtained. Experiments have conclusively 
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proved that nitrogen becomes limiting for increased success of buds into flowers 
and of flowers into bolls. They have also shown that plants do not attain full 
expanse for want of enough nitrogen in these soils. Nitrogen deficiency for the 
fullp-st expression of all growth characters of the plant from stage to stage is clearly 
indicated. 

In spite of the beneficial eflect of the late application on the success of fruit
ing forms, the use of nitrogenous manure in the early stages of growth, has been 
shown to be of special advantage from economic consideration. With forty pounds 
of nitrogen to an acre administered early in the season, the plant dOUbles its 
yield of seed-cotton, the increase in yield by late applications being only fifty per 
cent. It is found that a dose of forty pounds gives maximum returns for evcry 

. pound of nitrogen added though an inorease in this direction with larger quantities 
of nitrogen up to hundred pounds has been obtained. The usual superiority of 
the proteoted plants over the unprotected even under conditions of nitrogenous 
manuring, remains unimpaired. For the same quantity of added nitrogen, the 
protected plants have been found to respond with larger yield returns. 

(4) For improving .nitrogen fertility of the soil, the use of green manures is 
suggested. San, udid and ikad (Sesbania aculeata) and wild indigo have been 
tried. Ikad has been found to be more suitable for this tract as it produoes more 
organio matter within a comparatively short time. Future work on this subject 
is reoommended. 

(5) Evidence resulting mainly from plant manipulation experiments i'l cited 
to show that the shedding of buds and bolls is oaused by an inadequate food supply 
in the plant. De-foliation induces shedding of the reproduotive forms owing to a 
reduotion in the food-manufaoturing surface. De-budding prolongs the life period 
of the plant. It expands plant-scaflolding and leads ultimately to a greater inoep
tion of flower-buds. Prolonged de-budding inoreases flower formation but results 
in low yield, particularly of seed-cotton, owing to adverse oonditions of environment 
in which bolling is forced to take place. Evidenoe is adduced to point out that the 
low effioienoy of boll production of the unprotected plants is oaused by the oonstant 
destruction of growing buds by the spotted boll-worm, damage to shoots being 
of minor importanoe. This results in delaying flowering and reducing the number 
of flowers. The. period of boll setting is likewise delayed conourring with the 
period of commencement of leaf faU. This leads to a reduotion in the number of 
bolls that can mature on the plant. De-floration and de-fruiting increase flower
production but fail to enhance the yield of mature bolls. A gradation of nutritional 
dominance rising from the vegetative organs to flower-buds, flowers and finally 
to bolls, has been shown. Stem-ringing and root-pruning promote a better 
condition for flower-bud development but in no case inoreased yield is obtained. 



CHAPTER VII. 

PLANT DEVELOPMENT AND ENVIRONMENT. 

While describing the development of the cotton plant under usual conditions 
of crop production it· was observed that in. no two years had the rate am! 
magnitude of production of the different organs been alike. The consideration 
of the caus~s of this variation was reserved for this chapter as, in most cases, the 
:variations introduced are the expression of dynamic growth of the plant acted 
upon by one or more factors. As such, each variation cannot be properly explained 
without involving the consideration of previous growth. Having, therefore, ac· 
quainted ourselves with the behaviour of the plant under normal and modified· 
.conditions of environment and baving st'ildied the internal chemical changes as they 
take place from stage to stage, it would now be easier to understand and to 
explain the influence of the extemaland the intel:'Jlal environment on plant growth. 

AimuAL VARIATIONS IN GROWTH. 

Plants grown under spotted boll-worm conditions, being constantly disturbed 
jn ·their normal growth, do' not lend themselves for disenta.ngling the various 
operating factors responsible for growth' variations. We have, however, 8ufficient 
data o~ the protected plants where the highly vitiating factor of the 8potted boll. 
worm is completely keptiout .. These da.ta; th'3refoie, form the right sort of material 
for the study of growth variations and th'3ir causes. 

. There is .0. great diversity in plant performance even under conditions of pro. 
tection. The data reproduced below in Table No. 173 for a period of six years 

TABLE No. 173 . 

. Average production; oj various organs in plants grown protected against 
the Bpotted boll-worm. 

1192G-27·1192~-28.llIj28-29·11929-30 11930-31. 11931-32. I Average. 

'Number of plants Under 
study 

Vegetative buds 
Flower-buds .. 
Flowers .. .. 
Bolls .. .. 

.. .. . . .. 
Weight of seed-cotton in 

grms. 
of seed-cotton in Weight 

grms. per boll. 

Percentage success of :-

Bud into flower .. 
Flower into boll .. 
Bud into boll •• . . 

I 10 I 14 I 20 I 20 I 20 I 20 I 
I 

257·8 635·5' 426'0 287·9 fl26·8 299·9 335·6 
215·'7 625·9 528·4 278·4 231·0 294·9 345·7 

80·4 169·2 182·6 . 139·2' . 85·4 120·9 129·6" 
43·9 48·4 55·5 44·4 42·3 45·9 46·7 
69·1 118·0 103·5 91·4 77·9 83·7 90'6 

1·6 2·4 1·9 2'1 1·8 1·8 1·9 

37·3 32·2 34-6 50·0 37·0 41·0 37·5 
54·5 28·6 30·4 31·9 49·5 38·0 36·0 
20·4 9·2 10·5 16·0 18·3 15·5 13·5 
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indicate that the magnitude of grOWth was conspicuously higher in years 1927-28 
and 1928-29 than in the remaining four years. Even then, there was no complete 
agreement between the growth behaviour of the plant for the two years. Thus 
the production of vegetative buds and ,the yield of seed-cotton per boll as well as 
per plant was higher in 1927-28 tha.n in 1928-29. In the latter year, on the other hand, 
the number of flowers and bolls was greater. The final performance of the plan~ 
in the other years, though comparatively poor, exhibited marked differences with 
regru:d ,to the e~ent of production of the. difieren~ org~. Again, a larger pro
ductIOn of certam organs was not necessarily assoCIated With a larger production 
of other-organs. As an instance of this fact, the years 1929-30 and 1931-32 may be; 
quoted. In the former. year, although the number of vegetative buds and 
flower-buds was less than that in the latter, the number of flowers formed was 
greater; Similar variations are easily noticeable in the other years also. 

As in the case of total production just discussed, so in the case of both the rate 
and span of production of the different organs considerable variations are observed. 
This will be evident from Graph No. 65 in which are shown the curves 
for the average weekly production of vegetative buds, flower-buds and flowers. It 
is necessary to mention that the curves for vegetative buds and flower-buds for 
the year 1927-28 are not quite representative from the middle of November as the 
data for this period' have been obtained by halving the fortnightly counts., 
Nevertheless, they give a fair idea of the nature of growth in, general for 
that year. ' 

Thus, a variety of differences arise every year in the rate, extent and the span 
of production of different organs. The causes of these variations in growth, in differ
ent years, have to be sought both in the internal and the external environment 
of the plant. Indeed, as Zaitsev (1928) observes that" in the general develop-' 
ment of the cotton plant beginning with germination and ending with the opening, 
of bolls, there is a definite rhythm due to internal factors. At the same time this 
rhythm is subjected to definite changes and is 'influenced by the external factors, 
such as weather and nutrition." The disentanglement and the apportioning of 
growth, at any stage, to the internal rhythm and the external factors is complicated 
owing to "the high relationship of the external factors affecting one or more 
physiological processes. The effect produced' by anyone factor is markedly de
pendent on the intensity of other external factors. This makes much more 
intricate the study of the effect of meteorological conditions on plant processe~ 
such as growth" (Blackman, 1929). 

Hence, in the study of the cl),uses of growth variations, we cannot do more than, 
indicate the possible causal factl?rs by pointing out merely certain associations of . 
growth with changes' in the enVironment in which the plant grows. Although 
the degree of expression of poteIi.~ial capabilities of the plant is governed by t~e 
environment, it must not be fOJ;gotten that the whole organism follows a .certam 
sequence of growth and creates correlative influences which are also responslble fOJ; 
determining the nature of that growth. Before proceeding, the~efore, to t~e st~dy of 
the influence of external factors, some of the growth correlatIOns occurrmg m the 
cotton plant must needs be considered. 

the 

, GROWTHCORREi.A.TIONS IN THE COTTON PLANT. 

Among the correlative influences of growt?, mention maybe first made of 
rel~tion existing ,between the productIOn of leaves and flowers. In 
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Graph No. 66 are shown the cUl:ves of the weekly average production of leaves, 
flower-buds, flowers and the relative success of flowers and bolls. It will be clear 
from this graph that the commencement of flowering always beams when the ra.te 
of leaf production attains a maximum value. Further, as the rate of flower 
formation increases that of the leaf steadily goes down and this continues until 
the former reaches a maximum for the season while the latter practically ceases. 
This means that the flowers, which continue their growth as bolls, exert a retarding 
influence on the production of leaves or, in other words, on the further expansion 
of the plant. While dealing with the effects of de-budding on the future performance 
of the plant (page 237), it has been made abundantly clear that the vegetative 
expansion of the plant continues unabated provided the flower-b\1ds as they 
appear on the plant are removed from time to time. If, on the other hand, 
they are allowed to grow into flowers and bolls, the enlargement of the plant steadily 
comes to an end. . 

Another growth relation exactly similar in character is in regard to the elonga
.tion of the main stem and the advent of flowers. The data embodied in the Table 
No. 174 show that the growth of the central axis ceases with the appearance of 
flower'S on the plant. This observation is in accord with that made by Mason (1922) 
to which we have referred on a previous occasion. 

TABLE No. 174. 

The time oj the cessation oj growth oj the main stem and the ad·vent oj flowers on 
the plant. 

(In the week from sowing.) 

Year. 1926-27.11927-28.11928-29.11929-30.11930-31.11931-32. 

Cessation of growth of 22 22 IS 16 20 22 
stem. 

Advent of flowers -. 18 21 18 16 18 22 

The third correlation is in respect of root growth and the shedding .of repro
ductive forms. It has been already noted (page 237) that if the flower-buds shed 
owing to some cause or are directly removed from the plant, the root-system 
increases in dry matter and penetrates deeper into the soil. . 

These observations indicate that so far as the growth in terms of plant expan
sion is concerned, it is largely regulated in its latter half by correlative influences, 
while in its former half it is governed principally by the enviro~ental comple~_ 
Having, thus, dealt with the internal correlative influences. to whiCh the plan~ 18 

subject, we may now turn to the study of the external enYll'onment and examme 
its effect on plant growth. This can best be dO!le by f~llowm~ up th~ growth of the 
plant from the seedling to the harvest stage, m relatIon to It~ enVll'onment. 



-GBAPIi No. 66. 
Average weekly production olleavu, jlower-btul8, jlower. aftd the relative 

8UCce88 01 flower. and bollB. 

eo 

(Protected Pla.nts.) 

'~~~~_6~~~~&~.~~~~~~ 

-Number of weeks. 

930-\931.. 

928-19a9-

926-1927. 

--Leaves.· ••• : • Flower buds. x-x-x Relative bolla. 
-~ Relative Bowers. o--e-o(), Actual flowers. -
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. A general descri1?tion of the climatic a!ld the soil conditions experienl!ed by 
the pl~nt has heen given, at some le!lgth, ill the second chapter of this volume. 
Thcre It has been stated that the environment of the plant does not remain con
stant but· undergoes a continuous change throughout the whole period of nine 
months during which it happen,o;! to occupy the land. This period is divisible into 
four sub-periods, aceording to the nature of weather conditions. The first sub-period 
·extends from the dat·e of sowing some time in June or early in July to the end of 
September. The most prominent features of this period are tbe saturated condi
tion of the soil and the cloudy condition of the atmosphere. The .second !'Iub
period compl'i.'1es the four weeks of October and is characterised by high temperature 
and bright 8uns4ine, being the hottest part of the season. The third sub-period com
mences from the beginning of November and . lasts till the middle of February. 
This period is associated with low temperature and represents the cold period of the 
year. The fourth sub-period is again conspicuous for its high temperature. We shall 
now study thEi progress of the cottoil. plant through aU these periods and see what 
factors are responsible for causing· variations in its growth. 

I. FIRST PERIOD OF GRQWTlI FROM JUNE TO SEPTEMBER. 

In this period we shall consider the influence of two factors as modifying the 
future performance of the plant. Of these the first is the rainfall leading to an 
over-saturat.ed condition of the soil while the second is the cloudy condition of 
the atmosphere, as affecting the activity of the leaves. 

Rainfall. 

In the Broach t.ract, the cotton crop depends entirely on the natural supply 
of soil moisture obtained from rains. The rainfall, however, is restricted to the first 
three to three-and-a-half months after sowing, when not more than ten to fifteen 
per cent. of the total growth of the plant takes place. In the remaining five and a 
half to six ml>nths of the crop season, no rain is normally obtained although in some 
years occasional showers may be received in the midst of the growing season. 
(Ootober to December.) AIl the water required for the major growth of tl1e. plant 
is, thus, derived from soil moisture. Whatever changes and variations in soil mois
ture OOCllr, the~· would naturally depend upon the quantity of water received from 
rains year after year. It has been already pointed out in Chapter II~ that .the total 
moisture at the end of the rainy season, in all layers of the soil, varies between thirty 
to twenty-eight per cent. and is reduced to a·bout eighteen per cent. at the end of the 
season. Owing to heavy cracking of the soil under conditions of .high temp~rature, 
speoially in the months of April and May, further losses pf mOlstu!'t; p~rtloularly 
in the upper layers of the soil, always occur. lila that to",ards the beglIlIUIlg of the 
crop season, there is not much .moi.'!ture left in these layer,S: . U~lcss, t~e~efore, 
the reduced supply of moisture IS augme~ted every year by ram wate~, It IS not 
possible to grow any crop whatever. It IS no wonder,therefore, that m years of 
sca.nty rainfall, the crop completely fails. Such years are, however, not frequent 
in the Broach tract and appear only. once in about twenty. 



In the Broach tract, therefore, where the cotton crop has to be raised entirely 
on the natural supply of moisture in the soil, rainfall naturally occupies the foremost 
plaoe among the fa.ctors which determine the magnitude of plant growth.· The 
.development of the plant during the rainy season, is however, very slow owing to 
the super-saturated condition of the soil. This is well seen in the better condition 
of growth exhibited, even during the seedling stage, by plants grown on the ridges 
(page 253). 'It has been the experience, in this tract, that owing to the 
saturated condition of the soil and also owing to water-logging, the seedling. 
generally succumb and resowing has to be re.'1orted to. The Departmental ex. 
periments on the Surat Farm (Bulletin No. 1~3 of 1925), show that if the seeds 
are sown on ridges where the water-logging conditions are absent, the emerging 
seedlings do not succumb unless they are actually washed away but are able to get 
a. better stand quite early in the season than on a flat pip,ce of ground. This means 
that one of the factors responsible for the poor growth of the plant during the rainy 
season, is the .over-saturated condition of the soil. 

This observation finds ample evidence in the growth data collected on protect. 
cd plants for a period of. six years. These are given in the Table No. 175. In the 
next Table No. 176, data on total rainfall and its fortnightly distribution during the 

TABLE No. 175. 

Average perJormance oj protected plant till the end oj September. 

Year. 1926~ 1927. 1928. 1929. 1930. 1931. 

Date of sowing. 14th July I 2nd July 17th July ,15th July I 26th June '2nd July 

Date of recording count. I 1st Oc~. I 28th Sept. I 28th Sept .. ,30th Sept. I 29th Sept. I 28th Sept. 

Number·of days from 
BOWing. 

Height of main stem 
Rate per daY' 
Vegetative buds 

.. 
Flower-buds .. 

-

89 

·1 

.. 23·50 .. 0·28 .. 23·60 .. 3·70 

88 83 77 

45·10· 76·20 I 56·20 
0·51 0·92 0·68 

76·53 107·20 

I 
102·10 

29·53 57·85 34'70 

Percentage production of the final performance. 

% % % % 
Height of stem •• .. 27·8 40·7 54·5 54·7 
Vegetative-buds .. 9·2 14·3 25·2 35·6 
Flower·buds .. .. 1·7 0·6 10·9 12·5 

• Calculated. 

95 

I 
88 

I 52'80 26·50 

I 
0·56 0·30 

58·55 28·55 
21·55 0·95 

% % 
47·2 23·2 
25'8 9·6 
9'6 0·3 
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six seasons a,re also. presented. Th~se two tables show that in the vear 1926 in 
which there were heavy and incessant rains throughout the period' commencing 
from mid·June and ending with the third week of September, the growth of seed. 
lings had been the poorest. This year is easily marked out as almost a record year of 

TABLE No. 176. 
Periodical rainlall in inches and tl,e number 01 rainy days in different years. 

1926. I 1927. 1928. 
-. 
Re.iwe.ll in June .. 0·97 9·96 2·91 

July. 1st fortnight .. 15·68 5'93 8·59 

July. 2nd fortnight .. 13·28 6·41 3·27 

August. 1st fortnight .. H·68 1·50 2·11 

August. 2nd fortnight •• 8·09 1·99 1·85 

September. 1st fortnight. 6·65 0·99 0·38 

September. 2nd fortnight. 6·60 3·25 5·90 

October •• .. . . .. 2·15 0·87 

After October .. .. .. 2'90 0·33 

TotBI •• .. I 62·95 I 35·08 I 26·21 

uly .. 
ugust .. 

J 

A 

S eptember 

.. .. 

.. .. 

.. .. 

Number oj rainy daY8. 

26 26 27 

23 19 16 
-

17 18 10 

1929. 1930. 1931. 

9'07 16·43 0·35 

33·78 10·41 16·67 

0·54 5·54 9·12 

1·80 2·19 10·34 

1·45 0·26 4·70 

.. 5·34 0·38 

0·45 0·06 3·50 

0·32 0·95 8·26 

0·88 0·10 0·06 

48·29 I 41·28 I 53·38 

19 25 23 

18 10 27 

2 8 8 

rainfall (Graph No. 67). the total precipitation amounting to 63 inches. Another 
case of retarded and belated growth is provided in the year 1931. This year, t~e 
rains in June, .July and August were likewise heavy but the relieving feature of the 
seaRon was that the rains in September were light with frequent breaks (Graph No. 
72). On this account, a slight improvement in the growtl\ of seedlings was 
noticed. 

Going to the extreme, it will be found that of the six years under. study, the 
year 1928 witnessed the earliest and the best growth of the p~ant. ThIS year was 
characterised by the least amount of rainfall (26 inches). The dis~ribution of ra~. 
fall during this season was an ideal one as after heavy a.nd contmued showers m 
.July, very essential for a. thorough wetting of the soil, the rains were generally 
light in cha.racter and were interrupted by frequent spells of dry weather (Graph 
No. 69). The same case is again observed in the year 1929, in spite of the fact that 

84 
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GlW'H No. 67. 
Periodical conditions oj the environment and pram per!ormo/ru;,. 

Fi"",e,s:. 
----. 'F!owo"\)ucIe, .' . ",.~.-. . 
.. ---~--- .-.• ' F'kIwe-r,Q,de. eked • 
•• _-..... -.... - ...... -BoIts..-tIhed. 

----''-- I Lay ... .., .......... 
••• -_._."'--- n Lay_ .. 

• . '. mL.qyeo-. 
'.---............ ; • Lett· 

1926·27. . 
(Protected plants.) 



GRAl'H No. 68. 
Periodical conditions 01 th.e environment and plant perlormanc~. 

1927·28. 
(Protected plants.) 
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GRAl'H No. 69. 
Periodical conditiona, of the environment and plant performance. 

1928-29. 

~Flowet'8 .. 
_ FloweT-bucle. 

_ V..,lbtove-bud •• -. 
______ Flowel.bu .... &h .... e_-,,_-. 6011 .. ....., ... . 
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~ ____ .. D Lay.... • • 
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GRAPH No. 70. 
Periodical conditions oJ tT,e environment and plant performance. 

1929·30. 
(Pro~ected plants.) 

_. ___ Flowers. 

__ l=1owe.-bucl ... 
'_ Vegeten ... -bud .. . 

•• _____ ._ ·Flow ... -bud .... hccl. 
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GRAPH' No. 71. 
Periodical wnditiona oj the-environment and IJlant IJerJorma'llce. 

·1930-31. 
(Protected plants.) 

___ Flow ..... 
--..o--.s ~towe'l'·bud .. 
~ ____ Vegefeli"e-~ • 19~-1931 
• ________ Flawe.-buda ._. 

""." __ ,, Ballot .......... 

___ '1 ~ ... ;,valla c:";'; 
.____ DJ;..evW 

~mt.ayeY 
.. _. ___ • JSlLoy .. 

IL aL IL 10. 20. 010. a~_aa_a~_a~~~~=~_ 

July. August. Septembe" .OcTobe& Nowmobe .. tMcember. "'_y. FcbrulPY-



GRAPH No. 72. 
Periodical condition8 0/ the environment and prant performance. 

1931-32. 
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the quantity of rain received:' this year was as high as 48 inches. Out of 
this, nearly 44 inches of rain was, however, obtainable in the second fortnight of 
June and the first fortnight of July (Graph No. 70). The undesirablf'l effect of this 
heavy rainfall concentrated in so short a period, as one mont,h, was that it damaged 
/I,nd washed away many a seedling grown even on ridges and necessitated rePowing. 
Tbenew seedlings arising from the second sowing received, in small showers, only 
four inches of rain. The plants, on this account, experienced drier conditiolUl 
pretty early, grew fast, and produced up to the end of September vegetative buds 
and flnwer-buds almost equal to those in 1928, in spite of the late and t·he second 
sowing. The growth in the other two years, namely 1927 and 1930, was moderate 
and intermediate (Graph Nos. 68 and 71). 

The unhealthy condition of the soil caused by an excess of rain water iIt first 
felt. by the roots before its effects are reflected on the development of the plant 
as a. whole. Variations in the growth of the shoot just discussed are, therefore, 
to be found in the case of the roots as well. The high contrnt of water in the soil 
retards the downward progress of the roots which, therefore, spread horizontally 
in the upper layers of the soil (page 43) and descend to lower depths wh('n (lnly 
better ('onditions prevail. These facts are well illustrated in the depths reached 
by the tap-root, in different years, towards the close of the monsoon. The 
data bearing on this point are reproduced in the .Table No. 177 and refer to the 
unprotected plants as thoRe under protected conditions are not available for most 
of the six years under study. It may be noted that damage to shoots caused l)y the 
spotted boll-worm or tho shoot-roller does not affect, in any manncr, the develop. 
ment of the root1l and hence the figures here reported have been taken to repreillent 
the growth of the roots under conditions of protection. (See Table No. 45 in 
the Appendix.) 

TABLE No. 177. 

Average depth reached by the tap-root mr. the 'Ith October. 

1926. 1927. 1928. 1929. 1930. 1931. 

De~th of tap-root in ems.1 33 81 76 65 52 

It will be seen from this table that the depth reached by the tap-root by about 
thQ 7th of October is not the same in all the yearl1. It has varied a good deal from 
33 to 81 ems. depending upon the extent and the nature of the rainfall. Thus, 
in the year 1926, a year of heaviest and incessant ra.infall, root growth was l!ICl"iously 
hampered and consequently the tap-root was not able to de.'lCend to a depth below 
33 .cms. The best growth of the root!! is to be found in the year 1928. This year ",'as 

chMacterised by liO'ht and well-distributed rainfall and as a result the ta.p-root 
reached a. record d~pth of 81 ems. by the 7th October. The other years fall in 
between these two years in respect of the root growth. 



The causes of better growth.oftlle- pIailtln years of light and well-distributed 
rainfall are three-fold. In the fir!'lt place, the intermittent rains replenish the loss 
of moisture which usually takes place in the upper layers of the Roil, owing to tem. 
porary spells of dry weather and the wind.~ which blow heavily during the seedling 
phase of the plant. Such a rep~enishment of the lost water is absolutely necessary 
a·s the upper layers of tEe soil in which the plant feeds at this time, dry up quickly 
before the roots have time to descend to lower depths. Secondly, the intermittent 
rains are of advantage in that they improve the conditio~ for soil-aeration, so 
essential for the respiration of roots. Thirdly, owing to the alternate wetting and 
drying they induce such conditions of the soil as promote the process of nitrification 
at a high rate, the products of which become easily available to the plant (Sahasra. 
buddhe and Daji, 1925). In years, therefore, when rains alternate with the spells 
of dry weat.her the process of nitrification gets accelerated and thus helps the 
growth of the plant as occurred in 1928 and also in 1929. 

It will be evident from the foregoing discussion that the wide variations in the 
growth of the cotton plant during the seedling stage are caused by the extent and 
the manner of distribution of rainfall in so far as it affects the activity of the 
roots. 

Clouds. 

Another factor closely associated with rain and which precedes it, in the con· 
stituted order of things, is the general cloudy conditions of the atmosphere. Such 
conditions exercise no small influence on the growth of cotton seedlings in .mould
ing the future behaviour of the plant. While excessive moisture in the soil affects 
considerably the activity of the roots, persistent cloudy conditions of the weather 
impede the progress of normal development of the shoot mainly by regulating the 
gaseous exchange through stomatal openings of the leaves, and hence the produc
tion of assimilates on which depends the further expansion of the plant. This is 
shown by the results of our experiments in which hourly variations in the width 
of stomatal opening were studied, during the day, both under cloudy and bright 
sunshine conditions. These experiments were specially undertaken because of the 
fact that different plants respond differently to changes in illuminations to which 
they happen to be exposed. According to Leitgeb as quoted by Pfeffer (1900) 
(Vol. I, page 194), in certain plants the stomata open more widely in darkness while 
in many others, they almost close. The results of our studies on this subject are 
reproduced below in the Graph No. 73. They show that in cotton leaves, the width 
of stomatal opening narrows or closes according to the degree of illumination or what 
is the same thing as the extent of cloudy conditions of the atmosphere. Partial 
or complete closure of stomata, in its turn, affects adversely the physiological pro· 
cess of transpiration. This process is also affected to an appreciable extent by the 
high relative humidity so characteristic of the rainy period. 

The intensity and the duration of oloudy conditions vary conside~ably every 
. year. . Being olosely assooiated with rain, such oonditions :"re part~cularly reo 
stricted to the rainy months though they may appear lat.er m the IDldst of the 
growing season, depending upon the nature of the enVlI'onm~nt. It was not 
possible to reoord data on the intensity of olouds during the ramy season for ob
vious reasons. After the oessation of rains, howeyer, a complete record of ILlI 
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GlW'K No. 73. 

Activity oj Btomata in cotton leaves, expres8ed, in terms oj the reciprocaJ oj the 
8quare-root oj 8econds required Jor ten drop8 to JaU 

Jrom an a8pirator. 

A. Normal Oay' 
ii!3-lo-a5_ B. NormalOav 

30-IO-e,. 

°r-----"..-~~~~rT~~~~_+--Jr_r~·~~~~~~~-~ II I 10 ,', 111 ill' 0$ 
A.M. NOON. P.M_ AM. -NOON. P.M. 
Scm' Cloudy Dey Cloudy Day 

13-II-at). 14-11-35. 

c. 

, 

o 

·changes in illumination were maintain'3d with.the help of a Campbell'. I1UDIlhine reo 
corder for all the years. Thase changes have been reproduced in the climatological 
Graph Nos .. 67 to 72 and will be referred to when occasion arises. Although, there
fore, no data are available on the intensity of clouds and its duration for the rainy 
months, direct observation shows that in 1926 and 1931-years of 'heavy rainfall 
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.-the sky was overcast with clouds in the months of July, August and September. 
In 1928, on the other hand, there were intermittent periods of clear sky in August 
and September. The sky was comparatively more cloudy during this period in 
the year 1927. In the year 1929, it was free from clouds from the middle of 
August. 

In this way, variations in the intensity of clouds during the rainy season 
always occur, which either heighten or modify the rate of production of photosyn
thates. The early disappearance of cloudy conditions accelerates the production 
of assimilates and leads to an early and a better growth of the plant. If, however, 
these conditions are prolonged, growth is retarded and delayed. As instances 
of the disparity in growth introduced by such environment, the years under study 
may be cited. Thus, in the year 1928, there were intermittent periods of bright 
and clear sky from the month of August and consequently the growth of the cot
ton plant commenced pretty early and proceeded also at a high rate. Similarly 
in 1929, the growth started early owing to the release of better conditions from 
the middle of August. In 1927, on the other hand, although the distribution of 
rainfall was more or less similar to that in 1928, the prolonged absence of sunshine 
checked and delayed the growth of the plant. 

From all these considerations, it will be more than evident that the growth 
and development of the cotton plant during the seedling phase is dominated by 
the influence of three main factors, namely the moisture in the soil, the relative 
humidity of the air and the cloudy conditions of the atmosphere. 

II. SECOND PERIOD OF GROWTH, THE MONTH OF OCTOBER. 

As the rain gradually disappears temperature of the air rises, its humidity 
falls and the bright sunny conditions typical of October get gradually established. 
These conditions may sometimes be either delayed or hastened according to the 
nature and extent of the rainy season. Nevertheless, October still remains the 
hottest part in the whole of the crop season. It is during the period of transition 
from the low to the high temperatures of October that the differentiation of the 
reproductive tissues occurs for the first time in the life of the plant. (Graph Nos. 
67 to 72.) Under the influence of bright sunshine, the high temperatures both of 
the soil and the air and the optimum conditions of soil moisture now prevailing, 
the plant is stimulated into activity and as a result the production of vegetative 
buds proceeds faster than ever. 

Among the factors which bring about a change in the environment and which 
direct the growth of the plant in its destined course, temperature exe.rcises by. far 
the greatest influence. This factor comes into play after the cessatIOn of raJIlB. 
During the first two months from the date of sowing, i.e., July and August, .the 
maximum and the minimum temperatures do not generally show much fluctuation. 
On this account, the curves for these tempera.tures run prac~ically parallel to each 
other at this time, the diurnal difference being of the order of eight degr~s F. From 
September onwards, however, the air maximum shows a tendency.t? rISe alt~ough 
the extent and duration of the rise are largely governed by conditIOns of ramfa.ll 
as indicated above. For instance, in 1926 where the rains continued till the third 
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. week ofSepteniber the air-mamnum temperatUre did'not at all rise till that tUne. 
In 1928 and 1929 where the rains in September were light and intermittent, the air 

. maximum began to rise from the first of that month and so forth. 

A change in the temperature conditions always brings about a change in the 
growth of the plant. . A critical fltudy of the rise in temperature and plant growth 
brings ~ut in a characteristic manner the close relationship between the two. This 
will be evident from the Graph No. 74 in which the weekly production of vegetative 
buds and the weekly mean maximum temJ)eratures are shown. It may be noted 
that th& temperature curve· drawn below the curve of vegetative buds does not refer 
to time as su('h; it 1).as been shifted forward so as to coincide with the rises or faJls 
in the curve of vegetative buds. The important fact to be noted in thifl 'graph is 
thc close parallelism between the curres of the mean maximum temperature and 
the rate of vegetative bud-production. The period by which the temperature curve 
has had to be shifted forward is not constant in all the years but varies a good 
deal from one to. four weeks depending upon the intensity of clouds during the 
period. . 

Thus, in the year 1926, the effect of the rising maximum temperature was 
reflected upon ~he production, of vegetative buds within so short a tlme as one week, 
there being practically no clouds in the sky at the time. (Graph No. 74.) In 1927 
and in 1930, on t.he other hand, a period of not less than four weeks was required for 
the manifestation of the temperature effect. This period may be said to be the 
most cloudy in all the six years under study. Rains were also received in this period, 
which arrested to some extent the rise of the maximum temperature. In 1928 
only three weeks were req Ilired. This year the cloudy conditions of the atmosphere 
were intermediate between those of 1926 on the one hand and of 1927 and 1930 on 
the other. In 1929, a still shorter period of about two weeks was required, again 
for the same reason. 

From these considerations, it will be obvious that the initiation of vegetative 
buds in the plant takes place within a period of one to four weeks depending upon 
the intensity of the maximum air temperature before the actual emergflnce of these 
organs. Thus, the production of vegetative buds seems to be determined by tem· 
perature conditions two to three weeks earlier. The intensity of maximum tem· 
perature which determines beforehand the rise or fall in the production of vegetative 
!>u.ds differs .widely in diff~tent years, the e;x:tent of production being conditioned 
by the previous tone of the plant. This will be seen. from Graph No. 7~ 

. : Another corr~lation e)dsting between the air temperature and' plant growth 
is with respect to the production of flower-buds. In all the years, the divergence 
pf the air maximum and the air minimum is associated with the commencement 
of the accelerated growth of the main stem and the production of .vegetative 
buds. But the more noteworthy feature of the time when the difference between 
the two temperatures begins to widen is the sprouting of the first fruiting branc~ or ~ 
other words, . the initiation of the reproductive phase of the plant. This will 
be seen from Table. No .. 178. where the difference between the weekly mean 
maximum and·minimum air temperatures and the dates of the first arrival of flower. 
·buds ha.vlib.een giVIDl.. ... _ .. ~. __ .:. --.- - .- .---.:--.: .. - ...... - -. . .. 
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GiU.m No. 74. 
The mean maximum temperature and the rate o/vegetative bud production 

. in different years, 
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';l'ABJ.lC No. 178-. 

The dtfference' between . the t/Jukly mean maximum fJfld minimum tJi, temperaturu 
and the datu oj the first appearance 0/ jlou'er.bud, 

Week ending 

8thJuIy .. 
10th July .. 
22nd July .. 
29th July .. 
5th August .. 

12th August .. 
19th August .. 

26th August .. 
2nd September 

, 

9th September 

16th September 

23rd September 

30th September 

7th October .. 
14th October .. 

21st October .. 
28th October .. 

Flower.bud arrived in 
week ending. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

Commencement of widen· 
ing between the max. 
and min. temperatures 
after week ending. 

in different l1(,.I1·rs. 

1926. 1927. 1928. 1929. 1930. 1931. 

9·1 10·3 9·0 9·0 7·2 11·0 

8·1 8·5 10·0 8·7 9·3 8·3 

8'8 7'9 7·7 7·1 8·7 8·0 

7·8 6'4 7·7 7·7 7'8 10'8 

9'5 7·7 7'8 9·2 7·7 7·7 

7'5 9'2 9·1 9·0 7·2 8·1 

8·4 9'2 1(\'~ 9·3 g·o 7·7 

7·4 8·9 9·1 8·1 10·4 8·0. 

7·8 g·O 8·9 10·7 12·1 9·7 

9·7 10·7 11·2 11'4 12·0 9·' 

g·O 15'5 13·5 15·5 9·4 13·8 

9·5 15·0 9·2 18'8 12·4 13·8 

14·9 U·8 10·7 16·5 17·2 11·7 

15'1 12·4 U·8 15·8 .. 15·6 

18·0 18·2 22·3 15·5 23·8 9·7 

23·7 18·4 22·7 22·8 23·' 17·3 

25·5 21·3 15·7 28·0 21·3 25·8 

I 24th I 14th 17th 1 9th 1 8th I 28th September. September. September. September. September. September. 

23rd 2nd 2nd 2nd 28th 9th 
September. September. September. September. August. September 
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There is a fairly close agreement between the time of the arrival of the flower
b~d. on the plant and the comme!lcement of divergence of the maximum and the 
~~m~m alr tempera~ures. ~lS means that one of the important factors for the 
Ulltiatlon of reproductive phase In the cotton plant is the rise in the temperature 
difIerence between day and night. 

III. THE THIRD PERIOD OF GROWTH FROM 1ST NOVEMBER TO 15TH FEBRUARY. 

We may now pass on to the consideration of the environment which prevails 
in the third period. This period is characterised, as stated before, by cold weather 
which sets in after the end of October and continues for over three and a half months 
till about the middle of February. The high temperatures both of the soil and the 
aerial environment which dominate the growth of the co~ton plant during the whole of 
October begin to descend in November and reach the lowest values in the season some 
time in the latter part of December or early in January. Just as a rise in tempe
rature in the preceding period stimulates the production of vegetative buds and 
flower-buds, so a progressive fall in temperature leads to a general reduction 
in the activity of the plant as a whole. Although as a result of previous impetus 
to growth, the production of buds both vegetative and reproductive oontinues al
most at the same rate for about a fortnight after the commencement of the decline 
in temperature, new production perceptibly declines from this time onwards until it 
practically ceases by the middle of December (Graph Nos. 67 to 72). Hereafter, the 
plant utilizes all its energies aild resources towards the growth and development 
of the reproductive organs already produced. Thus, in the third period also it is 
again the temperatUl'e that governs all activities of the plant. 

Occasionally after the close of the monsoon, clouds of great intensity precipi
tating in rains may appear in the midst of the crop season and seriously disturb 
the growth of the plant. Their effect may be manifest.ed either immediately or after 
somc time, depending upon the nature of the previous weather. Thus, in 1930, 
they appeared towards the end of October and caused a heavy shedding of flower
buds. This year their effect was immediate owing to the persistent Qloudy condi
tions in the preceding week (Graph No. 71) and their termination in rain. In 1928, 
clouds precipitating in rains occurred twice j once, in the first week of October and 
again in the fourth week of the same month. In both these cases, their effect on 
bud-shedding, in.'1tead of being immediate as in 1930 was manifested after some 
time (Graph No. 69). This was due to the excellent weather conditions obtained 
in the previous weeks. Clouds, less inten.'1e and transitory in chara.cter also affect 
the growth of the plant but their effect is not manifested unless. they are of a 
sufficiently long duration. 

Thus; the plant undergoes a continuous change in response to changes in the 
environment in which it develops and follows up at the same time a certain sequence 
of growth. That it is in equilibrium with its surroundings will be more e.vident 
from the close parallelism existing between the curves for the productlOn of 
flower-buds and for the rate of evaporation of water from an open pan, which re
presents at any time the total effect of the climatic complex (Graph No. 75). Indeed, 
it is not possible to isolate one single factor an?- !!1tudy its influence on. growth. F~r, 
the di.fferent factors involved undergo a contmual change and even if they ramam 
constant, the relationship of growth to temperature or to any other fa?t.or cannot 
be precisely determined as the activity of the .plant and the power of lts response. 
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are governed, in no small measure, by internal correlative influenceR referred to 
in the earlier pages of this chapter. It may, however, be pointed out that among 
the extE'rnal agents which cause variations in growth and determine its magnitude, 
the importance of rainfall a.nd the manner of its distribution cannot too strongly 
be emphasiF.ed. Whate'\'"er the influence exertE'd by any subsequent factor, it is 
the vigour of growth determined hy rainfall, during the seedling stage, that endures 
and moulds the future character of the plant. 

SUMMARY. 

In this chapter the influence of environment on the development of the cotton 
plant has been discussed and the causes of annual variations in growth shown. 
Among the external agencies, the effect of rainfall, clouds, soil and air temperatures 
has been emphasised. It i3 pointed out that the extent of rainfall and the manner 
of its distribution exert by far the greatest influence during the seedling stage a.nd 
determine the future development of the plant. 

S6 



CHAPTER VDI. 

BUD AND BOLL SHEDDING AND ITS SIGNIFICANCE IN CROP 
PRODUCTION. 

Although a good deal of evidence regarding the nature and the C&\l8e8 of bud 
and boll sh~dding has been adduced in the preceding chapt.ers according to exigen. 
cie~ of the occasion, their consistent and coherent account has not yet been presented. 
It IS, therefore, necessary to pu~ together all the results recorded on this subject 

. and .to see how far they are luminiferollS in underst.anding the proLlem of 
. shedding as a whole. 

•• CAUSES OF .BUD AND BOLL SHEDDING. 

It will be remembered that the shedding of buds and bolls is continuous through. 
out the period of their formation and a little over (Chapters ITI and IV). Further, 
the buds incepted early and late in the season always shed at one time or another 
while only some belonging to the intermediate period grow at all and reacb the 
stage of young bolls. Boll sheding takes place after the manner of bud-shedding 
but differs from the latter in the fact that it is v~ry low in the beginning and incre38e8 
in magnitude as the season advances. 

It may further be recollected thlt the shedding of buds and bolls which thuR 
takes place under crop conditions amounts to 90 per cent. and that out of the total 
shed forms as many as 33 per cent. are found attacked by the spotted boll-worm 
while the rema.ining hear no sign of any external injury. The conclUllion Wall, there
fore, drawn that if the plants were grown free from the pest, a material improve
ment in the yield of mature bolls would naturally result. It. was surprising to find, 
however, that although a decided improvement over the normal yield was obtained 
when protection was offered, the increase in the number of mature bolls failed 
to rise in direct proportion to the number of forms rescued from the pest and that 
shedding continued to take place almost a~ heavily as under normal conditions 
-86 versus 90 per cent (page 134). This indicated in no uncert.ain manner that 
the spotted boll-worm was only a secondary or additive factor in shedding and that 
the real causes responsible for such a huge loss of reproductive forms were internal 
in origin and pertained to the life processes of the plant. 

More light on this problem was thrown by the results of such experiments as 
the stem ringing, complete or partial de.foliation, the early removal either of flower· 
buds or flowers, the effect of augmenting food supply in the soil, the effect of increas
ed spacing, ete. - Tbe.se experiments have been already described and discll88Cd 
at some length in the foregoing chapter and hence their repetition here has been 
avoided. Suffice it to say, however, that they aU indicate and even place above 
doubt the fact that the ca'J.Ses of bud and boll-shedding in cotton,. at least in 
this tract, are D'u.tritional in character and that shedding occurs as a direct 
consequence of the insufficiency of food in the plant. 

This deficiency of food operates primarily in two ways: in the first place, the 
quality of the nutritive fluid or the" finished sap" does not become conducive 



to the growth o.f buds and bolls, and secondly when it becomes conducive, it falls 
too short of their current demands. We shall first explain how the quality of the 
sap affects the growth of the reproductive forms and then "take up its quantitative 
aspect. 

QUALITY OF THE SAl' AFFECTING SHEDDING. 

The quality of the sap depends principally upon the relative proportions of its 
constituents and is governed entirely by the soil and the aerial environment of the 
plant. Among the substances present in the sap which exercise a directive influence 
on the subsequent growtli of the plant, the relative amounts of carbohydrates and ni
trogenous cbmpounds have been found to be of the greatest consequence. We have 
Jloint~d ou1; on a previous occasion that d~ing the purely vegetative phase of 
the plant the ratio of the carbohydrates to nitrogen present in the leaf sa.p is at a 
very low level. With the improvement of external conditions, the relative con
centration. bf carbohydrates steadily rises and the reproductive phase happens to 
be ushered on the plant. This rise in tbe relative concentration of the active forms 
of carbohydrates may take place in tbe month of September when opportunities 
for photosynthetic activity of the leaves become more frequent owing tb intermittent 
spells of dry weather and bright sunshine. Such conditions of "Weather do not, 
however, persist for a long time and fluctuate a good deal between those of the rainy 
season on the one hand and those bf October on the other. . 

Under these circumstances, the flower-buds which appear quite early in the 
season owing to local rise in the ratio of carbohydrates to nitrogen, begin shed
ding as a result of subsequent disturbances in the ratio and this process continues 
until the ratio remains fairly constant at a much higher level. A permanent 
change of this type in the quality of the sap generally occurs in the month of Oc
tober .and is accompanied by a greater rate of production as also a greater rate of suc
cess bf the, reproductive forms. These interpretations of the internal changes and 
their. effect upon external plant performance will be evident frbin Graph 
No. ';6 in which the weekly production of flower-buds and their relative .success 
into flowers have been plotted against the ratio curve. The same gra)?h also shows 
the periodical formation of flowers and their relative success into mature bolls. It 
will be seen from this graph that so long as the concentration of carbohydrates 
relative to nitrogen in the leaf sap remains at a very low level, those flower-buds 
which appear eai:ly in the season under temporary conditions favourable to their 
growth, do not remain long on the plant and shed entirely at one time or another. 
When, however, the external environment alters and the ratio rapidly increases, 
both the production and the success of these forms begin and continue at a very 
high rate. 

Any subsequent change in the environment which is calculated to bring about 
a lowering in the ratio leads invariably to the shedding of flower-buds. Th.us, 
the presence of cloudy conditions terminating in rain appears to have a depres~~ng 
effect upon the ratio because owing to a partial or complete absence of suns~lUe, 
the assimilatory activity of the leaves diminishes leading ultimately to a relatively 
low concentration of the carbohydrate material. As a consequence of this change 
in the nutritive quality of the sap, a heavy shedding of flower-buds occurs as happen
ed towards the end of October in 1930 and on two occasions in the same month in 
the year 1928. 
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Another evidence of the view that a highly nitrogenous sap is not conducive 
. to the growth and development of the reproductive forms is available from an 
independent source. It has been stated under manurial experiments (page 21O) 
that whereas in the control plants, flowers from the first flush of flowE:ring in 
1930-31 grew into mature bolls, none succeeded from this flush in the plants 
which received a dose of a·mmonium sulphate along with water during that time. 
These results conclusively show that the failure of flowers from the first flush of 
flowering in the treated plants was the result of nitrogen and water which for some 
time after application, lowered the proportion of carbohydrates to nitrogen in 
the plant sap and thus made it quite unsuited for the development of young bolls. 

In this way, the quality of the sap or the elaborated food-stuff inhibits the sU:c
cess of flower-buds which appear during the initial stages of the reproductive phase 
and leads ultimately to their separation from the parent plant. Having thus dealt 
with the nature of plant sap and its relation to the faih::re of reprcductive forms, 
we may now turn to its quantitative aspect and see how it comes in the way of the 
successful development of all buds and bolls. 

INADEQUACY OJ! THE SAP LEADING TO SHEDDING. 

Although the quality of the sap becomes conducive to the initiation of the 
reproductive phase, the magnitude of production and the subsequent development 
of flower-buds are largely governed by the quantity of food available. According 
to Kraus and Kraybill and according to our results also, the relatively high concen
tration of carbohydrates which obtains during the months of October and November 
is congenial both to the vegetative and the reproductive growth. Owing to a high 
rate of production of the daily output of elaborated food under the most favourable 
concIitions of environment, a certain quantity of this food over and above the current 
requirements of the vegetative growth begins to be available and on the surplus 
food thus left, further growth of flower-buds continues. As the qcantity of the sur
plus food steadily increases, the number of the forms on the plant gradually 
rises. Thus, the vegetative and the reproductive growths of the plant proceed 
simultaneously for some time, the daily output of elaborated food being divided be
tween the two types of growth. In this process, only those flower-buds which have 
established their food-gradient continue to grow and reach the flower stage w,hile 
the rest shed at one time or another. It has been already shown that flower-buds 
are most susceptible to shedding while they are young but once this stage is passc~, 
they remain practically undisturbed in their growth unless subjected to drastic 
conditions of environment. 

As the number of flower-buds that have established their ·food-gradient 
steadily increase, they exert a greater pull on the daily production of assimi
lates with the result that the vegetative growth of the plant slowly declin~s. 
This is well seen from the reduction in the size of leaves incepted In 

November (Table No. 25.) The internodes of sympodial branches. also begin 
to be shorter from this time onwards and. the general. expanslOn of the 
plant as such shows a great tendency towards decline. We have already 
referred to the retarding influence of glowing flower-buds on plant growth 
while discussing the effects of de-budding for various periods (P8:ges 230-237). 
With the formation of flowers and the setting of bolls, practically all the 
food synthesised by the leaves is monopolised by these organs owi~g to their 
higher nutritional gradients and very little is left for furthl'r eXFanslon of the 
plant. The result of this deflection of nutritive fluid towards the growth and 
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dev~iopinent of reproductive forms is that the rate of production of new leavH 
gradually declines and ceases later on with the maximum setting of bons. 
The leaves, incepted during this period never develop to the full stature of those in 
9ctober and, as stated before, their size goeR on rapidly dwindling in the chronological 
order in which they are produced. Owing to the desiccated conditions both of the 
soil and aerial environment and owing also to the increasing shortage of food now 
~elt ,by the vegetative parts, leaf-fall happens to be soon initiated and thus a 
progressive curtailment in the manufacturing units of the plant occurs. 

,While thi~ process continues on one side, some interesting events take place 
, in the growth of the reproductive orgall.'i. Those flower-buds which are the first 
to e«ta blish their food-gradients turn into young bolls and begin to drag larger 
quantitIes of nutrients for further growth. On thiR account as these young bolls 
increase in number, the flower-buds which appear later in the season considerably 
sl1ffer so much so that those inc",pted during the dOlling weeks of the period uf 
bud formation completely shed. As in the case of buds, so in the rase of bolls 
it is always the young ones that stand the greateE't chance of shedding (pages 128 
and 123); hut, once they get over the critical time, they generally have 8. smooth 
sailing towards matjlrity. Thus, while on the one hand the quantity of food daily 
manu,factured hy the leaves gets Rteadily reduced o\\ing to the commencement 
pf leaf fall, the demand for food on the part of growing bolls rapidly increallt~1I 
on the other. This state of affairs does not continue very long. As the leaf-sur. 
face gets steadily reduced, the food synthesised undergoes naturally a corresponding 
reduction, "'ith this coni'!equence that the shedding of bolls which was very low in 
the beginning increases until all the 1)01ls formed during the closing weeks of the 
flowering period never develop to maturity and shed at one time or another. 

During all, this time, the plant practises the greatest economy of nitrogen. 
It has already been stated that the plant withdrawi'! nitrogen in preference to 
carbohydrates from leavE'S prior to their shedding and even from flower·buds and 
bolls which fail to efltablish their food-gradient and shpd in consequence. The 
quantity of nitrogen thus saved from these organs and utilized again for the growth 
of surviving buds and bolls ii'! indeed very great and is equivalent to ahout 15 mature 
bolls per plant. In the absence of this quantity, the wholesale shedding of bo1l8 
which takes place late in the Reason would have started er.rlier and led t,o a aerions 
reduction in the yield of mature bolls. ThuR, although the plant exercises 1\ very 
great economy, the qmmtity of the food daily synthesised is al\\ayll below the cur· 
rent needs of the reproductive formR. On this acconnt, a continuous, shedding of 
both the buda and bolls occurs, the rate of shed<ling varying according to the amount 
of food a\'ailahle at the time. 

1'he phenomenon of shedding, then, is merely an outliard expression of the 
internal shortage of elaborated food so essential for the gl owth and devt'lopment 
o£.reproductive formi'. It is indeed a case of Itarvation of a large number of buds 
and boll'i which shed owing to the activity of cambium at the ballis of pedicels. 
,According to this evidence, shedding is a simple ca.'ie of the non-develOJlment 'of 
emerged organs on the plant. Auch a failure of the growth of emerged organs 
-whether rE'productive or vegetative-ill, however, by no means restricted to the 
potton plant alone. The failure of a large number of tillers 'of late origin to develop 
,~o maturity has heen established in rice by Joshi (UJ23) and in wheat by Doughty, 
,Engledow and Sansum (1928). It is a phenomenon of wide occurrence in plant 
life. Baily (IU08) asserts that probably less than a fifth of the buds upon any tree 
ever make any branches and less than a filth of ~he branches ever persist. 
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2. SIGNIFICANCE OF SHEDDING IN CROP PRODUCTION. 

It will b? clear from the precedir.g discussion that the natural shedding of buds 
and bolls whICh occurs to balance the growth of the plant as a "hole in accord
~nce with the interna~ condit.ions of food supply at all stages of development, 
IS not a matter to be vIewed wIth concern. It ensures the completion of the life
cycle of the plant and secures under the changing conditions of environment (1) a 
maximum possible plant expanse and (2) a maximum formation of mature bolls. 
A'i such, shedding does not lower the yield; for, what is shed is not from what 
the plant could IJave retained and grown to maturity. It is not a disc,tsC which 
leads to a curtailment of yield-producing organs of the plant. Had it heen so, yield 
would have gone down proportional to the loss of these forms. It may bc remem
bered that budfl lost by shedding are constantly recouped by new production and 
therefore t,hcre is never a dearth of these organs if the plant has had the canacity 
to nourish them to maturity. The number of hud.'1 on the plant, at any st~gc of 
plant growth, is always in excess of its capacity to maintain them. The same 
holds true in the case of flowers and bolls as well. 

If, however, buds and bolls already set growing on the plant are caused to shed 
by any extraneous agency, it may lead to a lowering of the efficiency of the plant 
for boll "production. The degree to which this efficiency would be lowered is 
governed by the nature and extent of augmented shedding. If shedding is aug
mented on a single occasion in the midst of the season as occurs under the influence 
of cloudy conditions terminating in rains, it does not lower the efficiency of boll
production as has been .shown on page 243. If on the ot,her hand, shedding 
is augmented continuously as happens under the damage of the spotted 
boll-worm, it lowers the efficiency of the plant to sustain bolls more or less pro
portional to the loss of the successfully growin~ organs. It has b('en shown that 

,under the spotted boll-worm conditions, the yield is lowered hy 30 to 50 per cent. 
o depending upon the virulence and duration of attack on buds and bolls (page 135). 

The chief reason for this reduction, as shown by the results of the wholesale 
and partially augmented bud-pruning experiments (page!'! 240-243), and the 
studies on the distribution and absorption of nitrogen in the plant, is that tho 
retention of successfully growing buds in partialnumbel's has a retarding influence 
on the capacity of Ule plant for recuperating the lost buds. This results in reduc
ing the number of buds that grow successfully into flowers. Flowering gets also de
l,ayed and protracted with this consequence that the time of boll-setting instead of 
commencing before the start of leaf-fall is shifted forward and made to synchronisc 
,,,,it,h it. It is unnecessary to mention that the nourishing power qf the plant at. 
the ,commmencement of leaf-fall is seriously reduced and hence the low efficiency 
for boll retention. 

This loss of efficiency of boll production under conditions of constant damage 
,to the successfully set buds in partial number, is permanently stamped on the 
plant and is not remediable even by augmenting the supply of nitrogen which ~as 
been found to be one of the important limiting factors of fond ~or ~ great!'~ retcntIOn 
of buds and bolls. The results of our experiments on the applicatIOn of rntrogenous 
fertilizers have conclusively shown that with the same addition of nitrogen the high
ly efficient protected plants give a larger return in the form of mature bolls than the 
less efficient unproteeted plantl;l (page 203). 
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3. IMPROVEME"ST IN YIl':LD. 

We have already referr<:>d to the shortage of nntritkn in the plant a. the 
primary cause of the failure 'of a. large number of buds and bolls to grow. This 
shortage can be remedied either by (1) supplementing plant-food in the soil or by 
(2) *evolving a more efficient type of plant or by (3) Il. combination of bot,h. The 
efforts made in these directions have yielded results of practical importance. 

The yield in cotton is determined by the number of mature bolls on the plaut 
and the yield of sPoed cotton per boll. 1'he mature boll is the final stage of the 
flower-bud. The number of bolls on the plant would, therefore, have been equal 
to the number of flower-buds produced if all of them had grown. But as we have 
seen, this does not at all happen and many flower-buds shed either as buds or as 
young bolls owing mainly to nutritional deficiency. Hence, the number of bolla 
on the plant is determined by the percentage of flower-buds that grow successfully 
into flowers and of flowers that develop into mature bolls. Thus, the yield in 
cotton depends upon the following factors: 

(1) Number of flower-buds on the plant. 
(2) Percentage of flower-buds growing into flowers. 
(3) Percentage of flowers retained and grown into mature bolls. 
(4) Yield of seed cotton per boll. 

The sa-me yield can, therefore, be attained by a number of permutations and 
combinations of these factors and similarly an increase in the same can be effected 
by increasing simultaneously the magnitude of each of the~e fll-ctors or by 
increasing substantially the magnitude of one or more of thelle factors. 

It hall been shown that for the fullest expression of each of these four attri
butcs of yield, nitrogen becomes deficient. Application of nit,rogen during the ve
getative phase leads to an increase in the expanse of the plant and thereby in the 
number of flower-buds (pages 198-217). If the supply of additional nitrogen 
is continued during the phase of flower-bud development, it results in increasing 
the proportion of this increa8ed flower-bud production to grow successfully into 
flowers; if, again, the supply is continued still further to the stage of boll develop
ment, it goes to help the setting of more flowers and mature bolla. Making 
nitrogen available during the phase of boll devclopment increases the yield of 
seed-cotton. By maintaining a steady supply of nitrogen at all stages of develop
ment the yield of the plant has riRen from four to five times (page 208). If, 
however, the supply is maintained for any shorter period the plant responds by 
giving proportionately increased yields. Comparatively larger yields are obtained 
by making additional nitrogen available during the first half of plant growth 
(page 205). 

The problem of increasing the yield of cotton, in the Broach tract, is therefore 
the problem of increasing the nitrogen fertility of the soil so as to make more 
nitrogen available at all stages of the plant. 

, Under conditions of crop production, it is not possible to administer nitrogen 
during periods of bud and boll development. It has got to be applied in one dose 

• The work done on the evolution of a more efficient type of cotton baa been omitted from 
this monograph. 
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during the seedling stage to get the fullest benefit of rain-water required for de. 
solving and making it available to the plant. It has heen found that the nitro. 
genous fertilizer should be applied close to the row of plants so that the young seed. 
lings begin to be benefited without much loss of time. Our experiments have shown 
that application of sulphate of ammonia in increasing quantities from hundred 
to two hundred pounds per acre, leads to proportionately increased yields from 
twenty to forty per clmt. This increase is enough to meet thc cost of the fertilizer 
and incidental charges. For making nitrogenous manuring profitable, either the 
prices of seed-cotton must go high or nitrogen must be made available at a much 
cheaper rate. For this purpose, cheaper rei'lources or nitrogen such as green-manure 
compost, poudrette and other organb matters, that are at present neg~ected must 
be crit,icaHy tapped. Tho use of organic 'D.anures has the extra advantage of 
steadily building up the fertility of tho soil by their cumulative effects. 

The importance of these findings from the practical point of view cannot. be 
over-rated. The finding that soil-moisture in the Broach cotton tract is not de
ficient for the present crop and that it is even enough for a larger crop (fifty to 
hundred -per cent. larger) is of no small importance. For, if the moisture had been 
limited, it would not have been possible to supply it in the absence of any irriga
tion facilities in this tract. Nitrogen alone is deficient in these soils for increased 
yields and it should be practicable to augment its supply within the economics 
of cotton farming. 

SUMMARY. 

This chapter contains a brief survey of the results obtained on the nature and 
causes of bud and boll shedding. It discusses also the significance of natural and 
aU17mented shedding in crop production, and describes finally the different yield 
attributes and the ways and means of increasing the load of mature bolls on the 
plant. It is pointed out that the shedding of buds which appears quite early in the 
season is due to uncongenial quality of the sap and that the rest of the shedding 
of both buds and bolls which occurs incessantly thronghout the period of their 
formation is the result of food shortage in the plant. On this account, it is empha
sised that the shedding of reproductive organs which takes place in the natural 
course of growth adjustments need not be viewed with concern. 

S7 
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TABLE No. lAo 

Monthly rainfall in inches at Surat. 

Year. Jan. I Feb. I March, I AprU, I May, I June, ,I July, I Aug" I Sept, I oct, I NClv, 1 Dec. I Total, 

1877 .. .. .. .. I .. 
0:00 

.. S'74 S'OO S'97 2'48 O'S8 .. " 18'S7 
1878 .. " .. .. .. 

o:h 
1S'78 24'44 14'90 SO'48 0'95 .. .. 84'61 

1879 .. .. .. .. .. .. 8'95 5'26 12'61 0'04 S'SO .. .. 85'17 
1880 . , .. .. .. .. .. .. 7'70 9'07 0'77 D'15 S'21 .. .. S2'50 

1881 ... .. .. .. .. .. .. 0'68 15'07 7'05 0'71 1'28 O'lS .. 29'87 
1882 .. . , 

0:00 
.. .. .. 

0:i7 
8'84 22'08 1'18 10'84 

':80 
.. .. 42'94 

1888 .. .. .. .. .. 17'76 14'4S 2'SS 10'62 .. 
o:is 

60'17 
1884 .. .. .. .. .. .. .. 4'S5 15'69 2'62 10'24 l'lS .. 40'10 

1885 .. .. .. .. .. .. 1'96 0'57 14'08 17'69 1'40 2'81 0,05 .. 88'64 
1886 .. .. .. .. .. .. 0'04 15'08 19'86 11'73 1'98 2'77 

1:85 0:i6 
49'41 

1887 .. .. .. .. .. .. 0'60 8'08 22'16 0'48 l'S6 
o:io 

89'69 
1888 .. .. .. .. .. .. .. 6'97 15'87 0'06 0'24 0'20 .. 29'49 

1889 .. .. O'Ill .. .. .. 0'17 2'88 25'78 S'4S O'SO S'47 
0:04 

.. 41'00 
1890 .. .. .. .. 

0:04 
.. .. 29'98 1S'9S O'2S 12'S8 0'87 .. 62'4S 

1891 .. .. .. .. .. 
0:i2 

0'60 41'88 12'87 "94 0'18 .. .. 60'41 
1892 .. .. .. .. .. .. 12'95 21'64 7'78 12'61 0'06 " .. 66'16 

1898 .. .. 0'10 .. 0'17 .. 23'41 10'76 0'69 S'80 0'47 .. I 45'45 
1894 .. .. 0:80 .. .. .. .. 7'62 28'75. 4'66 8'87 16:89 .. .. 65'08 
1105 .. .. .. .. .. .. .. 6'SO 1S'25 5'27 S'SS 1'42 

0:711 
.. 29'07 

1898 .. .. .. .. .. .. .. 8.'48 28'74 6'60 1'22 .. .. 42'88 

1897 .. .. .. 
1:08 

.. .. .. 1'68 12'48 18'04 7'64 l'8S 
o:is 0:08 

S9'02 
1808 .. .. .. .. .. 

0:02 
12'39 12'08 1'76 "47 .. 82'64 

1899 .. .. .. .. .. .. 16'S2 0'87 0'74 0'54 .. .. .. 18'49 
1900 .. .. .. .. .. .. 0'10 0'10 IS'88 17'84 2'77 .. .. " 84'111 

1901 .. .. O'S8 .. 0,01 1'20 0'08 0'21 12'!7 S'45 O'S5 0'" .. 
0:84 

18'411 
1902 .. .. 0'60 .. .. .. 

0:08 
1'69 25'SS 12'15 14'S9 0'28 .. 65'08 

1908 .. .. .. 
0:60 0:81 

.. 1'95 19'67 10'02 8'46 0'12 .. o:cis 40'19 
1904 .. .. .. .. .. 2'12 4'76 1'74 8'91 0'88 .. 14'29 

19011 .. .. .. 0'24 0'16 .. .. 1'61 15'U 1'72 1'18 " 0'02 .. !G'20 
1908 .. .. 

0:08 
0'17 .. 

0:06 
.. 0'16 10'61 8"05 2'08 0'11 .. .. 29"88 

1907 .. .. .. .. .. 4'83 18'" 15'28 0'20 
0:01 :: I .. 88'88 

1908 .. .. 0'82 .. .. .. .. 2'S3 83'S5 8'48 1"98 .. """ ------------------ -------
A veralll of 82 yean 0'07 O'OS 0'02 0'06 0,10 7'4" 17'04 7"87 0'07 1'81 0'11 0'04 40'011 

(From 1877 to 1908 "'. data an from "'_ ClvU BOIPltal, Surat. and from 19011 to 11181 the, are from th_ AgrIeulturalStaUOllo 8unt,' 



TABLE No, IB. 

Monthly rainfall in inche8 at the Agricultural Station, SurGt. 

Year, I Jan, I Feb, \ March'l AprU, I May, I June, I July, I August, \ Sept, I Oct, I Nov, I Dec, ! Total, 

1909 " " 0:03 
0'0/; 

" 0'03 .. 11'13 27'08 7'01 0'67 0'38 
0:27 

0'63 6S'83 
1910 .. .. " .. .. .. 16'07 7'30 7'14 1'05 1'81 " 82'23 

1911 " .. 0'04 " 
0'16 .. .. 6'20 2'08 7'Sl 2'71 

1:90 3:00 " 17'49 
1912 .. .. " .. .. .. .. 5'92 82'07 6'4" 2'10 .. 61'88 

1913 " .. ,. 
o:io 

.. .. " 1S'4S S'43 S'08 2'71 0'01 
1:33 " 88'20 

19U. .. ,. .. " .. .. 22'18 18'04 2'02 10'64 .. " 80'81 

1916 " " " .. 0'12 .. 
0:41 

9'07 O'Sl S,10 4'17 S'OO " .. 27'OS 
1910 " .. .. " ... .. 6'20 18'97 10,84 11'07 4'01 .. " 67'16 

1917 .. .. .. .. .. .. 4'15 11'88 12'72 8'95 5'93 16'76 .. " 00'S9 
:t91S .. .. .. .. .. .. 0'95 1'14 12'26 8'04 0'24 " " " 17'62 

1919 .. " O'OS .. .. .. .. S'30 16'60 11'73 4'54 2'73 0'04 " S7'97 

1920 " " S'9S .. .. .. .. 7'70 10'61 4'61 2'13 .. .. " 28'84 

1921 .. .. .. .. .. .. .. 0'81 27'42 S'18 11'71 .. 
0:i5 " 48'12 

1922 .. .. .. .. .. .. .. 14'70 13'49 2'07 ll'17 .. .. 41'48 

1928 .. .. .. 0'54 .. .. .. 0'05 14'62 0'54 2'96 
0:81 

.. " 24'71 
1924 " .. .. 0'03 .. .. .. 7'S6 18'74 18'12 0'10 .. " 41'16 
, 
1925 " .. 

1:87 
.. .. .. 1'76 17'83 2'86 4'15 1'04 .. 0'00 .. 27,19 

1926 .. .. .. .. .. , . 0'97 28'96 19'77 13'25 .. .. .. 64'S2 

1927 .. .. .. .. .. .. .. 9'90 12'34 S'49 4'24 2'15 2'88 0'02 85'08 
1928 ". .. .. .. .. .. .. 2'91 11'86 S'96 0'28 0'87 0'29 0'04 26'21 

1929 .. .. .. .. .. 0'08 .. 9'04 S4'82 S'25 0'46 0'32 .. 0'88 48'29 
1980 .. .. .. .. .. .. .. 16'43 15'95 2'45 5'40 0'95 .. 0'10 41'28 

1931 .. .. .. .. .. .. .. 0'85 25'79 15'04 S'88 8'20 0'00 .. 63'S8 

------------------ ---------------
Average of 28 years 0'23 0'03 0'01 .. 0'32 8'56 10'26 7'11 6'51 1'92 O'S7 0'07 40'39 

Average of 66 years 0'14 0'06 0'01 0'08 0'19 I 7'94 16'71 7'26 5'84 1'74 0'22 0'05 40'20 
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.TABLE No.2. 

Weekly rain/aU in inches at the A(lricttltural Station, .flurat. 

(Avera.ge o~ 23 y~8 :fron;llgo9 ~ 1~3q 

Week en<ling Average of 23 years. 

From lBt January to 27th May •• 0·40 

3rd June. 0·3l 

lOth June. 0·'10 

17th June' ... .. .. .- .- 1·'12 

24th June 2·29 

lBtJuly 4-30 

8th July 4·26 

15th July 3''11 

22nd July 3-00 

29th July :i-91 

5th August 2-'19 

12th August 1-25 

: 19th August I-n 
26th August 1-13 

2nd September 1-47 . 

9th Septemb~r 1-34 

16th September' 1-29 

23rd September 1-97 

30th September 0-79 

7th October 0·S7 

14th October O·M 

21st Octobe~ . -~ .:. , . 0-15 

28th October 0·21 

From 29th October to 31st December 0-48 

Total -- 40·39 
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TABLE No.3. 

Mea?" monthly-. Maxim!,m.and Minimum temperatures, Relative humidity, Vapour 
tensUJn and Wtnd velocdy, recmded by the Indian Meteorological Department at Surat. 

Temperature of Differences Relative Vapour 
Month. between Humidity tension at Wind 

I 
Max. and velocity 

Max. Min. Min. %at8a.m. 8 a.m. in M.P.H. 
of. 

I 
, 

I January .. .. 86·5 57'6 28'9 62·1 0·373 2·6 
February ., .. 89·2 59·6 29'6 60·2 0·403 3·1 

March .. .. .. 96·0 66'8 29'2 60·0 0·537 3'3 
April .. .. .. 99·5 73'6 25'9 62'3 0'706 4·1 

May .. .. .. 97·4 78·8 18'6 66'3 0'831 6·6 
June .. .. .. 93·1 79'8 13·3 76'9 0·916 7·4 

July .. .. .. 87·3 77'7 9'6 85'5 0·919 7·3 
August .. .. .. 86·4 76'8 . 9'6 85'3 0·885 5·7 

September .. .. 88·6 75'8 12·8 82·5 0·862 3·7 
October •• .. .. 93·5 71'8 21'7 70'0 0·714 2·4 

November .. .. 91·5 64·5 27'0 59·3 0·490 2·7 
December .. .. 87·5 59·0 28·5 60·4 0·395 2·6 

TABLE No.4. 

Amount of water held unfree out of 10 C.c. of added water, in several layers of the 
soil, in the flat area for the year 1926-27. 

SOIL LAYERS. 

Date of sampling. 
%21 to 45 45 to 671 671 to 90 Average for 5 to 221 221 to 90 ems. ems. ems. ems. ems. 

18th October .. .. 5'90 5·35 3·20 3'85 4·1 
1st November •• .. 6'60 5'45 4·45 5·60 5·2 

15th November .. 3'95 3'45 4·30 6·70 3·9 
29th November .. 4·20 4'60 4'40 5'90 5·0 

13th December .. 5'00 5·10 5·60 3·20 4·6 
29th December .. 4·10 5·50 6·15 5'85 5·8 

10t·h January .. .. 4·30 5'00 4·50 6·10 5·2 
24th January .. .. 5·20 3·90 5'80 5'95 5·2 

7th February .. .. 3·00 6·05 4·90 4'90 5·3 
22nd February .. .. 5'70 5·50 5·20 4'20 5·0 
7th March .. .. 5-00 4-90 5·40 5-50 0-2 
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TABLE No. 5. 

Amount oj water 'heid unJree out oj 10 C.c. oj added water. in 8everaZ layer8 0/ tAe 
8oil, in the flat, area Jor the year 1927·28. 

SOIL LA YBBS. 

pate of sampling. 
221 to 45 45 to 671 671 to 90 I Average for 

cms. cDlli. CIIllJ. 
221 to 90 

CIIllJ. 

5th October 5'00 4·40 4'05 "60 

31st October .. - 5-20 4-60 "10 "60 

15th November 6·10 5·90 6'36 6'10 

28th November 5·75 6·20 6'50 6·20 

12th December .6'00 4'60 4'85 IHO 

26th December 4·20 5·40 6'20 11'30 

9th January 6·20 0·70 0·70 6'90 

23m January 5'80 6·00 6·20 8'00 

7th February 5'00 0·50 0·70 6·60 

22nd February I (Determine don a mixed BIIomple). 6·20 "I 
5th March ' .. I 0·40 '·70 '·20 "80 



TABLE No.6. 

Percentage oJ totaZ moi8ture in 8everaZ layer8 of the 8oil, expres8ed on oven-dry basis. 

Period. ending 

.' 
:14th September' .. .. " . . 

4th October .. .. .. .. 
ISth October .. .. .. 
31st October .. .. .. .. 
15th November- . , .. .. 
28th November ., .. .. 

" 

12th December ., .. .. 
26th December' .. .. .. 
. 9th January, 1928 . , .. 
23rd January •• .. .. 

'7th February .. .. .. 
21st February .. .. .. 
5th March •• . , .. .. 

20th March .. .. .. 
4th April .. .. .. .. 

,17th April .. .0-" .. - .. 
1st May .. .. .. .. 

15th May .. .. .. 
, " 

1927-28. 

UNCROPPED LAND. I 
5-221 '~ 22!-45 45-671 67t-'-90 I 5-221 

cmB. ems. cms. ems. ems, 

27'40, 26·10 24·37 25'00, .... 
33·33 29·70 2S·37 27'S7 . . 

-
31'40 30·20 2S'73 27'55 .. 

. '29'70 30·21 2S·53 26:42 ',', 

., 34·77 31'75 30~55 29~70,: 
32·10 30·04 2S'45 ~ 29'S7 .. .. . 
29'S7 30·04 27·87 29'03 .. 
28·20 30·04 27 -:39 28'53 ',' 

'27·87 27·87 26·24 25'7S .. 
25·42 27'46 25·25 25'00 . . 
25·39 2S·73 2S,'24 28·71 . . 
23'45 26·75 26·32 2S·73 . . 

, 
22·20 23'53 22·92 : 25·63 .. .. .. .. . . . . 
.. .. .. . . . . .. .. .. .. .. 
.. .. .. . . . . .. .. .. .. .. 

.. 

• Rain equal to 2·90 inches on llth and 12th November. 

CROPPED ,~AND. 

221-45 
em\!. 

. ... 
29·70 

24·22 
20'19 

30·3S, 
30·55 

23·61 
24'6,8, 

213·85; 
20·25 

22·20 
20~35 

20'87 
19·72 

20'45 
16·93 

17·60 
17'78 

... •. f'. 

2S·20 

31·07 
24'Or 

30·S9 
29·87 

24'S4 
23-15, 

22"85 
20·77 

22·74 
2()ol9 

20·73' 
19·80 

lS·64 
17·01 

IS·48 
IS·34 

67!-90 
,(,lnS.-

, , 

,." . 
27·71 

.. 
~·68 

-:26,9.0 
27·88 

' . 
22·92 
_2,3·,4~ 

25·12 
21·33 

22,37-
23'59 

20·92 
20·60, 

20'82 
19·39. 

19·2S 
18·51 



TABLE No.7. 

Percen.tage q/ total. !fIoisture in 8everallayer8 of the ~~il, expre88~ on oven.dry basis. 

1930-31. 

I.: UNCROPPED LAND. C"ROPPED LAND. 

Period ending 
22f-45 I i~671 I 67i-9O 
. ems. ems. ~ms. 

2l.t Allgust. 1930 . . .. .. 27·23 .28·20 .. I . . 28·04 29·53 . . . . 

Srd September •• .. .. " 29·70 .29·37 29·03 .29·37 29·70 31·92 29'37 

23rd September R .. .. .. 32.80 31·23 28·70 29·70 29·20 30·38 30·21 

'Ith October .. .. . . .. 2~'70 .30,89 29·20 29·20 28·37 28·37 28'20 

21.t October .. .. · . " 28·70 i7'39 26·90 2'7·39 22·70 24'68 26'74 

. 4tli November R .. .. " 29·87 29·03 27·71 27·71 24·22 26'10 27'39 

l~t~ November •• .. .. " 30'04 28·70 28·53 28·70 21'80 22·70 25'31 

2nd Deoember •• -' .. .. 26-42 26·26 27-06 26·90 19·90 20·19 21·80 

16th December •• .. .. .. 25·46 27·39 29·37 29·20 19'76 22'40 22'70 
) 

30th December •• .. .. , .. 24-37 26·58 27·23 27·06 18-76 20'19 20·77 
.. 

13th January. 1931 . - · . .. 25-46 25·78 28'04 27·88 18·76 20-19 20-77 

27th JNluary .. .. · . .' . 25-31 25-94 26·42 27·88 19·19 20·05 21·21 

10th Febnlary _. .- .. .. 22·25 :3·30 24-37 27-115 17·23 18·76 19·62 

24th February .. ' . ' . ~ .. . ... , .. .2t·40. 23-91 25·82 25'78. 17-91 19·33 19-90 

.-Saill. 

•• 
28·88 

30·55 

28' 3'Z 

26'58 

27'88 

25''18 

23-15 

23'61 

21·95 

22-25 

21-80 

20'48 

20·83 



TABLE No. 8. 

Percentage oj total moisture in 8everallayer8 oj the BOil, expres8ed on oven-dry bam. 

1931·32. 

UNCROPPED LAND. CROPPED LAND. 

Period ending 
5-221 221-45 145-671 671-90 5-221 221-45 45-871 671-90 

ems. ems. I ems. ems. ems. ems, ems. elDll, 

. . 

25th September (1931) .. " 30'89 29·20 30·27 30·21 30·04 31·58 29·37 29·87 . 

9th October .. .. , . . . 31·93 31·06 31·06 30·72 31·93 32'45 30·21 30·21 

27th October ,. " .. " 31·93 30·55 31'58 30'89 31·58 30·72 29'70 30·38 

lOth November •. . .. , . '" 32'45 32·28 30'89 30·21 27'55 29·37 28·86 29'87 

24th November., .. .. .. 29·70 28·86 29·37 30·38 23'61 26'42 28'86 29·03 

9th December; . ,. .. .. 28'53 28'04 29'20 29'20 23'00 25·78 27'06 28'20 

2~nli DeceJIlber •• ,. .. ." 26·26 28·04 29'20 29·53 21·36 24·22 25·78 26'42 

5th January (1932) " 
., .. \ 26·42 27·55 .. 29·37 20'63 22'25 23'61 24·53 

HIt» January ,. .. ' .... .. 26'42 27·71 28·20 29-03 UI·47 21'51 22·55 25.16 

2nd February .. .. .. .. 25·16 27·23 28'04 29·03 19·62 19'90 21'07 22·85 

1,6.th February .. .. .. .. 23·46 25·94 25·46 26·90 17·51 1S·06 19·33 21·07 

ll~ March .. '0 .. .. 20·63 23'91 24'07 25·94 15·61 18,62 18·48 19·91 

, 
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TABLJI No.9. ; 

, Percenk£ge oj total moisture in several layers 0/ the BOil, 'Upr688e4 on oven-dry basis. 

(Crop 'under boll-worm condition.) 

1926-27. 

I 
AVMBg8 of 6-221 221-45 '5-671 

\871-
90 Da~ 0.' sampling. cms. cms. cms. cms. 221-90 

cm8. 
, . 

'th Octooor .. .. .. 29·53 28·28 28'28 28·00 
1 

28·20 
18th Oct.ober .. .. .. 22'89 22·73 26·58 27.8' 26·'70 

1st November .. .. . . 22·04 21'85 22·19 2'·15 22·70 
15th November . ,. .. .. 21·15 23'85 2"16 23·21 23'80 
29th Novemoor .. .. 19·39 23·06 2'·97 2'·9. 2.·30 
13th December 0.. .. .. 19·33 23·33 24·10 25.69 24·.0 
29th December .. .. .. 14·49 19·02 19·33 19·82 19·40 
10th January .. .. .. 14'23 20·30 19·33 21,,24 20·80 
24th January .. .. . . 11·14 20·71 20,'2 21·68 20·90 

7th February .. .. .. 11·36 19'62 21-18 21·95 20·90 
22nd February .. .. .. 18·12 19·56 21·12 21·.9 20·70 
, 7th March .. .. _. 13'57 18·13 20·38 20;77 19·90 
21st March .. .. .. 10·30 14·05 17·15 17·69 l6·30 

'tABLE No. 10. 
, I 

! Percentage o/total moisture in several layers ,0/ the soil, exprused on OfJen.dry· bariI. 

(Crop under boll-worm conditio~.) 

1927-28. 

.. 
6-221 221----:45 ; '6-871 671-90 

Avei-8ge of 

~ Date 0(' ,Bampling. cms. cms. i cms. cms. 221'-00 
" : CllUl. . 

'th October 
I 

27·71 28·50 .. · . .. .. 29·70 28·20 
18th October .. .. .. . . 24·22 31·07 .. 2'7,70 
31st Octo\ler . 20:19 

; 

24·07 24,68 23·00 ," ", .. , . 
15th November ' .. · . .. .. 30'38 i 30'89 26'90 29'40 
28th November ., .. .. .. 30· liS 29·87 27;118 20·'0 
12th December _. 23·61 24·84 22·92 23·10 
26th I>ecemoor 

. 
24·68 , 23·15, 23~.6 23·80 '4 · . ... . ' .. 

, 9th January .. .. . . _ . 23·85 22· SIS 25 J12 2-&'00 
23rd January .. .. .. .. 20·25 20·77 21;33 20.80 

'l'th FebOlary. .. . ~ .. .. 22~20 22·74' 2:1·37 22.'0 
2lst February .. . , .. .. 20·35 20·19' 23·59 21·.0 
5thMaroh ' .. .. .. .. 20-87 20·73. 20·92 20·80 

20th March ,- · . .. .. 19·72 19·80 20·60 20·10 
3rdAprii . 20"5 18·64 20'82 20.00 ;,. .. .. :0. I 17th April , · . .. .. 16·93 17·01 19·39 17.80 
1st ~ay, ' 

. ,' 

I 17·60 18.'8 19·28 18.50 .,' ... .. .. .. 
J5thMay,' , .. ,. .. 17·78 18·M 18'51 18.20 .. 



T.wiENo. n: 
'Percentage 0/ total1TWisture in several layers 0/ the 's~il, expressed On oven-dry ba8is .. 

(Crop under boll-worm condition.) 

1928-29. 

5-221 221-45 45-671 671-90 
Average of 

Date of s~mpling. ' 221-90 
ems. ems. ems. ems. ems. 

I 

2nd October: .'.' .. ... 25'7S 27'·32 27·66 26·'66 27·2 
16th October; .. .- .. 19·55 24·39 26'57 27'·~H 26·1 
30th October .. .. . . 19·33 22·29 28·30 24;,'50 23·4 
13th November .. .:. .. IS'4S 20·IS 21·17 23·99 21·S 
27th November .. 01" .. IS·65 20·21 20·22 21·11 20·5 
lith December .. .. .. 16·16 19·42 20·06 2()'1l5 20·1 
25th December .. .. 16·69 19·46 19·65 20·03 19·7 

Sth January , .. .. .. 15·37 19·27 19·37 20''4S 19·7 
22nd Janual')' .. .. . . 15·07 19·14 19·74 2()·'4S 19·5 
5th February .. .. . . .14·6S 19·16 19·69 2()'23 19'7 

19th February, .. ... .. 13·63 IS'55 IS'SI 20·39 19·3 
6th Mal'eh .. J. .. . . 19·52 20·0S 21''77 20·6 

20th March .. .. . . .. IS·55 IS'90 2()· 32 19·3 
11th April .. 4" .. .. 17·14 17·36 19·80 '1'S·1 

.. 

TABLE No. 12. 

Percentage 0/ total1TWi8ture in 8everal layer8 0/ the soil, expres8ed on oven-dry basi8. 

(Crop under boll-worm condition.) 

J929-30. 

Date of sampling. 5-221 22~r 45-671 67!-90 Average of 

em.~. ems. ems. ems. 221-671 
em.:;. 

-

5th September ..... .. ., ~S· ,21. '27·15 '29·36 .. 2S'26 
19th-September .. .. .. l!7·55 2S·12 28·S7 .. 28·50 
lith October '.' .. .. 27·71 27·79 '26'42 .. 27·11 

14th October .. .'. .. 25·00 ~7'71 29·20 . . 28·46 
28th October .. .. . . 24;22' .26·74 21·71 .. . . 27·23 

. . . . .. Average 'of 
, , . 22!-90em,. 

lith November ., .. •. Not deter· 25·47 26'S2 28·87 27·05 
ni,ined . 

23·92 27.·71 25th November . .. .. I ' . ~8·70 26·711 
9th December . , .. 21·65 22·85 24·07 22;S6 

23rd December .. "I 22·55 23·92 .. 24·07 23·51 
6th January . .. 23·69 24·07 21·07 23'94: 

20th January .. 23·00 23·76 23·76 23·51-

"I I 3rd Feb'ruary .. .. 21·36 21·95 22·10 22·00 
17th February .. - .. 20'85 21·' SO " 22·25 

I 
21·63 . 



',rABUI No. 13. 

Perce-"tage. 0/ total moiature in tAe ,e~allayer, o/IM fOil, uprUletI " ~,.-tl,., ~. 

(Crop under boll-worm condition_) 

~930-31. 

Date_of sampling_ 6-221 221-'5 46-871 871-90 
Average 01 

eJIl!I. e~. cms. CIDII. 
221-90 

cma. 

21st August .. .. .- 28-04 I 29-63 .. .. .. 
3rd September .. .- .- 29·70 31-92 29-37 28-88 30-05 

23rd September R __ -- .- 29-20 30-38 30-21 30 .. ,,5 30-38 
7th October _ • -- .- 28-37 28-37 28-20 28-37 28-31 

21st October .. -. .. 22-70 24·88 26·" 26-58 28-00 
4th November R ••• . - .. 24-22 26-10 27-39 27·88 27-1Z 

18th November .. .. .. 21'80 22-70 25·31 25·78 U-59 
2nd December .. .- -' 19·90 20·19 21-80 23-16 21·n 

16th December .. .- .- 19-76 22-40 22·70 23-81 22·90 
30th Deeember .. .- .. 18'78 20·19 20-77 21-95 20-97 
13th January .- .- .- 18-78 20-19 20·77 22-25 21·07 
27th January .. .. .-- 19-19 20-05 21-21 21·80 21-02 
10th February .. .- .. 17-23 18-76 19-82 20-48 19-82 
24th February .. -- -- 17·92 19-33 19·90 20:63 19-95 

R=Rains bet·ween 3rd September and 23rd September, 5- 32 inches; on 14th September, 
3-92 inchea, on 30th October, 0·95 inch. 

'l'ABloE No_ 14. 

Percentage 0/ total moisture in 8everallayer8 0/ tM BOil, expres8ed on oven-dry basi8. 

(Crop under boll-worm condition.) 

1931-32_ 

6-221 221-45 45-871 871-90 
Average or 

Date of sampling. 221-90 cms. ems. cma. cma. cms • 

• 
25th September .. .. .. 30-04 31·68 29-37 29·87 30·27 
9th Oct{)ber ,. .. .. 31-93 32·45 30-21 30·21 30-96 

27th October .. .. .- 31-58 30-72 29-70 30-38 341·27 
lOth November .. .. .. 27'65 29-37 28'86 29-87 29·37 
24th November .. .. .. 23·81 26·42 28-88 29-03 28-10 
9t·h December .. .. .. 23-00 25-78 27·08 28·20 27-01 

23rd December .. .. .. 21·38 24-22 25-78 26,42 25·47 
5th January .. .. .. 20-63 22-25 23-81 24'53 23·46 

19th January . .. .. .. 19·47 21·51 22-55 25·16 23'07 
2nd FebruaiY .. .. .. 19·62 19·90 21'07 22-85 21·27 

16th February .. .. .. 17'51 18-06 19-33 21-07 19'49 
1st MIlICh .. .. .. 15·61 18-62 18-48 19:91 11-00 



303 

TABLE No. 11$. 
Peroentage 0/ total moiBture in Bevtral layers 0/ the soil,expressed 011. oven-dry baais, 

· in the uncropped area receiving normal intercuUure. 
1930-31. 

Date of sampling. 5-221 221-45 
ems. ems. .. 

-
2nd September .. .. .. . . 26·58 28·37 

24th September R .. , . .. .. 31·23 29·20 
8th October ., .. .. .. . . 27·06 27'88 

22nd October .. .. .. .. .. 27·39 26·74 
5th Nowmber R .. .. .. .. 29·37 27·71 

19t,h November •• .. .. .. . . 27,39 31·60 
3m December .• .. .. .. . . 25'00 26'58 

17th December .• .. .. .. .. 25·31 27·39 
31st December .. .. .. .. . . 25·78 26·26 
14th January .. .. .. .. . . 25·78 26·74 
28th January .. .. .. .. .. 25·46 26·74 
11 th February .. .. .. .. . . 24·84 25·62 
25th Februa\"y ., .. .. .. . . 22·70 25·78 
11th March .. .. .. .. . . 20·77 23·30 

.R=Rains between 2nd to 24th September, 5·32 inches. 
. 14th September, 3'92 inches. . 

'30th October, 0·95 inch. 

TABLE No. 16. 

45-671. Average of 
ems. 22t-67! 

ems . 

I 
I 26·90 27'63 

I 
28·86 29'03 
28'20. 28'04 
27·71 27·22 
26·58. 27'14 
30·04 30'82 
26'26 26·42 
25·62 26·50 
26'42. 26'34 
27·39. 27'66 
26·90. 26·57 
26·10 25·86 
26·58, 26·18 
24'53 23·91: 

I ! 

Percentage 0/ total moisture in several layers of the soil, expressed on oven.dry basis, 
in the uncropped area receiving no intercmture. 

1930-31. 

5-22! 22t-45 45-671 
Average of 

Date of sampling. 22!-67! ems. ems. ems. ems. 

2nd September .. .. .. . . 26'58 27·71 2!1'87 28·79 
24th September R. .. .. .. .. 30·21 29·37 29'87 29·62 
8th October · . .. . . .. . . 27·06 27·23 27·88 27·56 

22nd October .. .. . . .. . . 29·87 29·87 31·06 30·47 
5th November R .. .. .. .. 27,.39 26·26 27·71. 26·99 

19th November •• .. .. .. . . 28'.53 28·86 29·37 29·12 
3rd December •• .. .. .. .. 23·.15 26·58 .27,71. 27·11> 

17th December •• .. .. .. . . 23·46 26·26 27·39 26·82 
31st December .. .. .. .. .. 23,.46 25·94 28·37. 27··15 
14th January .. .. .. .. .. 24,.53 27'06 28·53 27·80 
28th January .. .. .. .. .. 24,.68 26·26 29·03 !l7'65 
11 th February .. .. .. .. .. 24·22 25·94 27·71 26'82 
25th February · . .. .. .. .. 24'22 26·42 27·71 27·06 
11th March .. .. .. .. .. 19,.47 .. 23·61 25·31 I 24'46 

R=Rains behveen 2nd to 24th September, 5·32 mches. 
14th September, 3·92 inches. . . 
30th October, 0·95 inch. 



.!l'u.LB ~o.l7-:: 

·Per..centage:o!total tnoisture' if/. '8eVeral wyers 0/ ,he 8oil;upr688ed Oft OfJe'll-dry 
basis, in the 'Uncropped area receiving in.te1/.8e in.tercuZture • 

. 1930-31. 

,. Date o{ sampling:- . 6-221 221--45 - ; emB. ems. 

2nd September .. .. ... . . 23,91 27·'11 
24th September R- .. .. .. .. 211·53 31·58 
8th 'Oetober .'. .. .. .. .. 28'53 27'88 

22nd Oetober .. .. .. . . 27'88 27·.23 
5th November R .. .. .. .. 28'70 27·-39 

19th NOvember .. .. .. .. .. 29'87 28'70 

3rd December •• ' .. .. .. .. 26·28 28·42 
17th December .' •. : .. .. .. .. 27·08 28·90 
31st, December .. .. .. 28'90 28·10 .. .. . . 
14th January .~ .. .. .. .. 28·90 27·71 
28th January ... .. .. .. . . 24·g4 28·04 
11th February .. .. .. . . .. 28·10 27·23 

25th February .. .. .. .. .. 24·53 28·42 
11th March .. .. .. .. . . 19·47 22·70 

-
R=Rains between 2nd and 24th September, 6·32 inches. 

14th SeptembeJ;, 3·92 inches. 
30th October, 0·95 inch. 

TABLE No.-18. 

45-671, Average of 
ems. 22l-671 

Omll. 

·28'90 27·30 
. ·28·88 30·22 
. ·27'56· 27·71 .. 
·27·71 . 27·n 
·27'88· . 27·83 
27'23· 27'98 

28·42· "28·42 .-
·28'90· 28'90 
·27·lii· 28'82 

27·39· 27· 6Ii 
27'88· 27·96 
27'08 27·l/i 

27'88 2'7-16 
24·88 23·89 

Percentage 0/ total moisture ''II 8everal wyer8 0/ the 8oil. expreue!l 'On oven-dry bfJ8i8 
in t~e uncropped area receiving normal intercuZture • 

. ' 1931-32. 

6-221 22j--45 45-671 AVArage of 
Datil of sampling. ems. emil .. · -ems. 22l-671 

- . ems.· - . . .. 
28th Oc~ober .. .. .. .. .. 30.38 31·23 ·30·72 30·97 
lIth.November .. .. .. .. .. .. 29'8-7 · ·29'87· 29'87 

~ 25th NovJlmber ••. .. .. .. .. 25.18 28·20 · ·28·04· :28·12 
., 

lOth December .;. .. .. .. .. 27'08 27·30 28·79· 28·04 
23rd December .; .. .. .. .. 25·62 29'20 · ·29'87· 29·83 
6th January, 1932 .. ' .. .. .. 24'22 25·31 29'87· 27·59 

- -
20th January .. .. .. .. .. 25·18 27·11 · ·27'88- 27·80 
3rd,February .. .. .. . . .. 23·48 25'00 26·"· 25·87 

17th February .. .. .. .. .. 22·25 23·91 24·68 .24·30 
2nd March .. .. .. .. .. , 20'63 23·15 25·18 2t·18 

I 

-
~ 
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TABLE No. 19. 
Percentage oj tOfn:l ~sture in several layers oj tke "oil, .expre88ed. on oven.dry 

. basM, tn the uncropped area receiving no interculture. .' . 

Date of sampling. 

28t'h O~tober .. .. . . .. 
11th November .. .. .. 
25th November .. .. . . 
10th J?ecember .. .. .. 
23rd December ., .. .. 

6th January .. .. .. .. 
2'Oth January .. .. .. 
3rd February .. .. 

'. 
.. 

17th February .. .. .. .. 
2nd Mi.rch " .. .. .. 

1931-32~ . 

5--221 
ems. 

. . 30·38 

. . .. 

.. 24·53 

.. 26'2~ 

., 28'29 

. . 24·22 

.. 24'07 

. . 22·55 

.. 21·51 

.. 21·07' 
.. 

TABLE No. 20. 

221-45 45--671 
ems. ems. 

31·58 30·04 

29·20 29',37 

27·55 27:39 

27·55 28:70 

28·53 29'03 

28·20 28·53 

27'88 28·37 

26·74 26·74 

25·31 26·58 

24·37 2iF62 

Average of 
22t-671 

ems. 

30·81 

29·28 

27·46 

28·1,2 

28-·78 

28·36 

28·12 

26·74 

25·95 

25'00 

Percentage oj total rrwisture in several layers' of the so#, expres"ed on oven-dry 
basis, in the uncropped area receiving intense interculture. 

1931-32. 

Date of sampling. 
5--221 

cms. 
221-45 

ems. 
45-671 

cms. 

Average of 
22t-671 

ems . 
. . 

28th October .' .. 32·28 35'13 33·69 34·41 .. .. 
11th November .. .. .. .. .. 30·55 31·23 30·89 

, . 
25th November .. .. .. .. 29·37 , 31·58 29'.20 30·39 

lOth December .. .. .. .. 27·55 .. 31'06 29,,87 30·47 .. 
23rd December .. .. .. . . 28·37 29·53 30·04 29·78 

" 
6th,January, 1932 .. .. .. .. 26·10 28·70 . 2!1-.03 28·86 

20th January .. .. .. .. .. 27·23 29'37 29·03 29·20 

3rd February .. .. .. . . . . 24·07 26·26 28·53 27·40 
. . 

17th E:ebruaIY .. .. .. .. ... 24'22 26'90 28·,04 27·47 .. 

2nd March .. .. .. .. .. 24·22 25·00 . 25·16 25·.os 

39 



TABLB No. 21. 

Percentage oJ total moiSture in 8everal layer8 oJ the mi, exprU8ed on oven·dry ba81B, 
in the cropped area receiving normal interculture. 

1928.29. 

Date of sampling. 5-221 I 221--45 45-871 671-90 Average of 
ems. ems. ems. ems. 221-90 

mna. 
I 

9th October .. .. .. 25·6 26·8 27·5 27·7 27·3 
23rd Oetober .. .. .. ~1'7 25·6 26·5 27'7 26·6' 

6th November .. .. .. l4,'7 18·3 20·7 21·6 20·2 
20th November .. .. .. 19·3 20·6 22'8 22'9 22·1 

4th December .. .. .. 17·0 19'4 19'2 19'8 19·4 
19th December .. .. .. 16'8 19·4 20'8 21·7 20·6 

2nd January .. .. .. 15·5 20·3 20·9 21'0 20·7 
15th January .. .. .. 14'9 19'8 21·1 21·1 20·6 

31st January .. .. .. l4,·2 20·1 19·9 21·3 20·' 
12th February .. .. .. 13" 18'0' 19·3 19·6 19·0 

26th February .. .. .. '0 18·1 18·9 19·3 18·8 

TABLB No. 22. 

Percentage. oJ total moiBture in 8everal k1yer8 oJ the 8oU, exprU8ed on oven.dry 
baBia, in the cropped area receiving no interculture. 

1928·29. 

I 
5-221 221--45 45-671 I 671-90 Average of 

Date of sampling. 221-90 ems. ems. ems. 

I 
ems. ems. 

9th October · . .. .. 24'9 29·5 
I 

29·4 29·8 29·6 
23rd October .. .. o • 18·8 24·4 26·7 28·3 26·4 

6th November · . .. .. 14·9 17·6 19·0 20·8 19·1 
20th November · . l' .. 17·7 18'6 21·3 23·6 21·0 

4th December · . .. .. 14·5 19·4 20·6 21·3 20·4 
19th December · . .. o • 14·1 19·7 20·6 21'4 20-8 

2udJanuary .. .. .. 14·1 20·5 20-7 21·8 21·0 
15th January .. .. .. 13·6 20-2 20-1 20·7 20-3 

. , 

31st January .. .. .. 13·4 19-9 20·8 20·8 20-5 
12th February .. .. .. 12·2 18·0 18-9 19-3 18-7' 

26th February .. ,. . . .. 17·8 19·0 19·6 18-8 
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TABLE No. 23. 

Percentage oJ total 'I1Wisture in several layers oJ the soil, expressed on oven-dry 
basis, in the cropped area receiving intense interculture_ 

1928-29. 
i 

Date of sampling. G-221 22i-45 45--671 671-90 Average of 
ems. ems. ems. ems. 22!-90 

ems. 

9th October .. .. .. 23·S 26·S 27·7 27·6 27·4 
231"d October .. .. .. 20·0 24'4 26·9 27·7 26·3 

3rd November .. .. .. 15·2 19·7 21·3 21;3 20·S 
20th November .. .. .. IS'1 19·9 22·S 23·0 21·9 

4th December .. .. . . 16'7 19·3 IS·S 21;1 19·7 
19th December .. .. .. 15·3 19'4 20·5 21·3 20·4 

2nd January .. .. .. 15·2 19·9 20·7 21·9 20·S 
15th January .. .. .. 14·3 20·4 20·S 21·1 20'S 

2nd February .. .. .. 11·6 20·4 20·2 21·S 20'S 
12th February .. .. .. 11·9 17·7 18·0 18·4 IS·0 

-
26th February .. .. .. .. IS·0 IS·5 IS··9 IS·5 

TABLE No. 24. 

Water delivering power oJ several layers oJ the soil, expressed in milligrammes. 
(Control plot: plants spaced 3'X3'.) 

Date of sampling. 

1 
2 
2th October 
6th October 

9th November 
2 3rd November 

7th December 
2 1st December 

4th January 
Sth January 

1st February 
5th February 

1st March 
5th March 

2 9th March 

.. .. .. .. 

.. .. .. .. 

.. .. .. .. 

.. .. .. .. 

. , .. .. .. 

.. .. .. .. 

.. .. 

1926-27. 

IAt sU~face At 221 
ems. 

I depth. 

... .. 551·0 . . 16·0 23S'5 

.. 7·9 135·6 .. 11·6 29·3 

.. 3·5 41·1 .. 4·2 27·1 

. . 2·0 30·5 

.. .. 27'S 

.. .. 36·3 .. .. 36·0 

.. .. 22·5 

.. .. 19·0 

.. " 19·0. 

At 45 At 671 Average for 
ems. ems. 22t-671 

depth. depth. ems. 

-.--
I 

255·0 .. 269·0 
523·5 240·0 334·0 

342·S 126·0 201·0 
132'7 153·7 1°5'0 

45·3 75·0 54·0 
40·3 51·7 40·0. 

36·6 40·0 36·0 
40·3 42·0 37'0 

39·7 43·0 40·0 
40·0 40·5 39·0 

28·2 36·5 29'0 
24·5 23·0 22·0 

20·5 27·5 22·0 
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TABtJIl. No. 25~ 

"Waie,. deliveri~ 1,JOwer4 ieverallayers 0/ the soil, eiprused in. kaiUigr'~mmu.· 
0_ t,'_" . ' '.. ._ 

(Control plot: plants spaced 3' X 3'.) 

1927·28. 

." At 221 At 45 

I: 
At 671 Average for 

Date-of sampling. At surface._ CJDB. CJDB. cma. 22l-671 
depth. depth d"pth. ems • 

I 
.. 

.. .. .. 
29th October .. .. '" 45·0 130·0 272·0 .. 201·0 
12th 'N ovember .. Rains. Raina. Ram.: Raina. RAiM • .. .. . . .. .. 
26th November .. .. 95·0 361·0 230·2 228·0 273·0 
12th pecember , ... .:'" .. 16·0 ' 201·5 172·0 .. l00-a 158·0 

" .. 
lUth.December ,-,., .. .. . . 148·0 I 114·1 112·1 125'0. 
7th:~ail\1ary .. .. 98·1 12t·4 .. 127-' 116·0 ~ ,-I : .. 

21st January .. .. .. . . 51·7 71·1 93·7 72·0 
4th February .. .. .. . . 29·1 ' 44·0 48-S 41·0 .. 

17th .February .. .. .. 21·5 22·2 27·1 24·0 
5th 'Match .. .. .. . . 26·5' , 36·0 .. 39-0 34·/}' ' . 

I 
16th March .. .. .. .. I 13·0 29'5 20·0 21·0 

" 

''TABLE No. 2tt 'J 

'Water delivering power oj several layers oj the sO'il, exprused in miUigrammes. 

..' " .' (Ci:mtrol pl~t: plants spaced 3'x3'.l 
. ',' .' 1928·29. 

.' , 
At 221 At 45 I At 6?6 1'verage fo~! 

Date of s~pling. At surl'aoo. ems. ~. em ... 226-67' . 

I··w, .. d"pth, depth. del.'t.h. cma. 
0', .' .'1' 

25th October .'. .. .. I 19 I 98 200 300, 202 
9th·November \.' .. .. . . i 61 78 l:I9:5 89 

24th· Novembt,r . '. .. .. ..' 39 ... .67 100, 68 
8th',December .'~ ' .. . . 38 72 114, 75 ' ' .. 

21st December at-";' .. I .... .. " 36 ,60 86. . 61, 
5th January , ~'. .. ' .. ... .. 23 . . 35 51. .3S. , . .1 

17th· January , .'.' .. .. '9' . . 18 26 3.9. 28'" 
31st January .'. .. .. ' .. ..' 15 , . ,22 3.1. " ,23" ," -
16th: February .. . . ... 17 20 19 : 19 -.. .. 
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Concefltration oj the soil solution in priUigrammes per 100 c.(~"", . 

(Ctoppec;l area.) - . 
• I l 

1926-21· : .' , 
\, 

Date of sampling. 
., 22!-45 45-671 671-90 ~ Average of 

"ms· ems. - . 'Cl11B';- ...2.U..,-9& .. 
ems. 

t. ,(,'. 
" 15th November .• '. .. 155·'9 109·6 132·8 

29th November " 150·3 208·8 218·1 192·4 

13th :peoomber . : ,. 142·5 239·5 
I 
196;0. 206·1 

lOth January ... 257·5 348·3 353·3 319·7 . 

24th January , 241·1 . 309·5 285'1 2'78·1) 

7th February ',' 331·2 345·8 295:7 324·2" 

22nd February .... 272·6 361·8 458·6 36 .. ·3 , , 

7th March 584·8 293·9 476'1 451·6' 

21st' March .~. 500,7 302·7 269:0 357:5 

.,. 
.:1 

TABLE No. 28. 

Total nitrogen in several layers oj the 80il, in milligrammes pe'l' 100 grammes of 
oven-dry soil .. 

(Cropped area ': plants spaced 3' x 3'.) 
1926-27~, ". ," 

, \ 

22~5· 45-671,J 671-90 Average of 

ems. ems. I ems. 221-90 
ems .. 

Date of sampling. 

29th November. , 36·53 36··89 34·39 35·94 

13th December " 34·27 29·76 40·93 34·99 

29tll December .. ( ' .. 31·88 32·52 .37·62 ; '.1" 34-,0\1 ,.~:: 
. ~. l 

10th January 30 .. n 32·81 32·64 31·9. 
,'" : 

24th January 33 .. 61 33'.87 . 31·54. ··33·01 

,'. 3;\.'29 33·.83 · . 32·12 33- tl&, . t .: 

i.J ':' 
.th Febmary " 

34·05 29·24 33·00 32·10 

25':95 
.' .. : ' .. ' . ",: 

125:55 · . 31'71. 27~7G 

22nd February 

7th Mauch 

2l:17 26:39 · . 21·40. 22·99' 21st Match .. 
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TABU No. 29. 

Total nitrogen in. Beveral layerB 01 the BOil. in milligrammu. per 100 grammu 01 
oven-dry BOil. 

Dat&of sampling. 

2nd October 
16th October 

3 
1 

2 
1 

2 

Oth October 
3th November 

7th November 
1 th December 

5th December 
8th January 

2 2nd January 
6th February 

1 9th February 

.. .. .. .. 

.. .. . . .. 

.. .. 

.. .. 

.. .. .. .. 

.. .. .. .. 

.. .. 

(Cropped area.: plants spaced 3'x3'.) 

1928-29. 

5-221 221-45 45-671 
ems. ems. "~mao 

.. 41·47 49·19 37·83 .. 58·22 38'30 51'51 

.. 43·47 39·38 38·01 .. 33·94 32,53 33·71 

. . 38·n 40·21 35·04 .. 43·93 43·35 ·14·80 

.. 42·35 44·38 i5·15 .. 42·89 40·91 '6·06 

.. 37·41 40·55 40·16 .. 39·76 36·89 37·81 

.. 37·42 36·75 34·79 

TABU No. 30. 

671-90 
Average for 

221-90 
CIDB. 

OIDII. 

38·08 41·70 
38·32 42·71 

35·73 37·71 
311·62 33·95 

42·38 39·21 
42·38 43·51 

41·11 43·55 
49·93 45·63 

39·48 40·06 
41·36' 38·35 

36·07 311,87 

Organic nitrogen in Beverallayers 0/ the BOil. in miUigrammeR. per 100 grammu 
01 oven-dry BOil. 

(Cropped area: plants spaced 3'x3'.) 

221-45 45-671 671-90 \ AVArage for 
Date of sampling. 221-90 . cma. cma. . cma;' 

I CIDB. 

29th November •• .. .. .. .. 34·70 34,80 34·30 34,60 
13th December •• ., " .. .. 31·30 26·80 38·00 32·00 

.. 
29th December •• ' .. .. .. .. 30·30 30·90 29·30 30·20 
10th January .. .. .. .. .. 24·50 27·50 .26·60 26·90 

24th January .. .. .. .. .. 30·50 30·80 .. 28·50 29'60 
7th February .. .. .. .. .. 28,80 30·90 28·50 29-40 

.. 
22nd February .. .. .. .. .. 30·96 27·80 31·60 30·10 
7th Ma.rch n .. .. .. .. 24·80 25,20 28·10 26·00 . 

21st March .. . . .. .. .. 21·10 25.40 
'" 21·40 

22·60 
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TABLE No. 31. 

Organic nitrogen in several layers oj the soil, in milligrammes, per 100 grammes oj 
oven-dry soil. 

(Cropped area: plants spaced 3' x3'.) 
1928-29. 

Date of sampling. 5-221 22!-45 45-671 
('ms. ems. ems. 

2nd Ootober .. .. 
"1 

3S·9 45·9 36·7 
16th October .. .. . . 56'4 36·5 50·1 

30th Ootober .. .. . . 42·1 37·6 35·8 
13th November .. .. . . 36·4 29·8 32·4 

27th November .. .. .. 37·2 39·3 33·2 
11th December .. .. . . 42·0 42·5 43·2 

25th'December .. .. .. 40·6 41·8 42·0 
8th January .. .. .. 39·3 38·1 42·5 

22nd January " .. .. 36·7 39·4 37·2 
5th February .. .. . . 3S·5 33·9 36·5 

19th February .. .. .. 36·3 35·5 33'9 

TABLE No. 32. 

67t-90 Average for 
cms. 22t-90 

ems. 

36·2 39·6 
36·9 41·2 

33·5 35·6 
34·1 32·1 

40·6 37·7 
39·4 41·7 

39·4 41'1 
45·2 41·9 

38·3 3S·3 
40·1 36·9 
35'0 34·8 

Ammoniacal nitrogen in several layers of the soil. in miZligrammes. per 100 grammes 
oj oven-dry soil. 

(Cropped land: plants spaced 3' X 3'.) 

1926-27. 

( 

22!-45 45---671 Date of sampling. ems. ems. 

15th November .. .. .. .. 1·10 3·34 
~9th November;. .. .. .. .. 1'69 2·00 

13th December •• .. .. . . ., 2·86 2·90 
29th Deoember " .. .. .. .. I-55 1·60 

lOth J&I)uary .. .. .. . . .. 5·92 5'15 
24th January .. .. .. .. .. 2·97 2'94 

7th February .. .. .. , .. .. 4·42 2'86 
22nd February •• .. .. .. . . 2·94 1·35 

7th March .. .. .. "- 0·68 0·68 . , , ,I 0'117 21st March .. .. .. " ., .. I 

67t-90 Average for 
22t-90 ems. ems. 

.. 1·48 .. 1·23 

2'86 2·87 
8'30 3·82 

5'97' 5·68 .. 2·117' ,2·96 

3'55 3·61 
1·33 '1'87 

3'60 HIS . , u·32 .. 



:rA:l\L:I "No.-33~ 

Ammoniacat nitrogen in several layers. oJ the soil, in milligrammu,· per 100 grammu 
0/ oven.drysoU. 

. 
',1': 

' , .'. , 
,. Date of IIBmplulg. 

" . " 

2nd October .. .. 
16th 'Odtober I ~ "e'. " .. 
30th 'Ocwber ' .. to .. 
13th November .. .. 
27th November ; .. .. 
11th December I.· ... • • .. 
25th December .. .. 
8th' January .. .. 

22nd January ".'. '. .. 
5th' February '. '.' . ~ .. 

19th February . , .. 

(Cropped area. :pJantupa.ced 3'x3'.) 
1928-29 • 

" 0-:22i 221-45 45-671 -- , 

,.,:! CIll8. CIWI. CIIl8. 

.. 2·32 3·06 0:84 .. 1·58, 1'56 1:19 

.. 1·17· 1·54 1:91 .. ' 2·3& ' 2·72 1 .. 21 

... " 0·83 0·90 . 1'60 .. 1·60 0'84 1·60 

. . 1·58 2·35 3·08 . ~ ~ 3·6& ., 2·79 3.'54 

'; ... 0·69 1·06, 2:81 
.. 1·04- 1·79 1:04 

., 

.. )·03 0·89 0'89 

TABLE No. 34.' 

Average for 671-90 221-90 
CIWI. 

OIWl. 

-
1',60 1·83 
1·.~9 1·31 

1','12 1·79 
"'~1 , 1·71 

1',119 1·36 
2·75 1·73 

1·58 2·34 
4:71 3'68 

1'.06 1·81 
I~Q5 1'29, 

I 
1·07 0·95 

'Nitroua and nitric nitrogen in aeverallayers o/soil, in miUigTammu, per 100 
grammu 0/ oven-dry,soil. 

,(Cropped area. : plants space~ 3~ X 3'., 
1926-27. 

Date otsampling. ' 221-45 45-671 671-90 Average for 
221-90 

CIll8. ~, Cma. 
" CJJIII. 

15th N~vember •• ' .. , ,. 0·135 0·198 0·11 
29th NoVember •• 

.. 0!140 0'-093 0·087 0'1I .. I ... • 
p 

13th December .;, ;',,!, , ~ 0·112 0·066 0·065 0·08 
29th ;December "';;'" i.t ... ': 0"027 . 0"015 0·02. 0-il2 ;: 1 

l. t' :~ 

10th January -"'';'f:, ., ", ," 0·054 0·160 0·066 0'09 
24tq. January .'~.' .~- ,l1li' . 0'·139 0·'126 0·078 6·)1" 

7th; February , ,.-' . .1 .... 
0·072 0·073 0·070 0·07 

22011 Fjlbruary ~. .. , ~.' i ;~ ••. ~ U·1l3 . 0'09. 0.065 ' 0·09, 
.. '- .; 

7t~,March : •• .. ".' , " .... 0·074 0·074 0·069 0·07. 
21~:;March ! " 11·074 ' 0'017 0·001 0'03': ., .. " . ~': , . 



ai3 
TABLE No_ 35: 

Nitrous 'and nitric nitrogen in several layers of the soil:, in milligrammes, 
per 100 grammes of oven-dry soil_ 

(Cropped area: plants spaced 3' X 3'_) 

1928-29_ 

Date of saml,ling_ 5-221 221-45
1 45-

671
1 

671-90 I Average for 
cms_ cms_ cms_ cms_ 221-90 

cms. 

2nd October 0-253 0-227 0-290 0-282 0-266 
16th October 0-241 0-237 0-222 0-233 0·231 

30th October 0-198 0·242 0-300 0-313 0-285 
13th November 0-176 0-007 0-095 0-306 0-136 

27th November 0-080 0·005 0-235 0-185 0-142 
11 th Deoomber ·-1 0-326 0-007 0-002 0-226 0-078 

I 

25th December '-1 
0-174 0-226 0-070 0-128 0-141 

8th January .- 0-032 0'015 0-022 0-016 0'018 
I 

22nd January .-1 0-123 0-088 0-153 0-124 0_122 
5th February 

'-1 
0-220 0-195 0-272 0-206 0-224 

19th February -- 0·096 0-361 0·002 0-121 

TABLE No_ 36. 

Nitrou8 nitrogen in several layers of the soil, in milligrammes, per 100 grammei of 
oven-dry soil_ 

(Cropped area: plants spaced 3'x3'_) 

1926-27_ 

Date of sampling. ~2l-451 cms_ 45-671 1 cms_ 
I 

15t,h November __ 0-015 0-018 
29th November._ 0-183 0-031 

13th December •• 0-021 0-036 
29th December •• 0-015 0-015 

lOth January .- 0-024 0-040 
24th January .. ,0-018 0-021 

7th February 0·031 0-021 
22nd February 

··t 
0-032 0-039 

7th March 
'/ 

0-021 0-021 
- 0, 

21st March 0-021 0-006 

40 

22t-90 
671-90 1 Average flOr 

ems. ems. 

o-on 
0-056 0-035 

0-034 0'030 
0-012 0-014 

0-036 0-021 
0-019 0'019 

0-018 0-023 
0-022 0'031 

0-042 0-028 
0-001 0-009 



~~LBNo. 37. 

Nitr0'U8 nitrogen in 8everallayer8 oj the 8oil, in.miUigrammu~ per 100 grammu oj 
oven.-dry BOil. 

(Cropped area = spaced 3'X3'.) 

1928-29. 

Date_of sampling. 5-221 221--45 1 4~:11 671-00 I Average for 
CIWJ. ems. cms 221-90 

• cms. 

2nd October 0'078 0·052 0'OS3 0·074 0·070 
16th October 0'094 0·092 0:062 0·073 0'076 

30th October 0'056 0·071 0·071 0'082 0·075 
13th November 0'013 0·007 0·007 . 0'011 0,008 

27th November 0'0073 0·005 0·027 0'007 0·()l3 
11th December 0'05S' 0·007 0'002 0'032 0·138 

25th December 0,027 0·019 o·on 0'011 O·Olf 
8thJ~~uary 0'032 0·015 0'022 0''016 0·018 

22nll January 0'005 .. , 0'006 0'006 0·004 
5th.February 0'003 0'007 0'011 0'002 0'007 

19th Ji'ebruary 0'010 0·072 0'002 0·025 

TABLE No. 38. 

Nitric nitrogen in 8everallayer8 oj the 8oil, in milligrammu, per 100 gramme8 oj 
oven-dry aoil. 

{Cropped area: plants spaced 3' X3'.) 

1926-27. 

Date of sampling. ., 2~~51 4~:11 
15th November .. 0·120 0·IS0 
29th November •• 0·122 0·062 

13th December •• 0·091 0·030 
29th December •• ' 0·012 0·000 

lOth January .. 0·030 0·120 
24th J~nuary .. 0~121 0·105 

7th February •• 0·041 0·052 
22rid F,el>ruary .. ~ ~: O'OSI 0'055 

7th,March 0·053 0·530 
21st :r.t:arch .. 0'053 0·011 

221-90 
671-90 I Average for 

CIDB. cms. 

, 0:031 
0·100 
0·072 

0'031 . 0·051 
O'O~~ 0·008 

0'030 0·024 
O·O~~ 0·257 

0'052 C'04I1 
0'043 o·oou 
0·02~ 0·044 

~ . 0'018 



TABLE No. 39. 

Nitric nitrogen 'in several layers oJ the soil, in milligrammes, 'per 100 grammes oj 
oven-dry soil. '. 

(Cropped area: plants spaced 3' x3'.) 

Date of sampling. 

2nd October .. .. . . 
16th October .. .. .. 
30th October .. .. .. 
13th November " .. .. 
27th November .. .. . . 
11th Decem~r . .. .. .. 
25th December .. .. . . 
8th January .. .. . , 

22nd January .. .. . . 
5th February .. .. .. 

19th February .. .. .. 

1928-29. 

5-221 221--45 45--671 
ems. ems. ems. 

0·175 0·175 0·207 

0·147 0·145 0·160 

0·142 0·171 0·229 

0·163 .. 0·088, 

0·073 .. 0·208 

0·268 .. . . 
0·147 0·207 0·059 

. , .. .. .. 
0·118 0·088 0·147 

0·217 

I 

0·188 0·261 

0·086 0·289 .. 

67!-90 I Average for 
22!-~0 

ems. cms. 

0·208 0,197 

0·160 0·155 

0·231 0·210 

0·295 0·128 

0·178 0·129 

0·194 0·065 

0·117 0·128 

. . . . 
0·118 0·118 

0·204 0·218 

.. 0·096 



Week ending 

8th JlIly .. 
15th Jllly .. 
22ndJuly .. 
29th July .. 
5th Allgust .. 

12thAllguRt .. 
10th August .. 
26thA\liIIAt .. 
2nd September .. 
9th 8eptemb~r .. 

16th Septembor .. 
23rd September .. 
SOth September .. 
7th Oet<lber .. 

14th October .. 
210t October .. 
28th October .. 
4th November .. 

11th November .. 
18th November .. 
25th November .. 
2nd Dec~mber .. 
9t.h Dee~lDber .. 

16th Deeember .. 
2Srd De-cemb~r .. 
8l1t Dee·emher .. 

7th January .. 
14th J anllary .. 
2l1t J aOllary .. 
28th January .. 
4th F~bruory .. 

lUh F~bruory .. 
18th F~bnla.y .. 
26tb February .. 
4th Mareh .. 

11th Mareh .. 
l~th Ma •• h .. 
2Mh Mllreh .. 

lot AprU .. 

TABLE No. 40. 
Weekly average temperature at Surat from the Indian Daily Weather Report. 

MAXIMUM TEMPEBAT~B (OF,) MINIMUM TEMPBBATUBB (OF.) 

1926. I 1927. I 1928. I 1929. I 1930. I 1931. I 1932. 1926, I 1927. I 1928, I 1929. I 1980, I 19S1, I 1982. 

.' , 86'S 88'5 86'S 86'9 83'6 87'1 .. 77'2 78'2 77'S 77'9 76'4 76'1 .. 

.. 84'5 80'6 87'4 84'7 86'S 88'6 .. 76'4 78'1 77'4 76'0 77'0 80'S .. .. 88'0 87'0 86'0 86'0 84'6 86'S .. 79'2 79'1 78'S 78'9 77'9 78'S .. 

.. 85'9 82'9 85'0 86'6 8S'7 89'9 .. 78'1 76'S 77'S 78'9 75'9 79'1 .. 

.. 88'4 84'9 86'1 85'9 84'6 85'5 .. 78'9 77'2 78'S 76'7 76'9 77'8 .. 

.. 85'1 85'5 85'7 87'4 8S'l 86'0 .. 77'6 76'S 76'6 78'4 75'9 77'9 .. 

.. 8S'S 85'4 87'1 84'7 85'4 85'0 .. 77'4 76'2 77'0 75'4 76'4 77'S .. 

.. 8S'9 85'S 86'1 84'0 85'7 85'6 .. 76'5 76'4 77'0 75'9 75'S 77'6 .. 

.. 84'4 86'0 84'6 87'7 88'1 86'S .. 76'8 77'0 71i'7 77'0 '16'0 76'6 .. 

.. 85'8 86'4 86'6 87'7 89'6 87'0 .. 76'1 75'7 75'4 76'.S 77'6 77'6 .. 

.. 85'2 91'8 89'1 91'1 85'7 89'S .. 76'2 76'S 75'6 75'6 76'S 76'7 .. 

.. 84'4 92'2 84'6 92'9 88'1 90'4 .. 74'9 77'2 76'4 76'1 75'7 76'6 .. 

.. 89'9 87'9 86'1 95'4 9S'l 89'0 ... 75'0 76'1 75" 78'9 75'9 77'S .. 

.. 92'S 87'S 88'1 92'0 
98:0 

92'1 .. 77'2 74'9 76'S I 76" 
74:2 

76'6 .. 
.. 9S'O 90'S 95'0 90'4 85'4 .. 75'0 74'1 72'7 74'9 75'7 .. 
.. 95'0 9S'S 96'6 95'7 90'0 00'9 .. 71'S 74'9 7S'9 7S'1 75'6 7S'6 .. 
.. 96'6 9f,'8 90'0 96'0 94'7 92'9 .. 70'1 14 .. 5 74'S 68'0 7S'4 67'1 .. 
.. 94'8 91'7 9S'1 95'7 86'S 92'6 .. 66'4 69'9 68'9 68'9 '10'6 71'0 .. 
.. 9S'6 89'0 92'9 96'1 90'0 91'4 .. '67'8 70'0 67'" 7S'4 64'9 67'6 .. 
.. 89'7 SO'4 91'S 95'0 89'7 94'1 .. 62'2 59'8 70'9 '7S'9 6S'4 68'9 .. 
.. 8S'O 85'1 92 '8 92'4 90'S 9S'7 .. 69'4 60'1 67'0 65" 06'9 64'6 .. 
.. 87'S 84'8 84'7 89'7 89'0 

I 
9S'O .. 62'5 60'8 6S'7 60'11 68'S 611'7 .. 

.. 8S'5 86'2 I'S'9 92'0 88" 80'S .. 60'6 6S'5 62'7 65'S 05'7 69'7 .. 

.. 86'0 86'1 88'S 86'1 87'8 85'6 _ .. 60'8 63'2 66'7 62'7 50'6 6S'l .. 

.. 85'2 81'1 84-7 77'0 86'5 90'6 .. 5S'l 59'5 5S" 55'7 6S'O 6S'II .. 

.. 84'2 85'11 8S'6 78'S 85'1 90'S .. 56'5 6S'S 55'9 61'5 67'1 69'11 .. 

.. .. 8S'7 82'7 84'6 8S'O 89'S 90'7 .. 58'7 66'7 64'0 6S'S 69" 60'7 

.. .. 81'5 86'S 8S'II 88'9 85'9 91" .. 6S'9 . 61" 611'7 65'S 61'S 01" 

.. .. 112'5 85'6 IIS'O 8S'O 80'S 9S'S .. 66'S 60'0 68'7 64'0 611'6 69" . 

.. .. 86'6 81'11 82'7 111'0 8,'0 97'6 .. 54'8 611'1 68'0 62" 60" 60" 

.. .. 88'9 77'9 78'0 78'0 85'8 89'9 .. 59'S 5"S 411'0 56" 57'1 61'1 

.. .. 8S'S 87'0 117" 84'1 85'0 88'11 .. 511'S 56'8 60'7 66'1 69" 60'0 

.. .. 84'4 118'0 90'6 93'1 88'11 89'1 ,. 6S'S 60'6 tID' 1 67'7 64" 69'1 

.. .. 81'11 94'6 !IS" 94'1 86'S 111'11 .. 68'S 63'1 65'0 63'11 82" 68" 

.. .. 92'0 94'0 97'8 95'S 811'4 117'7 .. 81'7 8S" 66'11 65'7 02" 05" 

.. .. 111'5 89'4 100'1 116'0 III'S I 911'6 .. 62'7 01'7 70'7 65'1 81'7 88'0 

.. .. 94'7 99'S 10S'8 94'7 
10S:8 I 

97'6 .. 88'0 68'. 70'4 85'0 
89:0 

04" 

.. .. OS'O 116'8 10S'II 101'0 115'11 .. 67" 70·7 71'7 70'11 70'8 

.. .. 118'7 102'0 101'0 118'0 118'7 911" .. 68'1 71'7 71'11 70" 72'1 70'. 

w .... = 



Week ending 

8rd June 
1 Oth June 

17th June 
2 

1 

2 

4th June 

1st July 
Elth July 
Sth July 

2nd July 
20th July 

5th August 
12th August 

19th August 
2 6th August 

.. 
" 

" 
" 

.. 
" 
" 

" 
" 

.. .. 

.. .. 
2nd 8eptember 
9t,h September 

10th September 

23rd 8eptember 
SOth September 

7th October 
14th 'October 

2 lBt October 
28th October 

4th November 
1Uh November 

18th November 
2 5th N o,'ember 

" 
" 

" 
" 

" 
" 
" 

" 
" 

.. .. 

.. .. 

.. .. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

TABLE No. 4OA. 

Weekly mean temperature of the soil at the depth8 of 30 and 60 ems, 

MAXDlv)! TII)!PIIBAT1IBII (OF,) MiNI)!V)! TIIHPIlBATVRB (OF,) 

-
At 80 ems, I At 60 ems, 

1928,11929,11930,11931,11932, 1928,11929,11980,11931,11932, 

At 30 ems, I At 60 ems, 

1928,11929,11930,11931,11932, 1928,11929,11930,\1931,11932, 

I 

" " 89'8 92'2 " " " 88'8 88'6 
" " " 89'0 91'4 

" " " 88'4 88'1 
" 

" " " 93'8 " " .' " 89'6 " " " " 92'2 " " " .. 89'0 .. 
" " " " " " " " " " " " " " " " " " " " 
" " " " " " " " " " " " " " " " .. " .. " 

" " " " .. " " " " " " " " " " " .. " " " 
" " 8&:0 " " " " 8':3 " .. " .. 

8r7 " " " .. 
84:S 

.. " 
" " .. .. .. .. " " " " " " " " .. " 

" " 
84'9 

84:5 " " " 
84'7 

84:9 " " .. 84'3 
84:2 " " " 84'6 

84:7 " 
" " 

83'S .. " " 83'7 " " " 
83'1 " " " 83'6 .. 

.. .. 84'1 83'9 .. .. .. 83'4 85'4 .. .. .. 83'3 83'6 .. .. .. 8S'O 85'S .. .. .. 82'6 83'2 .. .. .. 83'2 84'4 .. .. .. 82'4 82'9 .. .. .. 83'0 84'2 .. 

.. .. 83'4 82'1 .. .. .. 82'8 84'0 .. .. .. 82'7 82'0 .. .. .. 82'4 84'0 .. .. .. 84'6 81'9 .. .. .. 83'2 83'5 .. .. .. 84'0 81'6 .. .. .. 82'9 83'4 .. 

.. .. 86'S 82'5 .. .. .. 85'0 83'4 .. .. .. 86'2 82'S .. .. .. 84'S 8S'S .. .. .. 86'7 8S'l .. .. .. 85'3 83'8 .. .. .. 86'S 82'8 .. .. .. 84'7 8S'6 .. .. .. 84'6 84'S .. .. .. 84'7 84'4 .. .. .. 84'2 84'1 .. .. .. 84'4 84'4 .. 

.. .. 84'6 84'4 .. .. .. 84'4 84'7 .. .. .. 84'1 84'1 .. .. .. 82'2 84'6 .. .. .. 86'4 8S'4 .. .. .. 85'6 85'1 .. .. .. 85'8 84'8 .. .. .. 85'4 85'1 .. 

.. 88'0 87'6 86'6 .. .. 
88:0 

86'4 86'1 .. .. 88'0 87'2 86'1 .. .. 
87:4 

86'3 86'0 .. .. 87'0 88'0 83'7 .. .. 87'1 85'1 .. .. 86'4 87'1 ~2'9 .. .. 80'S 84'9 .. 
8S:4 

87'9 88'9 82'8 .. 
8S:4 

88'9 87'4 8S'8 .. 
85:0 

87'7 88'1 82'3 .. 
85:1 

88'0 87'1 83'4 .. 
86'0 88'9 82'9 .. 88'0 88'0 84'0 .. 85'0 88'2 82'S .. 87'6 88'0 83'6 .. 

84'S 84'1 84'9 81'S .. 85'0 87'1 88'S 82'9 .. 83'7 84'0 84'S 81'1 .. 84'4 86'0 86'1 82'4 .. 
83'0 84'S 83'8 81'1 .. 84'0 86'3 85'0 82'9 .. 83'0 83'9 83'1 80'8 .. 8S'O 85'9 84'4 82'S .. 
8S'O 85'0 81'0 81'4 .. 83'0 87'S 8S'5 82'6 .. 83'0 85'0 181'0 80'8 .. 8S'O 87'0 82'S 82'0 .. 
82'7 82'9 82'4 79'4 .. 8S'S 86'1 83'8 81'9 .. 82'0 82'6 82'0 78'0 .. 82'7 85'0 82'7 81'S .. 

J 



TABLE No, 4OA-c01.l-td, 

Weekly mean ~~mperatureof ~he soil at the depths of 30 and 60 cms,-contd, 

i 
IMAXIHVH t~HPERATVRE, ('F,) , ' MIImIVH TEHPBRATVlUI (OF,) 

Week ending , At 80 om., " '\' At 60 eml, At SO ema, \ At 60 em., 

11928: \1929, 11980, 119S1, \19,8,2, 19,28,119,29,11980,11981,11932, 19~I192LI~~I~LI~L19~I19~\198~I198LI~' 
., 

77"71 2nd December .. 
78:7 

80'0 81'4 78,1 .. 81'7 84'9 82'9 80'7 .. 
78:1 

79'4 80'7 .. 81'1 8S'7 81'9 80'2 .. 
9th December .. 79'7 BO'4 76'1 " 80'S 88'1 81'0 70'7 .. 78'6 70'6 75'0 80'0 82'S 81'1 78'7 .. 

16th December .. 70'0 78'9 78'0 74'0 " 80'0 82" 80'0 78'2 .. 78'0 78'S 77'S 74" .. 80'0 82'0 79'& 78'0 .. 
2Srd December .. 77'4 70'S 76'9 76'4 .. 79'S 81'S 79'4 78'6 .. 76'7 76'7 76'1 76'0 .. 78'4 80'7 78'6 78'1, .. 
Slat December .. 76'8 70'6 76'6 76'2 .. 78'0 77'0 78'2 78'S .. 74'9 70'4 76'1 74'8 .. 77'1 70'9 77'4 17'6 .. 

" 

7th January .. .. 74'0 70'7 74'0 74,1 .. 76'S 76'0 77'0 77'1 .. 7S'S 70'S 74'4 7S'6 .. 75'0 75'0 76'S 76'0 
14th January' ,', .. 74'0 7S'& 70" 74.11 .. 76'0 77'1 78'0 77'2 .. 74'5 7S'6 75'& 74'4 .. 76'& 70'6 77" 76" 

21Bt January .. .. 75'0 7S'O 75'9 74,1 .. 75'0 77'7 77'7 76'0 .. 74'8 72'S 75'S 7S'7 .. 76'4 76'6 76'11 76'9 
28th January .. .. 74'0 7"S 76'6 74,1 .. 76'S 77" 77'1 76'S .. 74'0 74'S 76'4 78'0 .. 74 .. 7 76'6 70" 76'& 

4th February .. .. 70'& 75'0 76'4 74,5 " 
7S~4 78'0 76'11 76'1 .. 70'6 74'9 75'0 7S'll .. 7S'l 77'1 70'1 75'11 

11th Februar~ ., ,. .. 7S'O 76'2 74.9 .. 7a'4 77'1 76'S 76'4 .. .. 7S'O 74'11 74'1 " 7S'S 70'1 70'0 76'0 

18th February .. .. 
76:' 

'14'6 77'5 76,0 .. 74'0 77'9 77'5 76" .. 
76:7 

"'4 77'1 74'S .. 74'0 76'4 76'9 76'0 
25th February .. .. 77'0 78'6 75,1 .. 76'S 78'4 78'8 7&'0 .. 76" 78'2 "'I .. 76'11 78'11 78'0 76'7 

'th March .. .. .. 7S'O 711'7 79'S 711,1 .. 70'S 80'6 79'4 77'11 .. 77'6 79'7 78'9 78'2 .. 75" 79'9 78'7 77" 
11th Harch .. .. .. 70'9 80'7 79'O 82,4 .. 77'S 81'8 70'& 80'1 .. 7&'2 80" 70" 81'2 .. 76" 80'S 711" 711'6 

iSth March " .. .. 81'6 82'0 81'S 82,S .. 79'8 82'S 80'6 80'S .. 80" 81'8 80·9 81'1 .. 7S'O 81'0 80'1 SO'O 
25th H....,b .. .. .. 82'8 82'0 88'6 86,0 .. 80'S 82'11 82'S 81'& .. 81'8 82·6 88'1 88'11 .. 711'0 82',0 81'6 81" 

tit April .. .. .. .. 84'S 85'6 85,9 .. 80'8 84'0 84'S' 8S'8 .. .. 
86:1 

85'11 84'8 .. 711'S 88'0 8S'II 82'0, 
81.h April .. .. .. .. 8&'S 8&'6 86,2 .. .. 85'6 85'S 8S'7 .. .. 86" 85" .. .. 85'1 84'7 82" 

16th AprU .. .. .. .. 84'7 88'1 88,0 .. .. ,85'S ~6'1 86'0 .. .. 8'" 87" 87'7 .. .. 84'7 86'6 86'0 

12nd April .. .. .. .. 8&'S 88'0 .. .. .. 85'8 86'5 .. , .. .. 85'8 8S'l .. .. .. 86" 86't .. 
8Qth AprU ., .. .. .. 87'7 ' 88'6 .. .. .. .86" 8&'1 .. .. .. 86'11 87'11 .. .. .. 86'11 86'. .. 
8th May .. .. .. .. 110'0 811'S .. .. " 

89'S 87'1 .. .. .. 80'7 88'" .. .. .. 8S'O 86" " 
18th Hay .. .. .. .. 90'7 90'1 .. .. .. 90'\1 87'0 .. .. .. 90'1 89'1 .. .. .. 8U" 87" .. 
IOl,h May .. .. .. .. 88'S 89'8 .. .. .. 88'S 87" .. .. .. 87" 88" .. .. .. 8S'l 87'1 .. 
17th Ma, .. .. .. .. 1111'0 ell'1 .. .. .. 1IlI',7 88'8 

" 
.. .. 88'7 90'0 .. .. .. 88'1 87'11 .. 



TABLE No. 4~ .. 
. :Weekly mean temperature (OF.) of the soil at '(he depth of 15 cm8~ 

" '. .. .. .. " .. .. AtSA.M. , .. At. 11 A.M. . . At 2-30 P.M. 0- At5-30P.M • 
Week ending .. .. 

1Q29·1 i930. ! 1~31.; I 11ia2. 1Q29. \ 1930. I 103i. I 11i:i2 • 11i~9. I 1930: I 193i. I 1932. 1\129. I 1930. I 193i. I 1~$2. .. -
8rd June " .. •... 92· S 92·B .. .. 93·4 92· 4 .. " 94·5 93·1 . . .. 95·8 93·7 .. 
10th June .. .. .. .. 94·6 .. .. .. 94· 4 . . .. .. 95·2 .. .. .. 95. I! . . . , .. .. .' 
17th June .. .. .. .. 91.5 .. .. .. 91· 9 .. .. .. 92·4 .. .. . . 92·8 . . 
24th June .. .. .. .. .. .. .. .. .. .. .. . . .. .. . . .. . . . . .. .. .. . . .. 

'. 1st July ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . . . . . 
8th July .. .. .. S:i.o .. .. .. 

8'3.0 
.. .. .. 

83·5 
.. .. .. 

83.7 
. . .. 

15th July . .. .. .. .. .. .. .. 0''; .. .. . . .. . . .. 
22nd July .. .. .. 82·4 

85.3 
.. .. 82·6 

85.4 
.. .. 82· 5 

85.6 
. . .. 82·6 

85.6 
.. 

29th July .. .. .. 81·2 .. .. 81·0 .. .. 81·1 . . .. 81· 3 .. .. 

5th August .. " .. 82·6 83· 2 .. .. 82·4 83·1 ., .. 82·5 83·3 .. .. 82.8 83·6 .. 
12th August .. .. . , 80·5 83·0 .. . , 80·5 82·8 . . .. 80·9 83·0 .. . . 81·1 83·0 . . 

.. .. 
19th August .. " .. 82·4 82·2 .. .. 82·3 82·2 .. S2·4 82· 2 .. .. 82· 8 82· 5 .. 
26th August .. .. .. 83·6 81·7 .. .. 83· 9 81·6 .. .. 84·0 82·1 .. . . 84· 3 82·5 .. 

.. 
2nd Sept.ember •• .. .. 85· 4 82·4 .. . . 85·6 82· 5 .. .. 86·1 82· 9 .. ,. 86· 6 83· 3 .. 
9th September •• .. .. 86· 4 82·8 .. .. 86·6 82·9 .. .. 868 83· 3 .. ~ : 86· 6 83· 5 .. 
16th September· .. .. 83·5 84·0 .. .. 84· 2 84·5 .. ;. 84·3 84· 9 .. .; 84· 3 85·8 .. 
23rd September .. .. 

89.1 
84·8 84· 4 .. 

89.2 
85·0 84·6 .. 

89.5 
85·0 85,0 " 8'9.7 

85·1 85·0 ; . 
BOth September .. '., S6·5 85·6 .. 86· 6 85·5 .. 86· 9 85 8 ." 87·1 86·3 .'. 

.. 
7th October .. . ... 88·4 87·7 86·1 .. 88· 4 88·0 86·1 , . 88· 9 88·1 86·5 .. 89· 4 88·8 86· 9 .' . 
14th October .. .. 88· 2 87·5 82· 4 .. 88·3 87·9 82·5 .. 88·7 88· 2 82· 7 .. 89· 4 88·1 82·8 .-.' 

21st October .. .. 88· 5 88·jI 82· 4 .. 88· 6 89·2 82 5 .. 89·0, 893 83·1 .. 89· 8 89·1 83·8 .. 
28th October .. .. 85·6 85·9 81·6 .. 85·8 89·0 81· 7 .. 86.41 8~ 9 82·8 .. 87·5 88· 8 84· 2 .. 
4t·h Novemh,r .. 84·2 84·1 80.8 .. 84· 3 84·7 812 . . 84· 9 84· 7 81· 7 .. 85·9 84·6 82· 3 .. 
11th Novemler :: .. 84·8 82·9 

80.41 
.. 84· 7 83· 4 80·8 .. 85· 6 

~'I 
81· 3 .. 86·0 83·1 81· 0 .. 

18th November .. .. 115·2 80·7 80'·6 .. 85· S 81·S· 80·8 .. 85· 9 81· 8 81·6 .. 86·3 81·0 82·2 .. 
25th N o,'emb.r .. .. 81.9 81·5 77-9 .. 81·8 82·0 .78·1 .. 82· 7 82· 2 79·2 .. 83·5 81· 9 80·1 .. 



Week ending 

nd December .. II 
II 
1 

th December 
6th December :: 

II 
8 

3rd December •• 

'I 
1 

lst Decembe~ 

th J'anuary 
4th J'anuary 

2 
2 
ht J'anuary 
8th J'anuary 

, th February 
11th Februar:v 

18th February 
25th F~bruar:v 

't·h March 
11th March 

:iath March 
25th March 

1st April 
8th AIrll 
15th prll 

22nd April 
29th April 

8th May 
18th Ma:v 

20th May 
27th May 

. , 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. .. 

.. .. 

.. .. 

.. -. 

1929. 
1 

.. 77· 7 .. 79·1 .. 77-9 .. 73· 9 .. 68·6 

.. . .. .. .. 

.. .. .. .. 

.. .. .. . . 

.. .. .. .. 

.. .. .. .. 

.. .. .. .. 

.. .. .. .. .. .. 

.. .. .. 

.. " .. .. 

.. .. I .. .. 

TABLE No. 41-(contd.) 
Weekly mean temperature (OF.) of the Boil at the depth of 15 CmB. 

AtSA.M. At 11 A.M. At2-30 P.M. At 5-30 P.M. , 

1930·1 1931. 
\ 

1932. 1929. 11030• ! 193t. 
1 

1932. 1929. I 193". 
\ 

1931. I 1932. 1929_ 
\ 

1930. \1931. I 1932. , 
SO· 4 76·7 .. 7S··0 SO· 9 76· S .. 78·5 80·8 78· 4 . . 79·6 80·6 79·5 .. 
79· 7 74:· 4 .. 79·8 79·8 74·2 .. 79·8 80· 0 75·8 .. 80· 6 79·8 73· 8 .. 
76·\1 73·8 .. 78·2 77·8 73·7 .. 78· 6 77-8 75.1 . . 79·5 77·1 76· 8 .. 
75·8 75·1 .. 74·7 76· 2 75·1 .. 74·1 76·2 76· 9 .. 75· 8 75·8 78·4 .. 
74·8 78·1 .. 68·7 76· 8 73·1 .. 69· 8 75·S 75·0 .. 69.9 74·\1 76·3 . . 
69· 8 74· 9 72·1 .. 69·7 75·1 711· 4 .. 70· 4 75· 2 74·5 . . 71·S 75·0 76·8 . 
74·4 76·0 78·2 .. 74·4 76·4 78·S .. 75· 6 76·4 75· 6 . . 76·1 76·1 77·0 

71·4 75· 8 72· 8 . . 71·5 75·6 72·5 . . 72·1 75· 6 74·6 .. 73· II 75·6 76·1\ 
74·6 75·8 72· 4 . . 74·4 76·1 72· 8 .. 75·6 76·1 74·9 . . 76·7 76·0 76·S 

74·1 75.~ 72·7 .. 74·' 76·1 73·0 .. 74· 7 76·1 75· 6 . . 76·7 76·0 77·8 
78· 8 75· 5 72·8 .. 72·8 75·8 72·S .. 7S·S 75·S 75·8 .. 75· 7 75·8 77·4 

'14·8 78· S 78· 2 .. 74·8 78· 5 73·1 . . 75·8 78·7 75· 8 . . 77· 8 78· 7 77·8 
78·1 '18·11 78·2 .. 78·0 '/9·8 78·6 .. 79·6 79· 8 76· 7 .. 82·0 79·S 75· 7 

80·1 79·8 78·2 .. 79·11 so· 0 78·4 .. 81· 8 80·0 81·8 . . 84·1 80·1 83·8 
81·1 80·8 81·4 .. 81·2 80·8 81·6 .. 83· 8 80·7 84·8 . . 86·1 80· 8 87·8 

82·8 82·2 80· 9 .. 82·5 82· 8 81·4 .. 84·6 82·4 85·7 . . 87·0 82·5 1l8·6 
84·1 86·0 84·6 .. 83·8 85· 2 84·6 .. 86·11 85·0 88·7 . . 89·2 85· II 111·2 

86· 0 87·1 85·6 .. 86·0 87.8 85·8 .. 86·11 87·6 90·1 . . 90·7 87· ., 112·" 
88·1 88·1 88· II .. 88·2 88·4 87·0 .. 90· 6 88·10 111·2 .. 92·6 88· • 98·6 
85· 6 90·1 88·6 .. 86· , 90·2 89·6 . . 811·0 90·11 92·8 .. 90·0 111·0 e.. 6 

88· 7 Ill·. .. . . 88·11 111·6 .. .. 111·1 112 2 .. .. 112 8 112· II .. 
90·0 91·0 .. -. 90· , 112.1 . , .. 91·1 IIll·S .. . . \13·7 92·7 .. 
01·11 liB· 1 .. .. lIB· , lIB· 2 . . .. 04·, lIB· 7 .. .. 15·' II!!· 2 .. 
\13 .• 111·0 .. . . \13·7 111· 8 .. .. 04· 'I IIll·l . . .. 115· , \12·6 . . 
811·' !l9·' .. .. 90S 900 . . .. 111·8 90· , .. .. 112·7 111·0 .. 
1I11·11 111·9 .. .. 1128 91·8 .. . . \14·1 \Ill .• .. .. 950 \130 .. 



TABLES FOR CHAPTER III. 
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Explanation of some of the difficult columns in the root.register (Chart No. I). 

Root8 oj diJJerent order8. 

The roots which directly arise on the tap.root have been designated &8 the roote 
of the first order. Those that immediately arise on the roote of the first order are 
called " roots of the second order" and so on. In this way roote of various ord61'll 
have been classified. 

Soil layer. -

This shows the depth reached by the tap·root from the sou·surface. 

·Total rootlets. 

This is the sum of all the rootlets, developed (large), and undeveloped (small). 
The large rootlets have appreciable lengths which can be easily measured and hence 
these rootlets are later on called " measured rootlets." The small rootlets are very 
small and their length could not be easily measured. Hence, these are called 
" unmeasured rootlets." 

Total length. 

This is the total length of the individual root. 

Total depth.. 

This is the depth reached by the individua.l root from the soil·surface. 

Originating at. 

This shows the length of the roots of one order from the point at which 
another rootlet belonging to the next order arises. 

The rest of the columns are &eH.explanatory. 



TABLE No. 42. 

Chart No. I. 

Specimen page from the field regi8ter of root measurementB. 

(Measurements in centimeters.) 

Tap.root. Roots of let order. 

Dates. Plant 
number Diameter Length I of tap. of tap· 

root. root. 

1 B S 4 

25th J annary. 1931 
100 

~.e.~~ 
root. 

5 

00 

Depth 
of Boil 
layer. 

6 

5 
8 
7 

15 
17 

20 
24 
21 

iii 

2S 

25 
27 
30 

33 
20 

23 

il6 

40 
37 
62 

20 

Total 
toot· 
lets. 

7 

42 

Total 
length. 

8 

8 
9 
8 

12 
35, 

91 
44 

127 

146 

13S 

io 
105 
IS 

97 
39 

126 

70 
11 
14 

1,178 

Total 
depth. 

9 

7 
10 
12 
32 
18 

34 
35 
57 

88 

84 

30 
85 
as 
40 
61 

69 

109 
54 
78 

323 

DlT_ 
tiono. 

10 

S 
W 
E 
N 
S 

S 
W 
E 

S 

W 

E 
W 
S 

N 
W 

E 

N 
E 
W 
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Orlg!. 
natlng 

at 
(length). 

11 

6 
6 
8 

12 
10 

24 
27 
12 

14 
18 
18 
19 
26 

80 
S3 
16 
29 
31 

80 
28 
81 
24 
27 

43 
66 
46 
44 
.!)8 

61 
62 
76 
40 
40 

41 
46 
6~ 

36 

.TABLE No. 42-c0ntd. 
Chart No. I~cmtd. 

Specimen page from the field register of root measurementB~ontd. 
(Measurements in centimeters.) 

Roota of 2nd order. Roota of 8rd order. Roota of 'Ih arder. 

Total Orlg!. T tal Orlg!. Total root;; Total I Total DIrec- nating 0 Total Total Dlrec- nattna Total Total 
leta. length. deptb. tiona. at root- length. deptb. tiOllll. at root- length. depth. (length). leta. (lenatb). leta. 

I . 

12 13 U 16 It1 \17\ 18 19 20 21 12 18 2& 

1 14 2~ W 3 
1 3~ 21 E 12 
~ 16 19 N ~ 
8 21 27 8 7 • 13 18 E 1 

14 
6 

2S 26 if 'i 30 

80 
16 rs 8 4 
SS E 4 

119 66 N 35 24 13 48 8 2 
9 20 W 44 26 66 W 4 
7 24 W 

'4 
87 

43 22 8 
20 40 E 6 

36 41 N 86 8 8 40 8 I 
30 S6 W 89 7 11 42 W 1 

84 
8 36 8 1 

47 64 8 4 
1 70 63 N 6 

10 106 61 E 4 
4 79 83 8 6 

24 
68 43 8 

80 
4 

iii il8 ii '2 61 86 W 3 
26 80 W 2 

18 64 E 1 
22 66 W II 
48 71 N 8 
14 6~ E 'i 16 68· W 

29 '17 8 4 
9 76 8 1 

if. 
28 81 N 2 
23 62 N/E 2 
13 63 W 2 

19 42 E 42 1 88 40 W I 
76 87 W 49 ~ 30 71 NIB II 
89 72 8 88 18 3~ 89 8 8 

70 26 00 W 2 .. 1,276 69 147 81 92 8 1 

11 10 263 26 
1 
2 

287 

D 
tiona 

26 

EXPLAIU.TION.-!n column 6, the lotb lIgure IS 13. ThIS sbOWl' that a sub-root arose on the tap-root at a dlStanee of 
IS ems. from the soU-surface. ThIS bas a lengtb of 148 ems. (column 8) and reaches the depth of 88 CIIIII. (column 9) 
and bas proceeded in tbe soutbern direction (column 10). On this Bnb-root, one rootlet at a dlstanee of 12 emil. 
(column 11) from tbe polot of Ita origin arises. This rootlet gives rise to 80 rootlets (column 12) out of ... b1eb 0D8 
attains tbe lengtb of 83 ems. (column 13) and penetrates to tbe deptb of 16 ems. (column 14). ThIS baa looe In the 
eastern direction (column 16). This rootlet glVeB rise lD Ita turn to" rootletB (columD 17) ... bIeb are VerJ IJUaII. 
In tbiB way, aU tbe columna can be read. 



TABLE No. 43. 

Chart No. II. 

The 1TI£thod of classifying the data obtained in Chart No. I. 

Tap.root·1 Roots of 1st order. Roots of 2nd order. I Roots of 3rd order. I Roots of 4th order. I ·Roots of the whole plant. 

8 4 I Ii I 6 7 8 I 9 l 10 I 11 I 12 I 13 I 14 I 15 I 16 I 17 I 18 I 19 I 20 I 21 I 22 I 28 

~ ,fj 

I 
,fj 

" " ,fj :;I :;i ,fj :;I :;i. ,fj :;I = ,fj 

" 
0 

" 
0 

" 0 .. . 
" :;I 0 

:i - ~ 
0 -S~ :;I 0 'S! :;I 

0 
.. o. .. B 0 

.. 
~ 0 e a! " :S~ e '" " z~ e '" ,d:;l e :;I " ~ " :;I "'0 

'S...:. II...:. 0 "'0 '" . II...:. "'0 'S...:. II...:. 0 "'0 'iii ~:; 0 il" ".,;- ~:; 0 " .. ~=a 0 " .. ~ ~ 
.. ill. .. :a I! .. .!~ II ill. .. .!~ II~ 

~ 
=:; ~! ~ d ~ ~s ~! d 1 ~l go ~e 0- ,,- =- ~ 

~c 
o'l A ::a p Eo< Eo< ::a p Eo< Eo< ::a p Eo< ::a 

100 ~I 20 22 42 1,178 S6 231 267 1,276 10 137 147 263 .. I 
Introduction to the classification of data of root measurements obtained from the original field register. 

Chart No. II. 

Columns 1 and 2-These ofter no dIlIIculty. 

Column 8-The figure 20 Is obtained by noting the number of figures in column 6 of Chart No. I. 

4-The figure 22 is obtained by subtracting 20 from 42 (column 7, Chart No. I). 

6--This is the total length of the Individual rootlets in column 8 of Chart No. I. 

.. 7-ThIs is the number of figures In column No. 11, Chart No. I. 

n 8-This is the dilference between the total rootlets, 267 (column No .12, Chart No. I) and S6. 

The other columns have been sImlJarly filled. 

.! .! 
" " :;I :;i .! ~ = 8 " 0 

... 
-ali :;I .. 'O~ .. 

~ 0 .B i a! ,d" 0 a! " ~~ :;I tO:;I .. 
i ~a 0 j2 'iI"':' II...:. Iile e !j '" ! .. !;ill. .. 

ii 1 ~! ~ ]~ !! :3 
0" 9.s 

~ p Eo< Eo<- ::a p Eo< "" 
26 

I 
26 .. 66 416 482 2,817 .. 
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TABLE No. 44. 

Periodical diameter 01 the tap-root in C11I8. at the BUr/au 01 the BOil. Pla7ll8 f1"OWI' 
expoBed to the U8'/.UJl damage by the BpOtted boll-worm. 

(Average of 4: tcJ 5 plants.) 

Period ending 1926-27. I 1928·29. 1929·30. 

27th August .. .. .. . .. .. .. .. 0·50 0·26 
2nd September .. .. .. .. .. .. .. .. .. 
9th September .. .. .. .. .. .. .. 0·56 .. 
16th September .. .. .. .. .. .. .. .. .. 
23rd September .. .. .. .. .. .. .. 1·15 .. 
30th September .. .. .. .. .. .. .. .. 0'83 

7th October .. .. .. .. .. .. 0·63 1·25 .. 
14th October .. .. .. .. .. .. .. .. 0'93 

21st October .. .. .. .. .. .,. 0·68 1·40 .. 
28th October .. .. .. .. .. .. .. .. 1'01 

4th November .. .. .. .. .. .. 0·76 1·75 .. 
11th Novembel' .. .. .. .. .. .. .. .. 1·20 

18th November .. .. .. .. .. .. 0·95 1'72 .. 
25th November .. .. .. .. .. .. .. .. 1·10 

2nd December .. .. .. .. .. .. 1·17 1·70 .. 
9th December .. .. .. .. .. .. .. .. 1'22 

16th December .. .. .. .. .. .. 1·35 1·70 .. 
23rd December .. .. " .. .. .. .. .. 1'20 

30th December .. .. .. .. .. .. 1·53 1·83 .. 
6th January .. .. .. .. .. .. . . .. 1,20 

13th January .. .. .. .. .. .. 1·&0 1·73 .. 
20th January . . . . .. .. .. . . .. .. 1'20 

27th January .. - .. . . .. .. .. 1'55 1'80 .. 
3rd February .. .. .. . . .. .. .. .. 1'37 

10th February .. .. .. .. .. .. 1·45 1·70 .. 
17th February .. .. .. . . .. .. .. .. 1'20 

24th February , ' 
1'53 1-1;3 .. .. . . .. . . .. .. 

3rd March .. .. .. .. .. .. .. .. 1·20 
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TABLE No. 45. 
Periodical depth in ems. ren,ched by the tap-root. Plants grown exposed to tke usual 

damage by the spotted boll-worm. 
(Average of 4 to 5 plants.) 

Period ending 1926·27. 1928-29. 1929-30. 1930-31. 1931-32. 

27th August 77·55 

2nd September 51·90 45·6 

9th September 80·35 Rain. 

16th September 49·83 49·83 

23rd September 90·35 70·6 47·21 

30th September 64·17 60·1 

7th October 33·04 81·13 52·25 

14th Ootober 90·67 84·4 

21st October 35·83 93·88 

28th October 96·33 83·9 53'83 

4th November 92·67 

11th November 103·88 97·7 60'91 

18th November 58·50 90·33 

25th November 119·50 112·1 65·20 

2nd December 120·00· 93·63 

9th December 99·00 123·3 85·20 

16th Deoember 113·25 103·75 

23rd December 118·25 148·5 95·00 

30th December 130·00 120·00 

6th January 138·00 110·2 98·70 

13th January 157·88 127·75 

21st January 151·87 132·0 100·25 

27th January .. 106·50 117·00 

3rd February 115·25 108·7 109·25 

lOth february 160·50 IlI5·00 

17th February 112·48 119·5 125·00 

24th February 187·00 109·33 

3rd March I 116·75 111·2 140·00 
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TABLB No. 46. 

Length 01 tap-root in emB. lor different years. Plants grOW1l up0se4 10 the U8tUII 
damage by the spotted boU·worm. 

(Average of 4 to 5 plants.) 

Period ending I 1926-27. I 1928·29. I 1929·30. 1930.31., 1931·32 • 

.. 
27th August .. .. .. .. 77'65 .. .. .. 
2nd September .. .. .. .. .. 66·20 50·2 .. 
9th September .. .. .. .. 81·67 .. rain. .. 

16th September .. .. .. .. .. 67·76 .. 63·18 

23rd September .. .. .. .. 101·00 .. 77·7 63·21 
30th September .. .. .. .. .. 73·17 72·8 .. 
7th October .. .. .. 28·60 91·35 .. .. 6.·95 

14th October .. .. .. .. . . 102·50 108·9 .. 
21st October .. .. .. 37·60 104·60 .. .. .. 
28th October .. .. .. .. .. 109·33 92~7 68·50 

4th November .. .. .. 55·00 89·76 .. .. .. 
11th November .. .. .. .. .. 120·60 122·1 76·33 

18th November .. .. .. 63·00 108·00 .. .. .. 
26th November .. .. .. .. .. 139·.0 138·3 98·80 

2nd December .. .. .. 161·60 109·13 .. .. .. 
9th December .. .. .. .. .. 118·00 130·7 129·20 

16th December .. .. .. 122·00 112·25 .. .. .. 
23rd December .. .. .. .. .. 136·25 1"·0 118·25 

30th December .. .. .. 168·60 138·00 .. .. .. 
6th January .. .. .. .. .. 162·50 lU'O 113·50 

13th January .. .. .. 161·60 125·67 .. .. .. 
21st January .. .. .. .. .. 181·87 143·0 117·60 

27th January .. .. .. 165·60 109·67 .. .. .. 
3rd February .. .. .. .. .. 127'60 123·6 lUi·25 

10th February .. .. .. 161·00 153·26 .. .. 
17th February • 0 .. .. ... .. 138·00 146·7 152'25 

24th February .. .. .. 192·60 135·67 .. .. .. 
3rdMarch .. .. .. .. .. 136·87 149·7 IM'OO 

10th March .. .0 .. 172.60 .. .. 125'0 .. 



, , TABLE NQ. 47. 
~ ,', ' 

Number oldeveloPed and uniliveloped roofs oj the first order •. Plants groWn exposed to the UsUal damage by the spotted boll-worm. 
(Average of 4 to 5 plants.) " 

Date ot lowing. 7-7-1928. I 1-7-1929. I 26-6-1930. '; 1 2-7-1931. 

. , 1928'29 • I 1929-S0. I' 1930-31. j 1931-32. 
Period ending I undev·1 I, j unde~·1 I lUndev·1 I 1 undev,l . , Dev, Total, Dev • Total. Dev. To~, Dev. Total. 

27th August , . .. ' .. ,. ; 13'0 29'0 42'0 .. .. ,' . ,', .. .. ' .. .. .. 
2nd September .. .0 .. .. 

1Fo 89:0 50:0 
7'2 25·0 32'8 8'8 33'4 42-2. .. .. .. 9th September .. .. . . .. 
r07 20:83 SO:5 

. , .. .. 
6:83 3S:5 li:83 16th September ,- .. .. .. 

1rOO 5r5 .00:50 10:0 34:0 44:0 23rd September .- .. .. .. 
13=0 • 24::; 3fo 

5'60 '37'06 42'86. 
80th September .. ,. .,. .. .. ' .. .. :11'2 24'2 35'4 .. .. .. 
7th October - - .. .. 14·0 29'0 43'0 

li=17 4i:83 58:0 15:' 34=0 40:' 
12·0 S8'0 50'0 

14th October .. .. 
:, 14=0 42:5 

.. .. " 21st October ", .. .. '0 50:5 
42:17 5r3S 23:0 33:2 50:2 18:33 20:5 ~2:8S 28th October .. .. .. .. .. .. .. IS:16 

4th November .. ' !- .. : 13'75' 24''1'5 38'5 
10:40 4r6 58:0 20:0 Si=2 5i:z 10:83 20:34 

' .. 11th November .. .. .. .. 
25:67 4fo 

40'17 
l~th November .. .. .. .. 2i:33 

15:6 45:4 6i:0 24=S 34:0 59:6 2i=4 .30:2 erO 25th November .. .. .. .. " .. .. 

2nd December .. .. .. .. 19'50 27'5 47'0 
20:4 40:6 24:' 3S:4 57:S 23=, SO:, '5r8 9th December .. .. .. .. 

20:5 
17:2 

16th December .. ... '0 .. .18:25 47:75 
10:0 37:75 5S:75 2i=0 50:0 77:0 22:5 26:25 48:75 23rd December or " ' 

.. .. 
30:66 48:33 80th December .. .. .. .. 17:66 .. .. . , .. .. .. .. .. ' .. 

6th January ," .. , .. .. 
16:67 25:67 42:33 

20'75 55'75, 76'~ .21'5 27'75 49'25 28'2 33'0 61'2 
13th January .. .. .. .. 

20:75 74:25 95:0 2i=5 34:76 60:25, 23=5 3S:76 57:25 20th January .. .. .. .. 
15:67 1S:0 28: 67 27th J annary .. .. .. .. .. .. .. .. .. .. .. .. .. 

Srd February .. .. .. .. 
12:5 3r6 4fo 

26'5 66'0 82'0 ,20'75 36·6 57'25 20'0 32'25 ,,52'25 
lOth Pebruary , .. .. .. .. 

24:75 47:5 72:25 20:75 30:6 67:25 24=5 36:25 ,60:75 17th February " .. .. .. 
20:33 22767 43:0 24th February. ," .. '0 ", .. .. .. .. .. .. .. .. .. 

Srd March .. .. .. ., .. 19'0 44'75 63,'75 18,75 34·75 53'5 25,0 33'0 58'00 
~ ..... , 
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TABLB No. 48. 
. ... 

Length 0/ roots in. ems. a/eM 1st 'order /0, diJJerent geM,. Plants exposed to tAc U81UJl 
,da1M{/6 by the ,potted boU-tDOf'fIl, 

(Average of 4 to 0 plants.) 

Date of sowing-Period ending 1928·29. 1929·30, 1930.81. 11131·32. 

27th AUiUSt 150·95 
: .. .. .. .. .. .. .. .. 

2nd September .. .. .. .. 182'30 192·& .. 
9th, September .. .. .. .. 215'60 

2:37'25 
.. .. 

16th'September .. .. .. .. .. .. .. 190·33 

23rd September .. .. .. -. .. 446'75 .. 266·0 193'43 
30th: September .. .. .. .. .. .. 4.91'42 359·11 .. 

7th October .. .. .. .. .. 607·9 .. , .. 357·37 
14th October .. .. .. .. ,', 6~7'6 658·3 .. 
21st October .. .. .. ,. . . 752·97 .. .. .. 
28th October .. .. .. .. .. " 840·5 1106·7 601'91 

4th'Novemb8r .. .. .. .. .. 797'32 .. .. .. 
11th November .. .. .. .. .. .. 972·8 1161·9 698'6 

18th'November, .. .. .. .. .. 1102·26 .. .. .. 
25th November .. .. .. .. .. .. 1018·0 1625'7 1196·0 

2nd December .. .. .. .. .. 1185·0 .. .. .. 
lith I)ecember ' .. " .. .. .. .. 1074'2 1686'2 1227·0 

16th December .. .. . . .. .. 1100·87 ... .. .. 
23rd December .. .. .. ,. .. 1070·5 ' 1608'6 1323·7& 

30th December' .. .. .. .. .. 1324·20 .. .. .. 
~th, J:anuary , ',' .. .. .. 

" 
.. 15.9'82 1457" 1648'20 

, . : : 
13th January .. . , .. .. .. 1081·17 .. .. .. 
2~h:Jan~: ' .. ~ ·0 .. : -:- : ~. : '" 1238·37 1553·3 1461'0 

27th January .. , , .. .. .. 999·17 .. .. .. 
3rd: February . ' , · , .. . .. 1355'82 1671,0 1173'75 -., .. .. ' . .... • • e' • ,. ' 

1!)th. FepfU&IY. . ,. . ... .. .. , " . · ,., . 869:%5, 
1240·10 

. . , . 
17th February .. . , ' . 1394'9 1800" .. .. .. .. .. .. 
25th February .. .. .. .. .. 1217·0 .. .. .. 
3rd)larc,h .. ' .. ' .. .. .. .. 978·75 1241,0 1594·68 



TABLE No. 49. _ 

~ Numb~r oj developed a;""z uridevel<iperi roots:oJ tht 2nd order: : 

Plant8 grown exP08ed to the UBUaZ darrw,ge by the 8pOtted boU-'IIJ01'1n. 

(Average of A to 5 plants.>, . 

Date of lOwing. 7-7-1928. 15-7-19211. 26-&-:11130. 2-7-11131 • . 
1928-211. 1929-30 •. 111l\<Hl. 11131-32. 

Period encllnl I undev·1 I undev·1 I undev·1 lundev·1 Dev. Total. Dev. Total. Dev. Total. Dev .. Total. 

-
17th AlJIIUBt . . , .. ,. .. 2·0 35'5 37-5 .. .. .. .. .. .. .. .. .. 
2nd September. : .. .. .. .. 

r5 13S:0' 138:5 
1-' 88-4 Slt-8 '1-0 :1211-0 130-0 .. .. .. 

11th September •• .. .. .. .. 
r5 107:33 108:83 

.. .. .. 
2:83 107:07 1l(i:o 16th September •• .. .. .. .. 

10:0 176:0 186:0 fo 107:2 112:8 2Srd September •• .. " .. .. 
i:83· 202:17 20(.:0 

1-83 85-08 80-91 
80th September •• .. ... .. " .. .. .. ·0-0 9S-6 . 99'0 . . .. . . 
7th Oetober .. .. .. .. .. 11-25 244-0 253-25 

4=17 2Sr6 235:67 14:6 16i:, 176:0 
2-75 110-0 112-75 

Uth October .. .. .. .. .. 
9:0 296:75 305:75 

.. .. .. 
2lot October .. .. .. .. .. 

4:33 242:67 24fo· i4:2 256:2 : ~70:' 7:88 1bz:84 110: 1'1 28th October .. .. .. .. .. .. .. . . 
4th November •• .. .. .. .. 1'-75 264-0 278-7 

r2 25S:2 263.:4 16:6 187:8 204:' 16:5 21S:88 285:88 11th November •• .. .. . . .. 
li:S3 356:83 86r66 18th N ovembe ••• .. .. .. .. 

5:' 22rli 227:2 25:8 287:2 in3:0 23:6 237:2 260:8 25th November •• .. .. .. .. . . .. .. 
2nd December .• ... .. .. . . 16·0 815.·7~ 8~1'75 

7:0 263:2 270.:2 ~5:.4 266:8 !l02:2 80:2 273:6 303:8 11th December •• .. ..' .. .. 
10:75 28i=5 29Z:25 16th December •• .. .. .. .. 

li=O 28i:75 292:75 Si:75 315:75 847:5 20:0 24i=5 270:5 2Srd December •• .. .. .. .. 
16:0 865:0 88rO 80th December •• .. .. .. .. .. .. .. .. . . .. . . 

OthJanuary .. .. .. .. .. 
0:33 232: 66 242:0 

6'0 468'5 474-5 29-5 252-0 281'5 34'0' 316-0 850-0 
18th January .. .. .. .. .. 

S:25 886:25 394:5 32:75 310:25 343:0 30:25 286:25 817:5 2lot J aDuafY .. .. .. .. .. 
14:0 210:33 224:67 27th January .. .. .. .. .. .. .. .. .. .. .. . . .. .. 

Srd February .. .. .. .. .- li:5 19rO 208:5 
5-5 489-75 495-25 28'5 322'5 351'0 25-25 213-25 288-5 

10th February " .. .. .. .. 
6:75 324:75 33r5 20:0 257:25 277:25 23:75 345:5 860:25 17th February .. .. .. .. .. 

0:0 284: 33 293:33 2Uh February .. .. .. .. .. .. .. . . .. . . .. . . .. .. 
8rd March .. .. .. .. .. . , .. .. 7'25 236-25 243-5 16-0 161'25 177-25 23'66 801'67 325'88 
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TABLE No. 50. 
. . . 

i-ength in ems. oj "ooi8 oj the . 2nd order Jor different yeMs. Plants growra exposed 10 
the 'USUal damage by the 8potted boll-worm. 

Period ending. 1928·29. 1929·30. 1930.81. 1931·32. 

I 
27th AUgust .. .. .. .. .. 16·10 .. .. .. 2nd September .. .. .. .. .. .. lQ·8 19·8 . .. 

I 

9th September .. .. .. .. .. 95·0 .. .. .. 16th September .. .. .. .. .. .. .1·67 I .. 83·83 

23rd September 
'" .. .. " .. 170,.60 .. 113·0 M'17 30th September .. .. .. .. .. .. 67·92 163·8 .. 

7th October .. .. .. .. .. 202·6 .. .. 73·25 
14th pctober .. .. " .. .. .. 193·6 653·7 .. 
21st October .. .. .. .. .. 364·17 .. .. .. 
28th October .. .. .. .. ., .. 132·08 605·9 229·0 

4th November .. .. .. .. .. 595·.0 .. .. .. 
11th November .. .. .. .. .. .. 221·. 618·' 665·5 

18th November .. " " .. .. 458;33 .. .. .. 
25th November .. .. .. .. .. .. 237·3 941·3 648·0 

2nd December .. .. .. . " '.' 641·60 .. .. .. 
9th December .. -. .. .. .. .. 314·0 1578·0 1005·2 

16t,h December .. .. .. .. .. 509·75 .. .. .. 
23rd December .. .. .. .. . .. ... 556·75 1540·6 930·25 

30th December .. .. .. .. . . 890·56 .. .. .. 
6th January .. .. .. .. .. .. 263·63 1603·1 106"0 

13th January .. .. .. .. .. 586~17 .. .. 
20th January .. .. .. .. .. 339·0 1459·6. 1134·0 

27th January .. .. .. .. .. 424·17 .. .. .. 
.3rdF~b~ .. -. .. .. .. .. 220·37 1359·' 1107·75 

lOth February .. .. .. .. .. 681·25 .. .. .. 
l"'1th February .. .. -... .. .. ... 309·10· 873·8 1203·6 

2.4th February .. ... . , . .. 416·00 .. .. .. 
'4thMarch .. .. .. .. .. .. 267·0 710·6 818·66 

11th March .. .. : :-:- .. .. . . • r .. 687·3 
18th March .. .. .. .. .. .. .. .. 1029·25 

- . 

... ~ . ~ ..... ...... 



TABLE No. 51. 

Number oj developerl and 'utuleveloperl roots oj tJie :3rd Order. 

Plant8 grown eXp08ed to the U8wU daniage by the 8potterl boll·worm. 

(Average of 4 to 5 plants.) 

Date of towlns. 7-7-1928. 15-7-1929. 2&-8-1980. ~7-11181. 

11128-29. 1112Q-80. ),IISG-8L 11181-82. 
Period endlns. 

! undev·1 ! undev·1 I undev_1 I undev.! Dev. Total. Dev. Total. Dev. Total. Dev. Total. 

27th August, 2'0 2-0 

2nd September __ 
0:25 60:0 60:25 

6'4 6-4 11-4 11-' 
9th September •• 

15:0 lrO 14:88 14:88 16th September _. 
ii:5 Sr5 87:0 0:2 8i:0 8i:2 0:16 23rd September •• 

24:S3 
12-67 12'83 

30th !!eptember •. 24'83 1'0 82-2 83:2 

7th 'October 0'75 81-50 88'25 
0:16 6fl7 67:83 '2=8 : 136:2 130:0 

2a-0 26-0 
14th October 

f25 UrO 172:25 , ~t~ 'b~~~":r sf83 87:S3 i:8 116:2 98:0 0:88 8f61 8S:0 

~thNov.mber: " 8-0 217'75 220-75 
6i:6 6i:o ii:2 : ,93:4 110:6 r8S 118:88 120:16 11th November __ 

2:0 139:66 14i=66 18th November _. 
58:0 53:0 6=6 l1S:4 125:0 ':2 117:' 10r6 2~tbNov.mber __ 

2nd 'December' _ • 1'0 164-25 166,25 
0:2 85:4 85:6 7:6 206:0 213:6 3:' 177=2 180:6 11th December _. 

i:o 110:5 16th December .. 120:5 
0:7a 113:0 113:75 S:O 194=5 1117:5 ':0 104:25 108=25 28rd December, _. 

i=88 186:67 188:0 80th Dec.mber' _. .; 

6th January .. 
0:67 120:67 12i:S8 

113-5 93'0 8'0 164'0 172'5 2'5 186-0 18S'50 
13th January .. 

0:75 11':0 114:75 6:25 235:75 24i=0 6:25 165:0 170:25 20th January 
fo 18i=66 182:67 27th ~ ""nary .. 

8rd ~ebrual'y 
2:0 186=5 

O'2a 91'0 91'2a 2'50 212-25 214-75 5-25 1411'20 154'60 
10th ebrnary 188:5 

0:25 SrO 8i:2a i=7a 138:0 139:76 7:0 162:25 17th February 
0:88 110:88 00:66 

1611,25 
24th ,iebruaty w 

8rd March' .. 57-0 51'0 4,0 90-0 94'0 '-0 186-83 190-a8 t8 
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TABLE No. 52. 

Length. in emB. 01 root8 01 tM 3rd urtkr lor dil/eref!J gwrB. 

Plan~ expOBed to the 'UBUaZ ¢a1TUJge by the spotted boU-worm. 

(Average of 4 to 5 plants., 

-
'Period ending 1926-27. .1928-29. 1929-30 • 1930-31. 

27th August , . . .. .. . . .. .. . . 
!lnd September .. .. .. .. .. .. .. 
9th September .. .. .. .. 1·11 .. .. 

16th September .. .. .. .. .. .. .. 
23rd September .. .. .. .. 18'7 .. 11·8 
30th September .. .. .. .. .. .. 17·1 

7th October .. .. .. .. '6,27' .. 
14th October .. .. .. .. .. 6·83 81iol 

21st October .. .. .. .. 31·92 .. 
28th October .. .. .. .. .. .. 41·7 

, ' 

4th November .. .. .. .. 132'62 .. .. 
11th November .. .. .. .. .. .. 70·4 

lSth November .. .. '0 .. '64·33 .. 
25th November .. .. .. .. .. .. 166·6 

I 

2nd December .. .. , .. .. 38·47 .. 
9th December .. .. .. .. .. 6·40 190·4 

16th December .. .. .. .. 27·87 .. 
146·9 23rd December .. .. .. .. .. ; 26·25 

30th December .. .. .. .. 37·83 .. 
~thJanllmy . , .. .. .. .. .. 317·8 

13th January .. .. .. .. 22·3~ .. 
256·7 20th January .. .. .. .. . " 30·0 

27th January .. .. .. .. 56·33 .. 
ti·o '3rd Febl'WD'Y .. .. .. .. .. 5·60 , 

10th February .. .. .. .. 62·76 .. 
89·3 17th February .. .. .. .. .. 4·50 

25th Febmmy .. .. .. .. 7·33 .. 
103'11 3rdMarch .. .. .. .. .. .. 

10th March .. .. .. .. .. .. 69.3 
18th Maroh ~ ... .. .. .. .. .. .. 

1931-32. 

. . . . 

.. . . 
3·79 .. 
.. .. 
.. 
17·15 

.. 
39·16 

.. 
110·2 

.. 
811·6 

.. 
119·15 

.. 
72·711 

.. 
98·711 

.. 
134·0 

176·211 

.. 
107'23 

.. 
122.211 



Date of lowing. 

PerIod endlnJr 

27th August •• 
2nd September •• 
9th September •• 

16th September •• 
23rd September .• 
80th September .• 

7th October 
14th October 
21st October 
28th October 

4th November; .• 
11th November •• 
18th November .• 
25th Novemi!er •.• 

2nd ·Decembe' .• 
9th December .• 

16th December .• 
2ard December' .• 
80th December' 

8th January 
18th January 
20th January 
27th January 

Srd February •• 
10th February 
17th February .. 
24th February 

Srd March 

TABLE No. 53. 

Number OJ deveioped and v/n4eveloped rootB oj the 4th Mder. 

Plant8 grown exp08ed to the UBUal damage by the 8POtted boll-worm. 

: (Average of 4 to 5 plants.) 

7-7-1928. 

1928-29. 

Dev. I undev·1 Total. 

I 

S-75 8-75 

1772 1772 

45-,0 '5-0 

18:33 18:33 

10-25 10-25 

6725 5:25 

15:0 15:0 

8:07 8:07 
11;:06 15:06 

10:6 10:5 
2: 33 2:33 

Dev. 

15-7-1929. 

1929-30. 

I trndev·1 Total. 

roo roo 
5:755:75 

1·50 ,1'60 

i725 i:25 

26-&-1930. 

1930-31. 

Dev. ! undev·1 Total. 

I ;'~ 
2,00 

1-0 84- 25 35'25 

32:25 32:25 

025 10-25 10'50 

0:25 f25 7:50 

11'25 11-25 

2-7-1981. 

1931-82. 

Dev. I undev.! Total. 

9:88 ,9:83 
13:0 13:6 

If, If, 
13:75 13:76 

7'25 7'25 

14:75 14:76 

13'75 13'75 

82:25 82:25 

19'86 19'86 
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TABLB~O.M. 

Length in ems. oJ root8 oJ t~ 4th order lor dil/are"", gear •• 

Plant8 gr~ exposed to the 'lUUal dtmuJge by the ,potted boll-worm. 

(Average of 4 to 5 plan~8.) 

-
Period ending 1926·27. 1928·29. 1929.30. 1930·31. 

27th August .. .. .. .. .. . . .. 2nd September .. .. .. .. .. .. .. 
9th Sptember .. .. .. " .. .. .. 16th September .. .. .. .. .. .. .. 

23rd September .. .. .. . . .. .. .. 30th September .. .. .. .. .. .. .. 
7th October .. .. .. .. .. .. .. 14th October .. .. .. .. .. .. 3'8 

21st October .. .. .. .. .. .. .. 28th October .. .. .. .. .. .. 2'2 
4th November .. .. .. .. .. .. .. 11th November .. .. .. .. .. .. .. 

18th NoVember .. .. .. .. .. .. 
i"l 25th November .. .. .. .. .. .. 

2nd Deoember .. .. .. .. , . .. .. 9th December .. .. .. .. .. .. .. 
16th Deoember .. .. .. .. .. .. 

it'76 23rdDeoember .. .. .. .. ~ . .. 
30th Deoember .. .. .. .. .. .. 

'6'0 'lthJanuary . , .. .. .. .. .. 
14th January .. .. .. .. .. .. .. 21st January .. .. .. .. .. .. .. 
2!!th January .. .. .. .. .. .. .. 3rd February .. . . .. .. .. .. 3'6 
10th February .. .. . . .. .. .. .. 17th February . . .. .. .. .. .. 'l'8 
25th Febmary .. .. .. .. .. .. .. 3rd.March .. .. .. .. .. .. .. 
10th March .. .. .. .. .. .. 2'8 18th March .. .. .. .. .. .. .. 

; .... 

1931·32. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. 
11'80 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 



TABLE No. 55. 

Total number oj roots oj all orders oj the cotton pw,nt grOW7/. exposed to the 'USUal damage by the spotted boll-worm. 

~Average of 4 to 5 plants., 

192&-29. 1929-30. 1930-31. 1931-82. 
Date of sowing. 

7-7-1928. 15-7-1929. 26-6-1930. 2-7-1931. 

Period ending Dev. I undev·1 Total. Dev. I undev·1 Total. Dev. I Undev.\ Total. Dev. I undev·1 Total. 

27thAngust ... .. .. .. 15'0 67:0 82·00 . . .. .. . . .. .. .. .. . . 
2nd September .. .. .. .. 

16:75 232=00 248:75 
8'60 120-40 129-00 10-40 173-8 184-2 _. .. .. 

9th September .. .. .. .. 
1f17 143:16 15r33 

.. Rain . .. 
8:66 158:00 166:66 16th September .. .. .. .. 

24:50 320:50 345:00 15:80 174:8 190:6 23rd September .. .. . . .. 
14:83 25i:50 260:33 

7-59 135-07 143-56 
80th September .. .. . . .. .. _. .- 18-8 161-4 170-2 _. _. .. 

\ 

7th October .. .. . . .. 24-00 362-25 386-25 
15:50 344:16 350:06 33:0 35S:4 386:4 

14-75 173-00 187-75 
14th October .. .. .. .. 

24=25 527:45 55r70 
_. .. .. 

21st October .. .. .. .. 
10:49 322:67 342:16 30:0 397:8 436:8 20:99 174=61 195:60 28th October .. .. . . .. '.' .. -. 

4th November ,. .. . . .. 31-50 551-50 583-00 
2i:60 36i=40 383:00 30:8 318:8 358:6 35:10 376:83 41i:49 11th November .. .. . . .. 

34:66 530:98 574=64 18th November .. .. .. .. 
2rOO 320:20 34i:20 5r8 464:4 522=2 40:80 377:80 42r60 25th November .. .. .. .. .. .. " 

2nd December .. .. .. .. 36-50 518-25 554-75 
24:40 370:60 404=00 67:4 520:2 596:6 57:00 408:60 555:60 9th December .. .. .. .. 

30:00 435:76 465:75 16th December .. .. .. .. 
27:75 438:25 466:00 56:25 586:25 642:5 55:50 885:75 "i:26 28rd December .. .. .. .. 

34:99 597:33 632:82 30th December .. .. ... .. .. .. .. _. .. . . . . .. -. 
6th .ranuary .. .. .. .. 

20:67 88r66 414=33 
26-75 617-75 644'50 60·5 480·6 541'0 64'70 492-25 556'95' 

18th .r anuary .. .. .. .. 
29:75 584:25 614,:00 60:5 613:0 672:5 50:00 500:76 560:75 20th .r anuary .. .. .. .. 

80:67 420:65 45r32 27th .r anuary .. .. .. . - .. -. .. .. .. . . . . .. . . 
3rd February .. .. . . .. 

20:00 375:50 40i:50 
32'2.5 63S-25 670·50 52'0 681'6 633'5 50'50 408'50 459·00 

10th February .. .. .. .-
3r75 454:50 486:25 42:75 440:0 482:76 65=25 576:25 63r50 17th February .. .. " .. 

20:66 890:66 420:32 24th F~bruary .. .. .. .. .. .. .. . . .. . . .. . . .-
. 8r~ March .. .. .. .. .. .. . . 26·25 33S'00 364'25 38'75 297- 25 I 336'0 52-66 540'66 593'82 



TAlILlil No. 56. 
Length in ems. oj roots oj all orders. Plants grown exposed to the usual dtJmtJge by the 

spotted boll-worm. 
'(Average of 4 to 5 plants.) , 

Period ending 11926.2;. 11928:29. 11929.30. 11930.31. 11931.32. 

21th:August' .. .. .. .. 161'05 .. . . 
2nd September .. .. .. .. .. 253·30 262·3 
9th September .. .. .. .. 312'10 .. .. 

16th. September ... ' .. .. .. .. 336·61 .. 
23rd'September .. .. .. .. 636·05 .. 462·5 
30th September .. .. ,',I .. .. 622·61 612'8 
7th October .. .. .. . . 371-25 816·67 .. .. 

14th:OctobeJ: ," .. .. .. .. ' 910·43 1409'8 
21st October .. .. .. 749·33 1139·06 .. .. 
28th October .. .. .. .. .. 1081,91 1749·1 
4th Novembel; .. .. 536·75 1525.·34 .. .. 

llth:November .. .. .. .. . . 1314·60 1972·8 
18th November .. .. .. 953·00 1624·92 .. .. 
25th November .. .. .. .. .. 1392·70 2886·0 
2nd December ," ... .. 1412·0 .1861),07 .. .. 
9th 'December .. .. .. .. .. 1511·60 3585·3 

16th Deoember .. .. .. 1513·0 1637,99 .. .. 
23rd December .. .. .. .. .. 1789·75 3488·6 
30th December . ' .. .. 2718'0 2252:'59 .. .. 

7th January .. .. .. .. .. 1975·75 3547·5 
14th January .. .. . . 2190-0 1689·67 .. .. 
21st January .. .. . . .. .. '1787·24 3412·6 
28th;J anuary ... .. .. 2392·0 1479·67 .. .. 

3rd February .. .. .. .. .. 1708·99 3248" 
10th February .. .. . . 1553·0 ' 1613·25 .. .. 
17th February .. .. .. ." , .. 1691·70 2512" 
25th February, .. .. 1531·5 1639·33 .. .. 
4th March .. .. .. .. .. 1380·62 2204·8 

11th March .. .. .. 1994·0 .. .. .. 
18th March. .. .. , .. .. .. .. '0 

TAlILE No,. 57. 
Average number oj effective braiwhes in different years. 

, p'lan~ grown e:xJ1Psed, to, the ~'ITUJ,ge by the spotted boll-worm. 

'UI23:24: : 
1924·25 

:1925.26, , 
11926:27' 
: 1927·28 
1928·29 

jI929.jJ() , 
, 19aO~31 
;19~1;32 c: 
I .. ' 
: Av,eraga: :; 
•• ; "" .J 

.. 
." ... ' ~ 

.,; 

I No. of I' 1 P~!"'Y 1 Auxiliary I pIaI).1iB UI).-: : :Limbs. frwtmg branchee. 
der counts. branches. 

. '99 
50 

. '10 
, '10 

20 
20 
18 

, : 20 
20' 

'1·0 
8·24 
li·2 
5·7 
7·1 
7·55 

10·3 
7'0 
7~35 

11'5 
14·94 
6·0 

17·4 
8·05 
9·95 
9·8 

10·10 
4·3 

10'2 

7·8 
8·9 
2·1 
9·3 
0'05 
9·15 
8·4 
8·65 
2'0 

6·9 

. . .. .. 
277·32 
284'60 .. 
486·57 .. 
814·91 .. .. 

1368·49 .. 
2071·8 .. 
2447·0 .. 
2477·00 . . 
2888·45 

2811'2~ .. 
2530·75 .. 
3331·5 .. 
2686·9 .. .. 

Total. 

o 
8 

26·3 
32·08 
13·3 
32·4 
20·2 
26·65 
28'0 
26·15 
14·15 

I, 24" 
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TABLE No. 58. 

Differem kind8 0/ totaJ and, effective branches plant by plant. Plani8 grown, exposed 
. tQ the darrwge by the spotted boU-worm. 

1923-24. 

Total Branches. Effective Branches. 

Plant 
No. Main Auxiliary Main Auxiliary Limbs. Sympodial Total Limbs. Sympodial Total. .. 

Bl"IUlChes. Branches. 
Branches. Branches • 

1 9 11 8 28 6 11 7 24 

2 Ii 14 13 38 5 14 10 29 

3 9 19 16 44 6 19 15 40 

4 Ii 10 9 30 7 10 9 26 

5 11 1 1 13 7 1 1 9 

6 9 16 13 38 7 16 13 36 

7 10 12 10 32 6 12 10 28 

8 11 " .. 11 9 .. . . 9 

9 9 " .. 9 6 .. .. 6 
.. ., 

10 7 11 8 26 7 11 8 26 

11 7 17 8 32 6 17 6 29 

10 
.. 

12 18 14 42 7 18 12 37 

13 7 16 10 33 6 16 10 32 

14 8 26 10 44 7 26 9 42 

15 9' 6 5 20 7 6 5 18 

16 8 14 11 33 6 14 9 29 

17 \} 13 12 34 5 13 11 29 

18 9 9 9 27 
.. 

5 9 9 23 

19 8 14 11 33 8 14 9 31 

20 7 11 10 28 5 11 10 26 

21 Ii 9 8 28 6 9 6 21 

22 10 15 .'s. 33 6 15 9 30 

'23 10 12 11 33 5 12 9 26 

24 8 11 10 29 8 11 10 29 

- .. _- .. 
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TABU No. 58---<.ontd. 
Dil/erent kinds of total amI rl/ective brancAu Flam by pla",. Plant. 9"'*'" ezput4 

to the damage by the 8potted boU-tDorm. 
1923·24. 

Total Branches. I EffeoUft Branchea. 

Plant 
No. Main Auxiliary Main A U· I Limbs. Sympodial Total. Limbs. Sympodial us lal'1 Total. 

Branchea. Branches. Branc-. Branchea. 
I 

25 7 18 1 26 6 18 1 26 

26 9 9 6 24 5 9 8 20 

27 9 17 15 41 It 17 15 " 28 10 13 13 36 8 13 13 32 

29 9 16 15 40 B 16 13 37 

30 10 12 9 31 10 12 8 30 

31 11 14 13 38 B 14 7 29 

32 12 9 8 29 9 9 8 28 

33 B .. .. B 5 .. .. I 

34 7 .. .. 7 8 .. .. • 
35 10 14 13 37 8 14 11 31 

36 5 .. .. 5 , .. .. , 
37 11 B 6 25 10 8 6 24 

38 10 15 8 33 B 15 8 29 . 
39 9 5 9 14 8 5 .. 11 

40 10 18 14 42 B 18 12 38 

41 10 16 10 36 7 18 9 32 

42 6 . ' .. 6 5 .. .. 5 

43 II 16 12 39 , 18 t 29 , 

44 II 15 14 40 7 15 12 31 

45 8 14 12 34 5 14 12 31 

46 10 9 7 26 9 9 5 23 

47 II 3 2 16 7 3 2 12 

48 II 9 B 28 10 It 7 28 

49 12 I 14 14 40 9 14 12 53 
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TABLE No. 58-contd, 
Different kinds 0/ totaZ and effective lwanchtB plant by plant. Plants grown upoBecl 

to the damage by the Bpotted, boll-worm. 
1923-24. 

Total Branches. Effective Branches. 

Plant 
No. Main Auxiliary Main Auxiliary Limbs. Sympodial Total. Limbs. SympodiBI Total. 

Branches. Branches. 
Branohes. Branches. 

60 9 11 10 30 8 11 10 29 

61 9 10 9 28 6 10 8 23 

62 8 16 13 36 Ii lIi 8 28 

63 9 11 8 28 6 11 6 23 

64 10 13 11 34 6 13 10 29 

65 11 10 9 30 8 10 6 24 

56 9 ~ 9 27 9 9 6 24 

67 9 9 7 25 6 9 6 24 

68 10 1 1 12 8 1 1 24 

69 8 16 13 37 6 16 12 34 

60 11 6 6 23 8 6 5 19 

61 11 11 10 32 8 11 10 29 

62 11 2 2 15 8 2 2 12 

63 11 8 6 25 9 8 4 21 

64 12 18 3 33 7 18 1 26 

65 12 9 6 27 6 t 6 21 

66 10 15 13 

I 
3.8 10 15 12 37 

67 9 6 6 21 8 6 5 19 

68 10 23 15 48 8 23 15 46 

69 11 2 2 15 7 2 2 11 

70 10 15 12 37 10 15 11 36 

71 10 27 15 52 ., 27 15 49 

72 12 7 8 27 7 1_ I 22 

73 12 9 7 28 10 I It ., 26 
- - _ •• + -- ~-' 

---74,- - 11 - 3 4 
,---

18 9 3 4 16 c 

- . ~ -. --- - - . - --



#fABLl!:No: 5s.--.concld. 
:DiJ!trfllt ki'T.~8 (I totaZ.Q'T.tl eJ:ectit:e lra1.f1.c8 plallt by piallt. Plate Is 91'(;11;11 eX:p08ed 

to the damage by the spotted boU-worm. 
1923-24 • 

,- - " ~ -.. . . _-"-
Plant Total Branches. EiJective Branchee. . - . 

,_No, I Main I A xiI' I Limbs·IS:~ll ::::;.\ LimbS. Sympodial B~anche:. Total. Total. 
'. . Branches. Branches . .. 

75 8 15 11 34 6 16 11 31 
_ '16 11 11 III 34 7 11 12 30 
: ".17 12 19 : i7 48 iI 19 13 . 43 

"'18 '9 '1 Ii 21 [1 '1 I) 19 

79 10 20 18 48 9 20' 15 " 80 10 '1 '4 21 8 7 2 16 

81 10 19 14 43 
, , 

6 19 12 31 

82 .9 19 14 42 7 19 13 39 . 
, 83 10 13 ·8 31 ,9 10 '8 21 

., 
84 :7 11 16 40 is 17 16 38 I 

, '115 :7 l4i 14 35 '7 14 11 32 

,87 ,.8 8 7 23 6 8 IS 20 

'S8 I 

''1 17 10 34 6 17 9 32 , 

" :89 
, 

:A1 13 11 30 G 13 '8 ' 24 

'90 10 14 "8 32 8 14 7 27 
, '91 11 6 ·5 

! 
22 8 8 '6 19 

Jl2 , 8 21 12 ·41 6 21 11 38 
: 

',:93 i .6 8 '7 '21 3 8' '7 18 

,'94 10 7 ,6 22 , 8 ., 
" 19 

. 95 13 i- ·3 ·21 7 6 3 1& 
, 

,96 13 a ·8 29 .9 8 " 21 

,.97 11 20, 12 '·43 10 20 10 40 
,':98 I ,-9 lli~ 13 37 6 16 12 32 
[119 ' 10 18 15 43 " 18 15 -37 

aoo "9 9 6 24 '1 .9 -8 22 

AWi'B 
- ge 

9:6 11·6 8-8 29'9 7·0 11·5 7·8 26·3 



. TABLln No: 59; 

. Different ~ kinds cif branching' plant by plant. Plants grown exposeiL to'· the' dti,TnmJeby 
. the spotted boll-worm. 

1924-25. 

Total Bra.nches. 

\ 
Main\AT I Limbs. SympodiaJ B~~C;':'::' 

Branches. 
Total. 

-.' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

12 

13 

8 

12 

12 
12 

11 
i7 

7 

i3 
() 

6 

11 
17 

13 

10 
17 

10 

"19 5 

i2 20 

31 

32 

6 

9 

33 i2 
34 is 

19 

15 

14 

18 

9 

24 

15 

7 

13 

19 

22 

15 

'21 

13 

18 

23 

11 

2 

11 

3 

16 

20 

2 

14 

--13 _ .. 

15 

12 

10 

12 

6 

18 

8 

8 

9 

11 

22 

11 

17 

13 

15 

12 

10 

2 

8 

15 

19 
. -
1 

.. 
9 

,12 -

46 

40 

32 

42 

27 

54 

34 

32 

29 

43 

49 

32 

49 

43 

46 

45 

38 

14 

24 

15 

37 

48 

15 

. ~9 

-35 

Effective Branches. 

I Main IA T I .. 
Limbs. Sympodial B UXl ::~ Total. 

Branches. ran" e. , 

8 

11 

7 

8 

7 

9 

7 

12 

5 

7 

~ 

6 

7 

10 

11 

9 

III 

_8 

5 

)1 

. ~ 
7 

10 

~O 

'8 

19 

15 

14 

18, 

9 

24 

15. 

.7 

13 

19 

22 

15 

,2, 

3. 

16 . 

20 

~:; .~ 
• 1 

9 

9 

8 

10 

5 

12 

.5 

,5 

7 

9 

11 

·11 
\I 

11 

12 

,9 

,7 

,1 

,8 

_.1 

10 
.- .. -

36 

35 

29 

,36 

21 

45 

_.27 

24 

25 

.35 

37 

:,29 

,,37 

34 

41 

.41 

:. ;31 

11 

,14 

- ·33 . , 
13 

,:;32 

~L 



'rABLB No. 59-<~.) 
. DiJlerent kina, oJ branching plant by plant. Plant8 grow" up08ed to 1M damage by 

the spotted boll-tuorm. 
1924-25. 

Total Branchl'8. I E ..... nB ... ,'-Plant I Main I Aux·liary I Total. Limb"./ s~:!:diall Auxiliary I No. 
Limbs. Sympodial Bra~ches. Total. _ Branches. Branchee. Branchee. 

36 9 22 21 I 52 8 22 16 48 
37 8 17 15 40 6 17 12 35 
38 10 26 24 60 8 26 22 66 
39 9 4 6 18 9 4 4 17 
40 11 12 10 33 8 12 7 27 
41 10 8 5 23 8 8 4 20 
42 10 28 18 56 8 28 17 1i3 
43 io 17 11 38 

, 
9 17 8 34 

44 11 18 16 45 11 18 10 39 
45 9 15 11 35 7 15 8 30 
46 7 27 21 55 6 27 14 47 
47 8 14 11 33 7 14 10 31 
48 12 20 17' 49 10 20 18 48 
49 12 18 11 41 10 18 8 34 
50 12 15- 14 41 9 15 13 37 

- 51 12 21 17 50 9 21 15 46 

52 9 8 2 19 7 8 1 18 
53 7 22 18 47 8 22 14 ~ 

54 13 12 7 32 11 12 7 30 
liS D 3 .. 12 7 3 .. 10 
66 2 18 18 34 1 18 14 31 
57 D 21 18 48 8 21 14 43 
58 20 , .. 24 14 , .. 18 

-59 12 , .. 18 11 , .. 15 
60 12 18 14 " 10 18 12 40 

Average- 10-58 14·94 11·54 37·08 8·24 14·94 8·90 32·08 



TABLE No. 60; 
·Periodicli.l average lea//ormatiM in plants exposed In the damage by the spotted 

boll-worm. 

1923-24. 1924--25. 1925-26. 1926-27. 

Number of 
plante 99 60 10 10 

under counts. 

Period ending. I Leaves. Period ending. I Leaves. Period ending. I Leaves. Period ending. I Leaves. 

.. II .. .. ~ndAugust .. 13:9 . .. .. 

.. Il .. . . 29th August. .. 11:3 ... .. 

.. .. 7th September •• 29'0 5th· September .. 23'6 ... .. 

.. .. 14th September 18'9 12th September 28'7 .. .. 
23rd September'. 17-9 21st September. _ 51-2 19th September_ 41,3 .. .. 
SOth Septembcr. 14-6 28th September. 41-0 26th Scptember 61-0 .. .. 
7th 'October .. 22-2 6th October ., 65-3 3rd October .. 82'8 1st October .. 31-1 

14th October .. 26-{; 12th·October .. 34-6 10th October .. 77-7 8th October .. :33-2 

21st October .. 37-' 19th October .. 62-6 17th October .. 111'9 15th October " 30'3 

28th October " 01-9 26th October .. 90'0 ~4thOctober " 
115-1 22nd October " 47-' 

4th November"; .' '54-3 2nd November. 66-2 3lat October " 88-1 29th October " 43'0 

.. " 9th November " 8S-8 7th November _. 92-' 6th November •• 49-1 

18th N oveniber 103-6 16th November 46'9 14th November. 81-1. 13th November. 60-8 

.. .- 23rd November. 36-2 21st November •• 61-2 20th November. 64-0 

2nd December •• 90-6 .. .. 28th November. S1-7 27th N Qvember. .4S-0 .. .. 7th December •• 33-5 . -Sth December. 15-.2 4th December ". 1!8-5 

16th December.; 83-3 .. .. . 12th December •• 6-9 9th December •. 34-6 

.. " 21st December " 38-9 19th December •• 1-3. .. .; 

30th December •• 38-7 .. .. 26th December •• " 23rd December •• 60-5 

.. " 4thlanuary .. 16-9 .. .. .. " . 

.. .. .. .. .. .. 6thlllnUary .. 56-5 

.. .. 18th 1 anUIIdY .. 3-8 .. .. " .. 
20th lanuary .. 111-9 .. .. .- .. 20th 1 anuary .. 21-8 

.. '':0. Is' February •• 14-8 .. .. . " . . 
. Brd February .. -e-7 .. .. .. .. 8rd l!'~bruar:v .. 12-9 

.. .. .. .. ... .. .. .. 
17th'February 2-0 .. " " " 

17th February ", 8'9 
" 

.. 
" -.-.-.. -.-

Total 567'6 Total .. 1784.6 Total " 945'2 Total " 641-5 .. 



TABLE No. 60-(contd.) 
Periodical average lea! formation. in plants exp08ed to the damage by &he spotted 

ball-worm. 

1927-28; 1928-29. 1921}-BO. 1980-81. 1031-811. 

Number of 
plants 10 20 18 20 20 under count •• 

Period ending I_Leaves. Period ending I Leaves. Period endlngl Leaves. Period 8Dd1ngILeaves Period endInglLeaves 

.. .. .. .. " .. " " .. " .. .. .. .. . . .. .. .. .. " .. .. 6th Sept. •• U-~O Srd Sept ••• 13-7 2nd Sept • .. 12-60 .. .. 
12th Sep,t ••• 37'30 13th Sept. 17'10 10th Sept, •• 12-6 11th Sept ••• IHI5 .. .. 
19th Se)!t. ,. 27'60 .. .. 17th Sept ••• 26-1 .. .. UthSept ... IS-50 

.. .. 27th Sept ••• li9-16 24th Sept, •• 31-0 23rd Sept. ,. 86-15 .. .. 
4th Oct, .. 7S'06 4th Oct, .. liO-70 1st oct. .. 44-S 30th Sept. ., 28-76 28th Sept. •• 2'-15 

10th Oct. .. 79"76 11th Oct_ .. 60-'0 8th Oct. .. 56-5 7th Oct. •• U-20 .. .. 
17th Oct, .. 65'00 lSth Oct. .. 63'65 15th Oct. .. 59-1 UthOct, .. "-60 .. .. 
24th Oct_ .. 69'00 25th Oct, .. 91'60 22nd oct, .. 53-S 21st Oct, ,,56-65 20th Oct, .. 9020 
31st Oct, .. 74'50 1st Nov. .. 91-10 29th Oct, .. 47-9 28th Oct, .. 78-SO 26th Oct. .. 31-" 

'1t1l Nov. -.. 151'15 SthNov. .. 64-60 5th Nov, .. 45-4 4th Jiov, .. 46-85 IndNov, " 48-8& 

.. .. 15th Nov, .. 49'60 12th Nov, .. 71-8 11th Nov. .. li2-05 IIth.ov, .. 6215 

21st Nov, .. 136'36 22ndNov •• , 60-95 19th Nov. .. 76-1 18th Jiov, .. li6-115 16th Nov, .. 81-65 

.. .. 29th Nov. .. 89-00 26th Nov, .. 51-6 25tll Jiov, .,63-05 23rdNov, ..4700 

lith Dec. .. 72'45 6th Dec. .. 23-80 SrdDec. .. 82-' 2ndDeo • .. 39-50 30th Nov, .. 41-60 

.. .. 13th Dec, .. II1-S5 10th Dec, .. 19-8 11th Dec. .. 34-65 7th Dec • .. 36-00 

19th Dec. .. SO'45 20th Dec. .. 11'40 17th Dec. .. 8'a. 16th Dec. .. 23-85 14th Dec, .. 32-" .. .. 27th Dec. .. S'90 24th Dec. .. 12-8 23rd Dec • .. 12-95 21&t Dec. ..31'05 

2nd Jan. .. 85'85 8rd Jan. .. 7'20 31st Dec. .. "5 3OthDeo. .. ,-SO 28th Dec. .. 25'45 

.. .. 10th lan, .. 8-00 7th lan. .. 1'0 6th lan, .. 1'10 4th Ian. .. 12-00 

16th Jan. .. 23'SO 17th lan, .. 8-70 14th lan. .. 0--1 13th Ian. .. 0'86 11th lan. .. 8-lIO 

.. .. 24th Jan. .. 8-50 2lat Ian. .. .. .. .. 18thlan. .. 2-7$ 

80th .lan. .. 7'SO 3lat Jan. .. 0'20 28th Jan. .. .. .. .. 25th lan. .. 0'25 

.. .. - 7thli'eb. .. 0-10 4thl!'eb. .. .. .. .. " 
.. 

13th Feb. .. 0'65 - .. .. 11th l!'eb. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. 

-
Total .. 039'50 Total .. 1734 '10 Total .. 668-8 Total .. 621-60 Total .. 575'20 
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TABLE No. 61. 

Periodical average vegetative bud formation in plants exposed to the iJarrw,ge by the 
spotted boll-worm. 

1923-24. 1924-25. 1925-26. 1926-27. 

Number of 
plants 

nnder counts. 
99 60 10 10 

Period ending. I Veg. Period cndlng. 

J 

Veg. Period ending. I Veg Period ending 

I 
Veg. 

buds. buds. buds. buds. 

.. .. .. .. 22nd Aug. . . 13'6 .. . . .. .. .. .. 29th Aug. .. 9'2 .. .. 
oo .. 7th Sept. .. 27'1 5th Sept. .. 18'9 .. .. 
.. .. 14th Sept. .. 15'2 12th Sept. .. 23'0 . . .. 

23rd Sept. .. 17'7 21st Sept. .. 38'S 19th Sept. .. 35'4 .. .. 
30th Sept. .. 12'4 28th Sept. .. 26'7 26th Sept. .. 50'5 .. .. 
7th Oct. .. 17'3 5th Oct. .. 41-S Srd Oct. .. 66,2 1st Oct. .. 26'8 

14th Oct. .. 17,1 12th Oct. .. 17'8 10th Oct. .. 58,5 8th Oct. .. 22'7 

21st Oct. .. 23'S 19th Oct. oo 35'3 17th Oct. .. 80'1 15th Oct. .. 17'9 

28th Oct. .. 30'9 26th Oct. .. 40'7 24th Oct. .. 83'3 22ndOct. .. 26'0 

4th Nov. .. 28'7 2nd Nov. ," 28'2 31st Oct. .. 55,1 29th Oct. .. 22'5 

.. .. 9th Nay. .. 85'9 7th Nov. .. 52'9 6th Nov. .. 26'3 

18th Nay. .. 62" 16th Nov. .. 18'6 14th Nov. .. 40" 13th Nov. .. 27'2 

.. .. 23rd Nov. .. 14'2 2Iet Nov. .. 30'3 20th Nov. .. 25'7 

2nd Dec. .. 32'0 . , .. 28th Nov. .. 17,3 27th Nov. .. 20'3 

.. .. 7thDeo. .. 13'8 5th Dec. .. 7,9 4th Dec. .. 27'2 

16th Dec. .. 40'S oo .. 12th Dec. .. 8'4 9th Dec. .. 13-9 

.. .. 21st Dec. .. 15-2 19th Dec. .. 0-8 oo .. 
80th Dec. .. 8'0 .. .. .. .. 23rd Dec. .. 27'1 .. oo 4th Jan. .. S'O .. .. .. .. 

.. .. . . oo .. .. 6th Jan. .. 23-3 

20th Jan. .. 12'2 18th Jan. .. 2'4 .. .. .. .. 
.. oo .. oo oo .. 20th Jan. .. 9-8 

8rdFeb. .. oo btFeb. .. 11'8 .. .. .. .. 
.. .. .. .. .. oo Sr;! Feb. .. 8'2 

17th Feb. oo oo oo· oo oo oo ., .. 
oo .. .. oo oo .. 17th Feb. .. 3-0 

---
Total .. 292'3 Total .. 390'7 Total .. 646'8 Total .. 328'8 



TABLE No.61-(contd.) 

Periodical average vegetative fyud Jamiation in planl8 exp08ed eo tke damage by tk« 
8potted boll-worm. 

1927-28. 192&-29. 192s.-S0. 

Number of 
plants 

under counts. 
20 20 18 

.. .. .. .. .. 

.. .. .. .. .. 
--.. .. 6th Sept ••• - 28'45 8rd Sept ••• 

12th Sept ••• 83-30 13th Sept ••• - 12-65 10th Sept ••• 

19tH Sept ••• 19-75 .. .. 17th Sept ... 

.. .. 27th Sept •.. 37-S5 24th Sept ..• 

4th Oct. .. 67-05 4th Oct. .. 30'95 lit Oct. .. 
10th Oct. .. 63'65 11th Oct. .. 31-10 Sth Oct. .. 
17th Oct. .. 62'45 18tb Oct. .. 34-95 16th Oct. .. 
24th Oct. .. 50-85 25th Oct. .. 52-50 22nd Oct. .. 
31st Oct. .. 49'35 1st Nov. .. 54'80 29th oct. .. 

7th Nov. .. 90'85 Sth Nov. .. 34'SO 6th·Nov. .. 
.. .. 15th Nov. .. 24'16 12th Nov. .. 

21st Nov. .. SO'70 22ndNov ... - 23-10 19tb Nov. .. 
.. .. 29th Nov. .. 18-75 26th Nov. .; 

5th Dec. .. 34-15 6th Dec. .. 11·80 3rd Dec. .. 
.. .. 13th Dec. .. 11-05 10th Dec. .. 

19th Dec. .. 45'50 20th Dec. .. 7·30 17th Dec. .. 
.. .. 27th Dec. .. 8'.5 24th Dec. .. 

2nd Ian. .. '23'35 3rd Ian. .. 6'S5 31st Dec. .. 
.. .. 10th Ian. .. 2'75 7th Ian. .. 

16th Ian. .. '18'90 17th Ian. .. 3'20 14thlan. .. . .. .. 24th Ian. .. 3'45 .. 
30th Ian. .. . '6'80 3tatlan. .. 0'20 .. 

.. .. 7thPeb. .. 0'19 .. 
13thFe~ .... "0-50 .. .. . - .. .. 

... .. .. . . .. .. .., 

193G-81. 

20 

.. .. . . 

. . " . ,-
1S-6 2nd Sept. 12-60 

11-' 9th Sept ••• 5-85 

21-6 .. .. 
23-8 23rd Sept ••. 27'25 

84'2 30tb Sept .•• 110-50 

37'6 7th Oct. .. 28'85 

80'1/ 14th Oct. .. 28'46 

28,·1 21st oct. .. 29-55 

19'3 28th Oct. .. 88'85 

20-1 4th Nov. .. 26-85 

33-4 11tbNov. .. 26·40 

37·6 18th Nov. .. 26'05 

22·8 25th Nov. .. 22·15 

13-1 2nd Dee. .. 14-95 

S'l 9th Dec. .. 12·90 

S'4 18th Dec. .. 8·25 

9-8 23rdDec. .. 6-80 

a·8 BOtbDec. .. 2'00 

0'8 8th lan. .. 0:80 

0·1 13th lan. .. ·0,85 

.. .. .. .. 

., ' .. .. 

.. .- .. .. 

.. .. .. 

.. .. .. .. 

1981-81-

110 

I .. 
.. --
.. 
.. 

14tb Sept ••• 

.. 
28th Sept ••• 

.. 

.. 
20th Oct. .. 
28th Oct. .. 
2nd Nov. " 

9th Nov. .. 
16th Nov. .. 
2Srd Nov. .. 
30th Nov. .. 
7th Dec. .. 

14th Dec. .. 
21st Dee. .. 
28th Dee. .. 
4th lan •. .. 

11th lan. .. 
lSthlan .... 

25th lan. .. 
. . 
.. 
.. 

.-. .. 

.. 

. . 

.. 

.. 
18-8 6 

.. 
28-

.. 

.. 
89' 

18· 

86 

86 

5 211-11 

48'1 6 

40 

00 

89' 

25' 

23-

18-

17' 

16-

la-,. 

80 

50 

80 

80 

90 

85 

'-7 6 

80 

20 

2-

0-

.. 

... 

.. 
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TABLE No. 62. 

Periodical q,verage flower-bud formation in plants exposed to the damage 
bY the 8potted boll-worm. ' 

1923-24. 1924-25. I 1921>-26. I 19*87. 

Number of plants 99 50 
I 

10 I 10 under counts. 

Period ending Inower I buds. Period ending Inower I buds. Period ending. Inower I buds. Period ending Inower buds. 

.. .. .. .. 
" 

22DdAug. .. 0,3 .. .. - .. .. 29th Aug. .. 2.1 .. .. .. 
- ,. 7th. Sept. .. 2.4 5th. Sept • .. 4.7 .. .. 
.. .. 14th Sept. .. S.7 12th Sept • .. 5.7 .. .. 

23rd Sept. .. 0.2 21st ,Sept. .. 12.7 19th. Sept. .. 5.9 .. .. 
~Sept. .. 2.2 23th Sept. .. 14.8 26th. Scpt. .. 10.5 .. . . 
7th. Oct. .. 4.9 5th. Oct. .. 24;0 3rd Oct. .. 16.6 1st Oct. .. 4.4 

14th. Oct. .. 9.4 12th Oct. .. 16.8 10th. Oct. .. 19.2 8th. Oct. .. 10.4 

21st Oct. .. 14.1 19th. Oct. .. 27.3 17th. Oct. .. 31.8 15th. Oct. .. 12.4 

28th. Oct. .. 21.0 26th. oct. .. 49.3 24th. oct. .. 31.8 22ud Oct. .. 20.5 

4th. Nov. .. 25.6 2nd Nov. .. 38.0 31st oct. .. 33.0 29th. Oct. .. 21.4 

.. .. 9th. Nov~ .. 47.9 7th Nov. .. 39.5 6th Nov. .. 22.8 

18th. Nov; .. 51.2 16th Nov. .. 28.3 14th. Nov. .. 40.7 13th Nov • .. 23.6 

.. .. 23rd Nov. .. 22.0 21st Nov. .. 30.9' 20th Nov. .. 28.3 

2ud Dec~ .. 58.6 .. .. 28th. Nov. .. 14.4 27th Nov. .. 22.7 

.. .. 7th Dec. .. 19.7 5th Dec. .. 7.3 4th Dec • .. '41.,S 

10th. Dec. .. 43.0 .. .. 12th Dec. .. 3.5 9th. Dec. .. 20.7 

.. .. 21st Dec. .. 23;7 19th Dec. .. 0.5 .. .. 
30th. Dec. .. 30.7 .. .. .. .. 23rd Dec. ._.a 33.4 

.. .. 4th. Jan. .. 8.9 .. .. .. .. 

.. .. .. .. .. .. 6th Jan • .. 33.2 

20th Jan. .. 9.7 18th Jan. .. 1.4 .. .. .. .. 
.. .. .. .. .. 2Othlan. . ... 12.0 .. " 

Srd F,cb. .. 2.7 1st Fcb. 3.0 . . .. .. .. 
.. .. .. .. .. .. 3rd,Feb. ., 4.7 

17th. Fcb. .. 2.0 .. .. .. .. .. ", 

.. .. .. .. .. .. 17thFeb • 0.11 
" 

Total .. \275.3 I Total .. I 343.9 I Total Total ··IS12.7 



TABU No. 62-(contd.) 

Periodical tltJe1'Qge Jlotcer-b'lld formation in :plant' U:po8ed to fA. damags by tAe 8:pOtted 
boll-worm. 

1927-28. 192&-29. 192&-80. 111»-81. 11131 .... 11 • 

.. .. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. " .. .. .. 6th Sept ... 1.25 8rd Sept ••• 0.1 .. .. .. .. 
l~Sept ... 4.00 13th Sept ••• 4.46 10th Sept ••• 1.1 11th Sept. " 0.80 .. .. 
Il1th Sept ... 7.76 .. .. 17th Sept ... 4.S .. .. 14th Sept ••• '0.15 .. .. 27th Sept ••• 21.80 24th Sept ••• 7.11 23rd Sept. " 8.80 .. .. 
4th oct. .. 21.00 4th Oct. .. 19.75 tat Oct. .. 10.8 30th Sept ••• S.26 28th Sept ••• I." 10th Oct. .. 16.20 11th Oct. .. 19.30 Sth Oct • .. 18.9 7th Oct. .. 15.55 .. .. 

17th oct. .. 13.45 18th Oct. .. 28.70 15th Oct. .. 28.2 14th Oct. .. 21.1& . . .. 
24th Oct. .. 18.35 25th Oct. .. 39.00 22nd Oct. .. 27.2 21st Oct. .. :!AI.I0 20th Oct • .. 20.5$ 
31st oct. .. 25.15 1st Nov. .. 38.50 211tb Oct. .. 211.6 28th Oct. ..36.65 28th Oct. .. 12.110 
7tb Nov. .. 60.30 StbNov. .. 29.80 5th Nov. .. 25.S 4tb Nov. " 20.00 2nd Nov ••. IS. 80 

.. .. 15th Nov. .. 25.45 12th Nov. .. 38.' lltb Nov ••• 26.65 IItb Nov. .. 111.110 
21st Nov. .. 55.85 22ndNov ... 27.85 Il1tb Nov. .. 38.5 18tb Nov • .. 30.80 18tb Nov. .. 22.26 .. .. 2l1tbNov. .. 20.25 28tb Nov. .. 28.8 25tb Nov. .. 30.80 23rd Nov. .. 22.110 

5th Dec. .. 88 • .ao 8tbDec. .. 12.00 Brd Dee • .. 111.S 2nd Dec. .. 24.&5 30tb lfov •• , 17.80 .. .. 13tb Dec. .. 8.80 lotb Dee. .. 11.7 11th Dee. .. 21.115 7th Dee. .. 17.00 
II1th Dec. .. 84.95 2otbDec. .. '.10 17tb Dee. .. '.11 16tb Dee. .. 14.10 14th Dee • .. U.85 

.. .. 27th Dec. .. 2.46 24th Dec. .. 8.2 23rd Dee. .. 7.65 21HDee. .. 15.711 
2nd Ian. .. 12.60 Brd laD. oo 1.85 31atDee. .. 1.2 80th Dee. .. 2.80 28th Dee. . . 11.55 

oo oo lotb Ian. oo 0.75 7th Ian. .. 0.2 Othlan. oo 0.110 .thlan. .. Ii.U 

16th Ian. .. '.40 17th Ian. oo 0.60 '0 .. .. .. 11th Ian. .. 8. 
"0 .. 24th Ian. .. 0.05 .. .. .. .. 18th Ian. oo O. 

80th Ian. oo 0.50 .. .. .. 00 .. .. 25th Ian. oo O. .. .. .. .. .. .. .. .. .. .. 
latbFeb. .. 0.15 .. .. .. .. ' .. .. .. .. .. .. .. .. .. .. .. .. .. -

Total .. 1812.651 Total .. J 803.10 I Total .. 1297.5 I Total .. 1211S• 101 Total .+IIII.§ 
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TABLE No. 62A. 

Specimen page reduced from the original large field, register, 8howing tk method, oj 
8ketching the plam'8caffolding and noting the history of buds. 

Date of bud-. Number Number Number 

Bud of weeks Date of of days Date of boll. of days 

Number. 

I 
fora bud flowering. for shedding. for a 

boll to 
Inception. Shedding. to shed. flowering shed. 

-
1 lOth Sept. .. 24th Sept. .. 2 .. .. .. .. 
2 17th Sept. .. 2nd Oot. .. 2 .. .. .. .. 
3 Do • .. 17th Sept. .. .. .. .. .. " 

• • • • • • 
7 24th Sept. .. 9th Oot • .. 2 .. .. .. .. 
8 Do. .. 2nd Oot. .. 1 .. .. .. .. 
9 Do. 9th Oot. 2 .. .. .. 
• • • • • • 

17 2nd Oot. .. 16th Oct. .. 2 .. .. .. .. 
18 Do. .. 9th Oct. .. 1 .. .. .. .. 
19 Do. .. .. .. 4tllNov. . . 33 6th Nov. .. 2 
20 Do. .. 16th Oot. .. 2 .. .. .. .. 

• • • • • * 
36 9th Oot. .. 30th Oot. .. 3 . . .. .. . . 
37 Do. .. .. .. 8th Nov. .. 30 12th Nov. .. 4 
38 Do. .. 30th Oct. .. 3 .. .. .. .. 
39 Do. .. .. .. 8th Nov. . . 30 11th Nov. .. 4 
40 Do. .. 16th Oct. .. 1 .. .. .. .. 

• • • • * • 
58 16th Oot. .. 12th Nov. .. 4 .. .. .. .. 
59 Do. .. Do. .. 4 .. . . .. .. 
60 Do. ... 30th Oct. .. 2 .. .. . . .. 
61 Do. .. .. .. 14th Nov. .. 29 19th Nov. .. 5 
62 Do. .. .. .. 15th Nov. .. 30 20th Nov. 5 

63 Do. .. 30th Oot. .. 2 " . .. .. .. 
64 Do. .. 23rd Oot. .. 1 .. .. .. .. 
65 Do. .. 30th Oot. .. 2 .. .. .. .. 
66 Do. .. Do. .. 2 .. .. .. .. 
67 Do. .. 23rd Oot. .. 1 .. .. .. .. 
68 16th Oot. .. 30th Oct. · . 2 .. .. .. .. 
69 Do. .. .. . . 12th Nov. .. 27 19th Nov. .. 7 

• • • • • • 
91 23rd Oct. .. 12th Nov. .. 3 .. .. .. .. 
92 Do. .. Do. .. 3 .. .. .. .. 
93 Do. .. .. I .. 22ndNov ••• 30 .. .. 



TABLB No. 62A~contd.) 

Specimen page reduced from the original large jiild. -regwUr . 8howing 1M method 0/ 
8ketching the plant-8caffolding and noting 1M AiBtor,l of bvd8. 

Date of bud. Number Number Number 
Bud of weeks Date of of days Date of boU· of days 

for. Number. 

I 
fora bud flowering. for ahedding. boU,,-_Inception. Shedding. to shed. flowering abed. 

, -94 23rd'Oot. .. 30th Oct. .. 1 .. .. . . . . 
,95 Do. .. 19th Nov. .. 4 .. .. . . .. 

96 Do. .. 30th Oct. .. 1 .. .. .. 
, 97 Do. .. .. .. 23rd Nov. .. 31_ .. .. 

98 Do. .. 12th Nov. .. 3 .. .. . . .. 
99 Do.· Do. 3 .. .. •• .. 

• • • • • 
129 30th Oot. .. 12th Nov. .. 2 .. .. .. .. 
130 Do. .. Do. .. 2 .. .. .. .. 
131 Do. .. Do. .. 2 .. .. .. .. 
132 Do. .. 19th Nov. .. 3 .. .. .. 
133 Do. .. 12th Nov. 2 .. .. . . .. , 
134 Do. .. Do. .. 2 .. .. .. .. 
135 Do. .. Do. .. 2 .. .. .. .. 
136 Do. .. Do. .. 2 .. .. .. .. 
137 Do. .. Do. .. 2 .. .. .. .. 

• • • • • • 
160 5th Nov. .. .. .. 15th Dec. .. 40 19th Deo. .. 4, 
161 Do. .. 19th Nov. .. 2 .. .. .. .. 
162 Do. .. 12th Nov. .. 1 .. .. .. . -.. 

• • • • • • 
177 12th Nov. .. 26th Nov. .. 2 .. .. .. .. 

-178 Do. .. 19th Nov. .. 1 .. .. .. 
179 Do. .. 26th Nov. .. 2 .. .. .. .. 

'180 Do. .. Do. .. 2 .. .. .. .. 
181 Do. · . " .. 15th Dec. .. 33 10th Jan. .. 28 
182 Do. 26th Nov. 2 . . .. .. 

• • • • • • 
'210 19th Nov. .. 26th Nov. .. 1 .. . . •• .. 
-211 Do. .. .. 25th Dec. .. 37 7th Jan. . . 13 

• • • • • • 
239 26th Nov. .. 26th Nov. .. .. .. .. .. 

-240 Do. .. .. . . 3rdJan. .. 38 13th Jan. .. 10 
-241 Do. .. .. 3rdJan. .. 38 13th Jan. . . 10 

• • • • • • 
263 3rdDeo. .. 3rdDec. .. .. .. .. .. . . 
264. . po. 'lthJan • 5 .. .. .. . . .. • • • • • 

. 286' 10th Deo. 21st Jan • .. 6 .. .. .. . . 
. -

·293 17th Deo. 31atDec. ' •• 2 . . .. . . 
• • • • • • 



TABLE No. 63. 

Periodical OIVerage rate 01 flower opening in plants grown exposed' to the usual ikvnuJge 
by the spotted boll-worm, 

1924-25, 1925-26, 192&-27; 

00 10 10 

PerlocL Flowers, I Period, I Flowers,l Period. I Flowers,l Period, I Flowers 

.. .. ., .. ... .. .. .. 

.. .. .. .. 25th Oct. .. 0'5 .. .. 
40th Nov, .. .. 0'3 .. .. 1st Nov .. .. 0" 31st Oct, .. 0'3 

11th Nov. .. .. 0'8 9th Nov, .. 0'06: SthNov, .. 1'2 .7th Nov, .. 1'0 

18th Nov. .. .. 1'3 16tlINov-, .. 1'06 15th Nov, .. S'l 14th Nov, .. l'S 

25th Nov, .. .. 1'5 23rdNov-; .. 2'24. 22ndNov, .. 8-8- 21st Nov, .. 2'S 

20dDen, .. .. S'4 30th Nov; .. 11'18 29th Nov, .. 17'8 28th Nov, .. 2'4 

9th Dec, .. .. 0'2 7thDetr. ., 15'aS 6th Dec, .. 19'2 5th'Dec, .. 1'6 

16th Dec. .. .. 6'4 UtbDeC', .. 16'S2. 13th DeC', .. 16'7 12th Dee, .. 1'4 

2!rdDee, .. .. 8'0 21sb Dec. .. 19'0& 20th' Dec, .. 9'9 19thDee, .. 3'1 

30th Dec, .. ., 9'1 28tbDeo; .. 13'46 ~thDec-. .. 1f'5 26th Dee, .. 2'6 

6th-Jan, .. . , 9'5 4th Jan:. .. 6'10 3rd Jm. .. S'5 20dJIII1, .. S'5 

13th Jan. .. .. 8'2 11th Jan. .. 1'54 10th Jim, .. O'S 9th Jan, .. 4'4 

20th Jan. .. .. 0'6 18th Jan. .. 0'34- .. .. 16th Jan. .. 5'0' 

27th Jan. .. .. S'O 25th Jan. .. 0'02 .. .. 23rd Jan, .. 7'6, 

Srd Feb, .. .. 1'7 lstFeb. .. 0'02 .. .. aOthJan, .. 7'S, 

10th Feb. .. .. O·S: .. .. .. .. 6tb Feb, .. g'O 

.. ... .. . . .. .. 13th Feb. . . S'6 

.. .. ., .. .. . ~ 20th Feb, .. 6'1 

... .. .. .. .. .. 27tbFeb, .. l'S 

.. . ' .. .. .. , . 6th Mar, .. 0'4 

Total .. 64;'S' Total .. 87'SO Total .. 87'4 Total .' 69'6 

'5 
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TABLE No. 63-(conttl.) 

Periodical average rate 0/ flower opening in plants grown exp08ed to the usual daml ge 
by the 8potted boll-worm. 

1927-28. I 1028-20. I 1029-SO. I 1030-S1. I In1-SS. 

Number of plante 
under counts. 20 I 20 I IS 

I 
20 

I 
20 

Period. rFiowers·1 Period. J Flowers·1 Period. I FlOW_I Period. IF~:"I Period. IF:. 
. , .. .. .. 20th Oct. . . 0'1 19th Oct. .. 0'10 . . .. 
.. .. 28th Oct. .. 0'05 27th Oct. . . 0'1 26th Oct. .. 0'75 .. . . 
.. .. 4th Nov. .. . . 3rd Nov. . . 0" 2nd Nov ••• 1'05 .. . . 
.. .. 11th Nov. .. 0'90 10th Nov. .. 1'0 9th Nov • .. O'SO . . . . 
.. .. 18th Nov. .. 4'25 17th Nov. .. "S 16th Nov • .. 0'15 . . . . 

20th Nov. .. 0'05 25th Nov. .. 5'05 24th Nov. .. 6'2 23rd Nov. .. 0'20 22nd Nov ••• 0'15 

27th Nov. .. 0'35 2nd Dec. .. 7'S5 1st Dec. .. 5'" 30th Nov. .. 0'05 29th Nov. . . 0'85 

4th Dec. .. 1'50 9t1i Dec. .. 8'SO 8th Dec. .. 8'., 7th Dec. .. a'10 Oth Dec. . . 1'60 

11th Dec. .. "20 16th Dec. .. 12'60 15th Dec. .. 11'0 14th Dec. .. 7'35 13th Dec. . . S'SO 

18th Dec. .. "05 23rd Dec. .. 0'05 22ndDec. .. 10'6 21st Dec. •• 13'60 20th Dec. . . 5'7:> 

25th Dec. .. 0'20 30th Dec. .. 7'65 29th Dec. . . 0'0 28th Dec. ..10'70 27th Dec. •• 10'20 

1st Jan. .. 11'05 6th Jan. .. "'5 6thlan. .. 10'6 4thlan. •• 16'25 Brd lan. .. B'OO 

SthJan. .. 1S'45 13thlan. .. S'60 12th lan. . . 7'1 11th lan. •• 15'06 lOtb18ll. ..10'10 

16th Jan. .. 14'15 2othlan. .. 1'65 19th Jan. . . a'6 18th lan. . . 7'86 17th 1811. ..10'711 

22ndJan. .. 11'90 27th Jan. .. l'JIG 26th lan. .. O'S 25thlan. .. 1'05 24th lan. . . 7'711 

29th Jan. .. 7'65 SrdFeb. .. 0'46 2nd Feb. .. .. 1st Feb. .. 0'06 B1sUan. . . "05 
"'~ 

5th Feb. .. 2'15 lOtbFeb. .. O'SS 9th Feb. .. 0'1 .. .. 7th Feb. .. 1'50 

12th Feb. .. 0'05 17th Feb. .. O'SO .. . . .. .. 14th Feb. . . 0'.0 

19th Feb. .. 0'25 24th Feb. . , 0'05 .. .. .. .. . .. . . 
.. .. .. .. .. .. .. .. .. . . 
.. . . .. .. .. .. . . .. .. . . 

. -

Total .. 81'S Total .. 68'65 Total .. 77'7 Total .. 87'0 'Iota! .. 14'80 
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TABLE No. 64. 

Periodical average rate 0/ flower.bud shedding as it occurred in dilJerent years. 
Plants grown exposed to the damage by the 8potted boU.worm. 

1923-.-24. 1924-25. 1925-26. 1928-29. 
--

Number of plants 99 
under counts. - 50 10 20 

Period 

I 
Bud. Period 

I 
Bud. Period 

I 
Bud. Period 

I 
Bud. 

ending shed. ending shed· ending shed. ending shed. 
ding. ding. ding. ding. 

I I 
29th Aug. 0·2 .. .. .. .. .. .. . . .. .. . . .. 5th Sept. .. 0·9 .. . . 

.. .. - 14th Sept. .. 0·7 12th Sept. .. 3·2 13th Sept. .. 0·20 .. .. 21st Sept. .. 3·8 19th Sept. .. 4·4 . . . . 

.. .. 2Sth Sept. .. 7·9 26th Sept. .. 4·0 27th Sept. .. 9·95 
7th Oct. .. 0·3 5th Oct. .. 3·1 3rd Oct. .. 5·2 4th Oct. . . 9·35 

14th Oct. .. I·S 12th Oct. .. 15·3 lOth Oct. .. 10'6 11th Oct. .. 17·75 
21st Oct. .. 2'S 19th Oct. .. 14·7 17th Oct. . . 11'5 lSth Oct. ., 13·S0 

2Sth Oct. .. S·l 26th Oct. .. 23·4 24th Oct. .. 26·7 25th Oct. .. 13·05 
4th Nov. .. 13·4 2nd Nov. .. 21·6 31st Oct. .. 23·6 1st Nov. .. 22·70 

.. 9th Nov. .. 21'0 7th Nov. . . 14·4 SthNov. .. 21·70 
lSth Nov. 24·6 16th Nov. .. 16·7 14th Nov. .. 13·7 15th Nov. .. 20·65 

.. .. 23rd Nov. . . IS·4 21st'Nov. .. 19·1 22ndNov. 19'5O 
2nd Dec. .. 27·5 .. " 2SthNov. .. 13·5 29th Nov. .. 21·10 

.. 7th Dec. .. 17·4 5th Dec. .. 15·1 6th Dec. .. 16·75 
16th Dec. .. 26·4 .. . . 12th Dec. .. 19·3 13th Dec. .. lS·90 

.. . -. 21st Dec. .. 27·0 19th Dec. . . 12·2 20th Dec. .. 12·70 
30th Dec. .. 27·4 .. .. 26th Dec. . . 1·5 27th Dec. .. 5·40 

.. .. 4th Ja.n. .. 16·4 2nd Jan. . . 0·3 3rd Jan. .. 4·00 .. .. .. .. .. . . 10th Jan . .. 2·45 

20th Ja.n. .. 29·4 lSth Ja.n. .. 20'0 .. " 17th Ja.n. .. 1·90 .. .. .. .. .. . . 24th Ja.n • .. 1·25 

2nd Feb. .. 16·5 1st Feb. .. 2S·4 .. .. 31st Jan. .. 0·25 .. .. .. .. .. .. .. .. 
17th Feb. .. 21·5 .. .. .. .. .. .. .. .. .. .. .. .. .. . . 

Rest. 11·3 Rest. O·S Rest. 11·6 Rest. O·SO 

----

Total 211·0 Total 1 256 '6 Total 211·0 Total 234·45 



TABLB No. 64-(contd.) 

Periodical,ftlterage Nte ~J flower.bud shedding as it ouurred is cigwenJ JIfU'. 
Plants grown e%ptJBed '0 the damagt:. by the spotted boU-worm. 

19.29-30. 1930-31. 1931-32. 

Number of plants 18 20 20 under counts. 

Period I Bud. I Period I Bud Period I Bucl· ending [shedding ~nding shedding. ending ahedding. 

I 
00 00 00 00 00 00 

.. 00 00 00 . . 00 00, 00 

.. .. 00 .. .. .. 
11th Sept. .... 00 0'.2 .. .. ... .. 
24th Sept. .. .. 2·1 23rd Sept. .. 1·00 .. .. 
.lst Oct.' .. .. 4·8 30th Sept. .. 2'20 Sept. 28th •• .. 0·30 

8th Oct. .. 00 9·8 7th Oct. .. 4'45 00 00 

15th Oct. .. 00 9'2 14th pct. .. 10·10 .. 00 

22nd Oct. 00 .. iI'7 21st Oct. .. 16'$)5 20th Oct. 00 00 10·60 
29th Oct. ." 00 :1.4'7 28th.Oct. 00 26·45 26th Pct. .. 00 7·30 

GthNov. - 23·3 4th Nov. 41',10 !ndNov. 10·70 .. .. .. 00 00 

12th Nov. 00 .. 3.0'7 lIth Nov. 00 18·45 9th Nov. .. 00 11·00 

19th Nov. .. .. 29·6 18th Nov. 00 11·20 16th Nov. .. 00 14·00 
26th Nov. .. .. 18·1 25th Nov. 00 11'9.0 23rdNov. .. .. 7·65 

3rd Dec. .. 00 13·4 2nd Dec. .. 1.0·25 30th Nov. .. .. 8·30 
1Gth Dec~ 00 00 14·6 9th Dec. .. 7·85 7th Dec. .. 00 5·80 

17th Dec. 00 00 10·2 16th Dee. 00 5'80 14th Dec. 00 .. 6·00 
24th Dec. ... 00 6·.0 23rd Dee. .. 4·35 21st Dec. 00 00 7·50 

. 31st Dec. 00 00 9·1 30th Dee. .. 10·85 28th Dec • 00 .. 9·90 
7th Jan .• 00 00 6·3 6th Jan. 00 13'7.0 . 4th Jan. .. 00 9·65 

14th Jan. 00 00 4'6 13th Jan. 00 7·30 11th Jan. 00 .. 8·1)9 
21st Jan; 00 .. 1·1 20th Jan. 00 2·75 .1 8th Jan. .. 00 13·7.0 

28th Jan. ... 00 .0·3 27th Jan. .. .0·35 25th Jan. 00 00 8·20 
00 00 .. 1st Feb. ., . .. 1·45 .. .. 

00 .. 00 00 8th Feb ••• .. .0·30 
00 00 .. 15thFeb •. " 00 .0·15 

Rest. 00 .. .. Reet. .0·.05 

Total .. 219·8 Total 206·10 Total .. 139·.05 
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TABLE No. 65. 

Periodical Qll)erage rate of flower-bud Bkedding relative to flower-bud formation in 
different yea:rB.PlantB grown expoBed to tke damage by the 

Bpotted boll-worm. 

1924-25. 1925-26. 1928-29. 

Number of plants 10 10 20 under counts. 

Period Relative I Period I Relative\ Period I Relative 
,ending bud·shed- ending bud- ending bud.shed-

ding shedding ding 

.. .. 22ndAug. . .1 0·3 .. . . .. .. 29th'Aug. .. 2·1 .. . . 

.. .. 5th Sept. " 4·7 6th Sept. .. 1·25 .. .. 12th Sept. .. 5·6 13th Sept. . . 4·45 

21st Sept. .. .. HI·5 19th Sept. .. 5·8 .. . . 
28th Sept. .. .. 16·7 26th Sept. . . 10·1 27th Sept. .. 21·25 

5th Oct. .. .. .23·5 3rd Oct. .. 16·0 4th Oct . .. lB· 05 
12th Oct. .. .. 27·3 10th Oct. . . 17·7 11th Oct. .. 16-45 

19th Oct. .. .. 18·1 17th Oct. . . 26·4 18th Oct. .. 23·50 
25th Oct. .. .. 18'0 24th Oct. .. 19·3 25th Oct. .. 29·65 

1st Nov. .. .. 16·0 .31st Oct. .. 15·3 1st Nov. .. 26·20 
8th Nov. .. .. 14·5 7th Nov. . . 17·4 8th Nov. .. 19·jiO 

15th Nov. .. .. 15·8 14th Nov. .. 22·6 15th Nov. .. 16·25 
22nd Nov. .. .. 16·6 21st Nov. .. 23·7 22ndNov. .. 18·35 

29th Nov. .. .. 11·3 28th Nov. .. 12·7 29th Nov. .. 14·65 
6th Dec. .. .. 9·9 ,5th Dec. " 7·3 6th Dec. .. 9·50 

13th Dec. .. .. 10·2 12th Dec. .. 3·5 13th Dec. .. 6·50 
26th Dec. .. .. 2·7 19th Dec. . . 0·5 20th Dec. .. 3·55 

27th Dec. .. .. 2·9 .. . . 27th Dec. .. 2·05 
3rd Jan. .. .. 2·2 ',' .. 3rd Jan. ., 1·20 

10th Jan. .. .. 0·2 .. .. 10th Jan. .. (}·65 .. .. .. . . 17th Jan. . . 0·40 

.. .. .. . . 24~q Jan. . . 0·05 .. .. . . .. .. . . 

Total .. 225·4 Total .. 211·0 Total .. 234·45 

-- .--.- --- ,-
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TABLE No. 65-(contd.) 

Periodical average rate oj flower-bud 8hedding relative to flower-bud Jormation in 
different year8. Plants grc,t/m exP08ed 10 the damage by 1M 

8potted boll-worm. 

1~29-30. 1930-31. 1931-32. 

-
Number of plants 18 20 20 under counts. 

Period I Relative Period I Relative Period I Relative 
ending bud·shed· ending bud-shed. endiDg bud .. hed-

. ding. ding • ding. 

.. . . .. . . . . . . .. .. .. .. .. . . 
3rd Sept. .. 0·1 .. .. .. . . 

10th Sept. .. 1·1 9th Sept. .. 0·30 .. . . 
17th Sept. .. 4·5 .. .. i4th Sept. . . 0·15 
24th Sept. .. 6·9 23rd Sept. .. 6·15 .. . . 

1st Oct. .. 9·8 30th Sept. .. 7·25 28th Sept • . . 1·45 
8th Oct. .. 16·5 7th Oct. .. 15·10 .. .. 

15th Oct. .. 24·4 14th Oct. .. 20·90 .. .. 
22nd Oct. .. 23·4 21st Oct. .. 25·70 20th Oct. .. 19·80 

29th Oct. .. 23'0 28th Oct. .. 34.70 26th Oct. .. 11·15 
5th Nov. .. 17·7 4th Nov. .. 15'60 2nd Nov. .. 14·96 

12th N~v. .. 24·5 11th Nov. .. 13·85 9th Nov. .. 12·10 
19th Nov. .. 21·3 18th Nov. .. 12·15 16th Nov. .. 10·66 

26th Nov. .. 15·7 25th Nov. .. 10·65 23rd Nov. .. ]0·00 
3rd Dec. .. 13·0 2nd Dec. .. 8'45 30th Nov. .. 7·40 .-

10th Dec. .. 9·4 9th Dec. .. 13·30 7th Dec. 9·00 
17th Dec. .. 4·7 16th Dec. .. 12'05 14th Dec. .. 9·60 

24th Dec. .. 2·9 23rd Dec. .. 7'20 21Bt Dec. .. 13·30 
31st Dec. .. 1·2 30th Dec. .. 2·25 28th Dec. .. 10·80 

7th Jan. 
, .. 0·2 6th Jan. .. 0'50 4th Jan. . . 5·00 .. .. .. .. lith Jan. .. 3·40 

.. .. .. .. 18th Jan. .. 0·45 

.. .. .. .. 25th Jan. .. 0·05 

.. 

Total .. 219'8 Total .. 206·10 Total .. 139·05 



TABLE No. 66. 

Periodical average rate oj the shedding oj bolls as collected 
in different years. 

1~23-24. I 1924-25. 1925-26. 1928-29. 

Number of plants 99 
under counts. I 50 10 20 

Period 

I 
BolIs I Period BolIs Period BolIs Period 

ending shed. ending shed. ending shed. ending 

.. .. .. .. .. .. .. 

.. .. .. .. 1st Nov. .. 0·4 1st Nov. .. 
11th Nov. .. 0·3 .. . . 8th Nov. .. 0·5 8th Nov. · . 
ISth Nov. .. 0.·3 .. .. 15th Nov. .. 0·3 15th Nov. · . 
25th. Nov. .. 0·5 23rd Nov. .. 0·06 22nd Nov. .. 1·6 22nd Nov. · . 

2nd Dec. .. 1·3 30th Nov. .. 0·40 29th Nov. .. 2·1 29th Nov . .. 
9th Dac. .. 1·9 7th Dac. .. 0·62 6thD3c. .. 4·6 6th D3c. .. 

16th Dac . .. 3·7 14th Dec. .. 4·48 13th Dec. .. 9·5 13th Dec. . . 
23th Dec. .. 2·4 21st Dec. .. 7·98 20th Dac. .. 13·7 20th Dec. . . 
30th Dec. .. 2·7 28th Dac. .. 10·66 27th Dec. .. 9·1 27th Dec. .. 
6th Jan. .. 2·3 4th Jan. .. 9·18 3rd Jan ... 10·2 3rd Jan. . . 

13th Jan. .. 4·1 11th Jan. .. S'62 10th Jan. . . 3·3 10th Jan. .. 
20th Jan. .. 3·6 18th Jan. .. 3·72 .. .. 17th Jan. .. 
27th Jan. .. 3·8 25th Jan. .. 1·46 .. .. 24th Jan. .. 

3rd Feb. .. 4·0 1st Feb. .. 0·70 .. .. 31st Jan. .. 
10th Feb. .. 1·8 .. .. .. .. .. 
17th Feb. .. 0·5 .. .. .. .. .. 
24th Feb. .. 0·2 .. .. .. ... .. 
2nd Mar. .. Q'1 .. . . .. .. .. 

Rest. 1·2 Res~. 3·62 Rest. 2'1 R6IIt. 

- . . . . 

Total .. 34·7 Total .. 51'50 Total .. 57·4 Total .. 

359 

BolIs 
shed • 

.. 
0'05 

.. 
0·40 

I'S5 

3·90 

3:95 

4.·95 

·5·25 

4·1S 

4·45 

6.,15 

4·25 

2·55 

0'65 

.. 

.. 

.. 

.. 
1·95 

44·50 
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TABLlII No. 66-(contd.) 

Periodical average rate oj the 8hedding oj bol18 tU coZlecte4 
in diJIerent years. 

1929-30. 1930-31. 1931-32. 

Number of plants 18 
under counts. 

Period 

I 
Bolls 

ending: shed. 

.. .... 
29th'Oct. .. .. (J-l 

5th Nov., .. .. 0·1 

12th Nov., .. .. 1·1 

IlJth Nov., .. .. 2-9 

2'6t;hNov. .. -- 2-3 

3rd Dec. . ,. .. 2·9 

1000hDec; .. .. 3-7 

17tlr Dec. , "~ .'. 2·6 

24th Dec. .... .. 2·2 

'31st Dec. .. .. 4·9 

7th Jan. r. .. 7·6 

14th,Jan., . '. .. ll·S 

21st Jan. .. .. 4'S 

28th Jam. ' e-.· .. 2·S 

4th.Feb. .. ' .. 0·7 

.. .. 

.. . ,. 
-. . . . 

:ResII. 0·2 

, , T'otal' .. 50·7 

20 20 

Period 

I 
Bolls I Period. 

I ending shed. ending 

21st Oct. I 0·10 .. .. 
28th Oct. .. 0·40 .. 
4th Nov. .. 1·15 .. 

11th Nov. .. 0-45 .. 
18th Nov. .. 0-25 .. 
25th Nov. .. 0-05 .. 
2nd Dec. .. 0-10 30f,h Nov. .. 
9th Dee. -- 0-50 7th Dee. .. 

16th Dec. .. 0·75 14th Dec. .. 
23rd Dec. .. 2'10 21stDeo. . . 
30th Dec. .. 2-05 28th Dec. . . 
6th Jan. .. 10·90 4th Jan. .. 

13th Jan. .. 22·00 11th Jan. .. 
20th Jan. .. 13·95 ISth Jan. .. 
27th Jan. .' . 3·45 25th Jan. . . 
3rdFeb. .'. 0·50. 1st Feb. .. 

.. . . SthFeb. .. 

. . . . 15th Feb. . . 

.. . . . . 
Rest. .. Best. 

Total .. 58''15 Total .. 

BoDa 
shed. 

.. 

. . 

.. 

. . 

..' 

.. 
0-10 

0-25 

0-60 

0·95 

1·35 

1·45 

a·oo 
8·25 

10·45 

'·18 

3·15 

1'10 

.. 
0·'15 

34-43 



TABLE No. 67; 

Periodical average rateo! the shedding of bolls as related to flower opening in different 
years. Plants grown exposed to the damage by the spotted boll-worm, 

Years 1923-24 •. 1 1924--25. ' 1925-26. 

Number of plants. 
under counts, 

Period 
ending 

.. 
4th Nov. .. 

11th Nov. .. 
18th Nov. .. 
25th Nov. .. 
2nd Dec. .. 
9th Dec. .. 

16th Dec. .. 
23rd Dec, .. 
30th DOC. .. 
6thlan. .. 

13th Jan, .. 
20th Jan. .. 
27th Jan. .. 
Srd Feb, .. 

10th Feb. .. 
.. 
.. 
.. 
.. 

Total 

46 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

D9 

I 
Relative \ 

bolls 
shed. 

.. 
0'2 . 

0'6 

1'0 

1'0 

2'2 

S'l 

2'9 

S'O 

S'5 

4" 

4'5 

"I 
2'6 

1'6 

o's 

,. .. 
.. 
.. 
.. 

84'7' 

60 

Period 
ending 

- ... -

.. 

.. 

.. 
16th Nov. 

23rd Nov. 

30th Nov. 

7th Dec, 

14th Dec. 

21st Dec, 

28th Dec, 

4th Jan. 

11th Jan, 

ISthJan. 

25th Jan, 

1st Feb, 

. . 

.. 

.. 

.. 

.. 

Total 

.. 

.. 

. . 

.. 

.. 

.. 
" 

.. 

.. 

.. 

. . 

.. 

.. 

10 

\ 

Relative I boDs 
shed, 

Period 
ending 

. . 25th Oct 

.. 1st Nov. 

.. 8th Nov. 

0'36 15th Nov. 

0'86 22nd Nov • 

"'00 29th Nov. 

6'40 6th Dec • 

8'8S 13th Dec, 

lS'oo 20th Dec, 

11'04 27th Dec, 

6'22 Srd Jan, 

l'SS 10th Jan, 

O'S2 .. 
0'02 .. 
0'02 .. 
.. .. 
. . . . 
.. . . 
. . .. 
.. .. 

61'60 Totsl 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. . 

.. 

.. 

1926-27, 

I 
Relative] boDs 

shed. 

0'5 

10 

Period 
ending 

.. 
0'4, 31st Oct. 

0'8 7th Nov, 

1'2 14th Nov, 

3'~ 21st Nov, 

6'2 28th Nov, 

12'8 5th Dcc, 

13'6 12th Dec, 

9'6 19th Dec. 

5'3 26th Dec, 

3'2 2nd Jan, 

O'S 9th Jan, 

.. 16th Jan, 

.. 23rd Jan. 

.. 30th Jan, 

.. 6th Feb. 

.. 13th Feb. 

.. 20th Feb. 

.. 27th Feb, 

.. 6th Mar. 

-
67'4 Total 

.. 

.. 

.. 

.. 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

. . 

I 
Relative 

boDs 
shed • 

. . 
0'3 

0'9 

1'0 

2'3 

1'9 

1'5 

1'1 

2'S 

1'7 

2'0 

1'9 

2'2 

2'5 

3'5 

4'S 

6'5 

5'1 

,., 1'5 

. . O'S 

.. .. 43'S 
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TABLE No. 67-(c:ontd.) 

Periodical average rate 0/ the. Ilhedding 0/ bo1l8 as related to flower opening in diJ!e'~n' 
year8. Plants grow7Hxpo8ed to the damage by the 'potted boll·worm. 

Years 1927-28. 

Number of plante 
nnder counts. 20 

192&-29. 

20 

Period 0 -I Relative I Period 1 Relative I bolls bolls ending shed. ending shed. 
• 0 

" . , .. .. j . . 
.. .. 28th Oct, .. 0'05 

.. .. 4th Nov. .. .. 

.. ., 11th Nov, .. 0'65 

20th Nov. .. 0'03 lSth Nov. .. S'45 

27th Nov. .. 0'10 25th Nov, .. 4'35 

4th Dec, .. 0'70 2nd Dec, .. 4'65 

11th Dece, .. 1'65 9th Dee, .. 4'95 

18th Dec, .. 2'20 16th Dec, .. 0'00 

1929-80. 1080-81. 1931-8S. 

18 20 so 

Period /Re\auve\ 
\ Re\ao / 

bolla PerIod t1ve PerIod 
ending ahed. endlnll bolla endlnll 

abed. 

20th Oct. 0'1 19th Oot. .. 0'10 .. 
'0 o. .. 

0' 

27th Oct. .. 0'1 26th Oot. .. 0'76 .. 
Brd Nov, .. 0" lind Nov, ., 1'06 .. 

loth Nov, .. 1'4 9tl1Nov. .. 0'30 .. 
17th NOV. .. 8'6 16th Nov. .. 0'16 .. 
2.th Nov. .. 3'6 2Brd Nov. .. 0'05 2200 Nov, •• 

latDec, .. 3'1 30th Nov. .. 0'40 27th Nov. .. 
Sth Dec. .. 3'8 7th Dec, .. 1'20 Oth Dec. .. 

15th Dec. .. 4'0 14th Dec, .. 1'5& 13th Dec • .. 
25t1lDec. 0 .. S'S5 23rd Dec, .. 6'35 22nd Dec, .. 6'0 2J,Bt Dec. .. 8'40 20th Dec. .. 
1st J'an, .. 4'70 30th Dec, .. 0'00 29th Dec. .. 5'6 28th Dec. .. U'95 27th Dec, .. 
8th J'an. 0 .. 0'66 6th lan, .. 3'40 5th Ian. .. g'l 4th Ian. .. U'76 3rd Ian. .. 

15thI8n. '0' 
10'35 13th J'an. .. 2'96 12th Ian. .. 6'4 11thJ'an • .. 16'75 lOthIan. .. 

22nd J'an. .. 9'85 2Oth;J'!,n, .. 1'05 19th Ian. .. 2'8 18th Ian. .. 7'25 17th Ian. .. 
29thJ'an. .. 0'40 27th Ian. .. 0'95 26th Ian. .. 0'8 25th Ian. .. 1'05 2Uhlan. .. 
5th Feb. .. 2'10 Srd¥eb. .. 0'S5 2ndFeb •• ' .. 18tFeb. .. 0'05 3lat Ian. .. 

12th Feb. .. 0'95 loth¥eb, .. 0'25 9th Feb. .. 0'1 . . .. 7th Feb. .. 
19th Feb. .. 0'25 17th ;Feb. .. 0'25 .. .. .. .. 14th Feb. .. 

.. .. 24th ;Feb, .. 0'05 .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. 
Total .. 49'8 Total ..I 44'50 Total .. 50'7 Total .. 58'75 Total .. 

'00 

Re\ao 
ttv. 
bolls 
.hod • 

.. 

.. 

.. 

.. 

.. 
0'06 

0" • 

0'66 

0'70 

1'60 

S'66 

1'70 

II'SO 

"SO 

"SO 

S'05 

1'1& 

0'35 

.. 

.. 
84"5 
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TABLE No_ 68_ 

Mean length and breadth 0/ normal boUs_ Flowers ticketed on 16th and 17th 
January, 1925_ 

Age of Standard Standard 
normal No_ of Mean length in mm_ deviation 

Mean breadth in mm_ deviation 
bolls in cases_ of the of the 
days_ length_ breadth_ 

I 10 6-95±0-1045 0-49 4-95±0-1045 0-49 

2 10 7 -25±0 -0960 0-45 5- 25±0-0960 0-45 

3 10 7 -55±0 -0939 0-44 5-45±0-0640 0-30 

4 10 8-55±0-0939 0-44 6-15±0-1045 0-49 

5 10 9-25±0-2134 1-00 6-45±0-1771 0-83 

6 lQ 9-25±0-0960 0-45 6- 75±0-1280 0-60 

7 10 9-55±0-000O 0-00 '1-35±0-O853 0-40 

8 1O' 9-55±0-1643 0'77 7-35±0·1280 0-60 

9 -- .. -- .. --
1O 10 10-45±0·2219 1·04 7-75±0-11l78 0-74 

11 10" 10- 95±0·1045 0-49 8-55±0-0939 0-44 

12 10 11- 95±0·1408 0-(16 9-45±0-1l52 0-54 

13 10 12-33±0-14Ui 0-63 9-85±0-1528 0-68 

14 10 12-65±0-2219 1-04 10-35±0-1857 0-87 

15 1O 13- 75±0-1280 0-60 10· 75±0-1578 0-74 

16 10 14-95±0-1942 0-91 11-65±0-1771 0-83 

17 10 15 -65±0 -0640 0-30 12-05±0-1067 0-50 

18 9 15- 95±0- 3012 1-34 12-67±0-2450 1-09 

19 g 17-7't±O-2045 0-91 13-44±0·1239 I 0-56 

20 10 20- 05±0- 3201 I-50 15·05±O-1995 

I 
0-92 
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TABLB No. 69. 

Mean length and breadth oj the 8hed bolla Jrom 1502 flowers ticketed betwu" 
13th to 17th January, 1925. . 

Age of Cases Standard Cases Standard 
shed-bolla measured Mean length in deviation measured Mean breadth in deviation 
in days. for mm. of the for the mm. of the 

length. length. breadth. breadth. 
-

1 0 0 0 0 0 0 

2 0 0 0 1 II· OO±O· 0000 ° 
'3 0 0 0 1 4· IIO±O· 0000 0 

'4 0 0 0 3 4· 89±0·1871 0·48 

5 3 7· 55±0·0000 0 .11 5· 22±0·1483 0·66 

6 9 7·22±0·1056 0·57 16 4·75±()o1132 0·65 

7 14 7·41±0·1I50 0·639 17 5·1410·1260 0·77 

8 25 . 7·6HO·1I6G 0·86 28 5·09±0·O929 0·73 

9 64 8· 26±0· 0699 0·83 64 
" 

5· 30±0· 0649 0·77 

10 120 8· 37±0·0837 1·36 120 5·52±0·0800 1·30 

11 143 8· 85±0· 0722 1·28 143 5· 87±0·0629 1·12 

12 133 9· 17±0·0760 1·30 133 6·22±0·0707 1·21 

13 110 9·S9±0·0974 1·51 lIO 6· 61±0·0959 1·49 

14 89 10·42±0·1151 1·61 89 7·18±0·U08 Hi/l 

15 50 10· 69±0· 1497 1·57 .50 7·33±0·U" 1·20 

16 46 n·16±0·1611 1·62 46 7·507±0·1671 1·68 

17 18 11· 44±0· 3261 2·05 18 S·U±O· 2768 1·74 

18 28 11· 62j:O·2663 2·09 28 S· 05±0· 2748 2·16 

19 16 12· 74±0· 2934 1·74 16 S· 56±0· 2967 1·76 

20 17 12· 49±0· 3240 1·98 17. 8· 79±0.· 3349 2·04 

. .. .. ..-
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~~LENo. 70. 

Pedicel length oj the normal and 8hed boll.s. Flower8ticketed in the middle 
oj January, 1925. 

Normal Bolls. Standard Shed-Bolls. Standard Age of 
bolls Cases deviation Cases deviation 

n days. measured. Mean length in of the examined. Mean length in of th\l 
rom. length. rom. length. 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 0 0 0 0 

5 10 12·45±0·6339 2·97 7 13·90±0·6029 2-36 

6 10 13·85±0-6285 2-85 15 11-58±0-4479 2'-57 

r 

7 10 13-85±0-5763 2-70 17 11- 8HO -5642 3-43 

8' 10 15-25±0-6723 3-15 28 12-'19±0- 3003 2-36 

9 0 .0 0 0 64 12-27±0-2529 2-99 

10 10 15. ~5±0- 7257 3-40 120 12:64±0-1680 2-74 

11 10 i5-- 45 ±O -4973 2-33 143 13; 15±0-1529 2-72 

12 10 17-25±0-7257 3-40 133 13-32±0-1901 3-25 

13 10 16-25±0-6616 3-10 110 14-03±0-1543 3-41 

14 10 15-.45±1·0030 4-70 89 15:27±0-2238 3-12 

15 10 17-45±0· 7342 3-44 50 14; 69±0- 2843 2-98 

16 10 18-25±0·8751 4-10 46 15-09±0-3004 3-02 

17 10 17-25±0-6445 3-02 18 15 -60±0 -5942 .3-70 
,. 

18 9 18-17±0- 7532 3-35 28 16-55±0-4492 3-53 

19 9 16- 65±0- 773.4 3-44' 16 15'- 45±0- 3187 -i-89 

20 10 17-05±0-8111 3-80 17 14--45±0-5238 3-20 

. -

- -- ... •••• < -.. _ .. . - . _.- ---- --- - - -- .-.-- --



TABLE No. 71. 
Rate 01 the normal developmem 01 the owlu in growing bolU. 

(Average of ten daily measured.) 
Average of 10 ovules 

Age of (taken from 10 ditIerent bolls). Growth rate of the ovulee. 
normal exel uding lint and fuzz. 

bolls 

I I in days. Length in mm. Breadth in mm. Length in nun. Breadtb in mm. 

0 1'19 0'79 .. .. 
1 1'22 0·88 0·03 0·09 

2 1'50 1·10 0·28 0·22 

3 1·54 1·14 0·04 0·04 

4 1'58 1·15 0·04 0·01 

5 1·60 1·20 0·02 0·05 

6 1·66 1·22 0·06 0·02 

7 1·73 1·30 0'07 0'08 

8 1·76 1·30 0·03 0'00 

9 .. .. 0·65 0·08 

10 1'89 1'46 0·65 0'08 

11 1'99 1·55 0·10 0'09 

12 2·64 1·89 0·55 0·34 

13 .\1'70 2·13 0·18 0·24 

14 2·71 2·0& 0'01 0·05 

15 3'04 2·22 0·33 0·14 

16 3·10 2·30 0·06 0'08 

17 3'21 2·29 0·11 0·01 

18 3'40 2·23 0·19 0·06 

19 3·95 2·54 0'55 0·31 

20 4'60 2'81 0·65 0·21 

21 . 
4'60 3'05 .. 0·24 

22 .5·20 3·46 0·60 0·41 

23 .. .. 0·35 0'07 

24 5.90 3.61 0.35 0.07 

25 6'60- 4'20 0·70 0'59 



TABLES FOR CHAPTER IV. 
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TABLE No. 72. 

Production oj varw'U8 organa on. plants grOW1/, inside the field cage, i.e., free 
- from boU-worm. 

1924·25. 

Plant No. 

I 
1 2 8 4 6 8 'I 8 0 10 Averaae • . 

Heigbt of main stem in ems. 1-.-.-----------------lS5-lj 145-0 152-0 150-2 160.0 161-8 118-0 .. 143-0 

.. I .. ----------------Heigbt In no des .. 65 52 6S 44 61 61 8S .. 48-' 

Leaves .. .. .. .. 668 763 713 798 868 857 826 708 .. 728-8 ----------------Vegetative buds .. .. .. 814 394 377 388 829 409 319 847 .. 8511-6 ----------------Flower buds .. .. .. 354 359 336 410 339 448 807 859 .. 884-0 ---------------------Sbed buds .. .. .. .. 294 298 272 346 268 378 258 808 .. 802-1\ -------------- --Percentage bud·sbedding .. .. 83-1 83-0 81-0 84-4 79-1 84-4 83'4 86-8 .. 83-1 ----------------Flowers .. .. .. .. 60 61 64 64 71 70 61 61 .. 61-6 -----------------------Sbed bolls .. .. .. .. 39 35 88 38 89 82 27 29 .. 8'-8 ----------------------Percentage boll.sbedding .. .. 65-0 57-4 59-4 59-4 64-0 46-7 62-0 66-11 .. 68-8 -_. --------------
Ripe bolls .. .. .. .. . - 21 26 26 - 26 32· 88 ·24 22 . ... -- 26-1 --._-. -194-l --------------------Percentage total sbedding .. 02-8 02-3 93'7 90-6 01-6 112-2 93-1 1IZ-8 

• 

Production. oj vari0'U8 'Organa on. plants grOW1/, exposed to- iM damage by the 
8potted boll-worm. 

1924-25. 

PlsntNo. 1 \ 2 
8 I ' 6 _81_'1 8 II 10 Average. 

I- i --:--
Helgbt of main stem in ems. 33-8 62-6 ~I~ 23-0 70-6 68'0 85-6 71-0 80-6 66-8 -
Heigbt in nodes .. .. 21 33 27 15 16 40 33 41 83 all 211-1 --------------
Leaves .. .. .. 630 692 405 691 UO 603 6111 828 876 69' 808-7 ----------------
Vegetative buds .. .. 327 331 236 S56 285 296 337 340 353 324 811-7 -----------------
Flower bnds .. .. .. 203 261 169 335 164 307 282 470 323 870 ll811-a ----------------
Sbed buds .. , .. .. 161 208 135 260 127 225 201 875 26' 1198 225-' -----------------
Percentage bnd-sbeddlng .. 70-S 70-7 79'0 77-6 77-4 73-8 71-8 78-8 81'7 80·6 77-11 ------------- --
Flowers .. .. .. 42 63 34 75 37 S2 Sl 10' 60 711 ea-I ----------------
Sbed bolls .. .. .. 21 S3 18 40 20 63 62 63 .4 86 87-8 ----------------
Percentage boll·sbeddlng .. 60-0 62-3 62-0 65'3 64-1 64-8 64-11 60-' 67-6 48-8 60-2 ------------f-;t Ripe bolls .. .. .. 21 20 16 26 17 20 29 26 87 26·1 --------
Percentage total ebedding .. SO'7 92-3 90-5 02-2 111·8 90-6 110-'1 01-' 1IZ-8 110-11 111-0 

I 
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TABLE No~ 73 .. 

Production of vari0U8 organa on plants grown inside the field cage, i.e., 
free from boll-Wo/rn. . 

1925-26. 

Plant No. 1 2 S 4 5 6 7 8 9 10 Average. 

----------------
Height of main stem In ems. .. 181'5 150'5 143·0 147'0 153'5 173'5 117·5 183'0 170'5 157'8 --------------.--
Height In nodes .. .. .. 53 46 45 53 49 51 36 52 50 48·3 ----------------
Leaves .. .. .. 883 941 679 543 437 648 944 811 883 656 742·5 ----------------
Vegetative huds .. .. 465 431 389 286 282 371 505 462 458 358 400·7 ----------------
Flower hnds .. .. .. 418 510 290 257· 255 277 439 349 425 298 341·8 ----------------
Shed huds .. .. .. 341 423 233 202 127 228 362 281 338 234 276'9 ----------------
Percentage bud-shedding .. 81·6 82'9 SO'S 78·6 81'9 82·3 82·5 80'3 79'5 78·5 81·0 ------------------
Flowers .. .. .. 77 87 57 55 28 49 77 88 87 64 64·9 ----------------
Shed bolls .. .. .. 45 48 30 SO 13 24 47 40 44 39 36'0 ------------------
Percentage boU .. hedding .. 68·4 55·2 52'6 54·5 46'4 49·0 61'0 58·8 50·6 60·9 55·5 ------------------
Ripe bolls .. .. .. 32 39 27 25 15 25 30 28 43 25 28'9 ----------------
Percentage total shedding 92·3 92·4 90'7 90'3 90'3 91·0 93·2 92·0 89·9 91·6 91·5 

Production of various organ.a on plants grown OUt8ide the field cage 
(exp08ed to boll-worm). 

1925-26. 

I 
Plant No. 1 2 3 4 5 6 7 8 9 10 Average. 

------------------
Height of main stem In ems_ 23'0 36'0 31'5 37'0 40·0 41·0 25·5 42'5 34'5 33·0 34·4 --------------
Height In nodes .. .. 13 20 16 22 20 20 14 21 21 18 18'5 

--------------
Leaves ._ .- .. .. 691 967 1522 716 1062 1091 770 1058 593 982 945'2 

------------
Vegetative buds .. .. 517 638 1045 510 735 735 486 709 369 724 646'8 ----------------
Flower buds .. .. .. 174 329 477 206 327 356 284 349 224 258 298'4 ----------------
Shed buds .. .. .. 122 239 356 159 217 276 185 240 152 173 211'0 ------ -- --
Percentage bud .. hedd1ng .. 70'1 72'6 74·6 77·2 66'4 75'0 65·1 88·8 67·9 67·1 70·7 

Flowers .. .. .. 62 90 121 47 110 89 99 109 72 85 87·' ----------
Shed bolls .. .. .. 32 53 79 28 71 62 72 77 49 63 57'4 ---------- --:ro.o168.l Percentage boU .. hedding .. 61'5 58'9 65·3 55·3 60·5 69·7 72·7 62·4 65'7 

-----------_._-
Ripe bolls .. .. .. 20 . 37 42 21 39. 27 27 321 23 32 30·0 

Percentage total shedding _. 88'5 88'8 91·2 89·8 88·1 9H "'iio:5
1
00:8 89-7 ,87-"61-8;;-

'7 



TABLE No. 74;. 

P~iodi()aZ ~verage rate of' ¥od~tion of Zeaves, flower-buds and jl.owers On plant~ grown in the cage and outside the cage 
: : , • I ',' , : for the years 1924-25 and 1925-~6. , 

1024-25. ,I 1925-26. 1924-25. 
, 

1925-26. I 

! I I 
Number 8 10 Number 19 10 :Number 8 10 Number 10 10 of Plante' of plantoJ of plants of plantoJ 

--- -I , I InBl~e the cage. OutoJlde t)l.e Cage. Inside tbe cage. OutBldetbe cage. Inside OutoJlde Inside OutBlde 
the cage. the cage. tbecage. tbe cag, 

Period Period , period, --- --- Period 
ending ending ending ---endiJ1.g 

Leav~'1 ~~~e.r Leaves.l ~~~~r I Leav~·l ~~~e.r Leaves. Flower Flowers Flower. Flowers Flowers 
buds. opened. opened. opened. openllCL; 

, . 
! 1 : •• .. .. .. .. 2200 Aug. 9'2 

ii:9 
18'9 0'8 .. .. .. .. .. .. 

, 29tb~ug. .. .. ,. .. 29th Aug. 8'4 11'8 2'1 .. .. " .. .. .. .. .. .. .. .. 6th Sept. 12·2 8'9 23'6 4'7 .. .. .. .. .. .. ' 
20th S~Pt. 

.. .. 
80:8 10:5 • 

12th Sep. 20'6 6,9 28'7 6'7' .. .. .. .. .. 
40:1 

,. 19th Sept. 80'6 11·2 41'8 6'9 .. .. .. .. .. .. 
27tb Sept., 18'0 47'6 17'8, 26tb Sept. 42'0 17'8 61'0 10'6, .. .. .. .. .. .. 

4th Oct.' 24·1 12'5 68·0 25'0 Srd Oct. 62'6 23'7 82'8 16'6, .. .. .. .. .. .. 
, 11th Oct. '45'8 18'8 62'1 S6'1 10th Oct. ,42'6 18'7 77'7 10'2' .. .. .. .. .. .. 
18th Oct. 46·1 21'6 60·6 20'S 17tb Oct. 66'4 26'7 111·9 81'8 .. .. .. 

25th oCt • .. 
ii:, 25th Oct. 60'8 24'0 62'5 27·1 24tb Oct. 50'2 28'2 115'1 Sl'8 .. .. .. 

ii:l lst Nov. 60'\1 28'4 60'8 80" 81.t Oct;. 69'6 SO'7 88'1 S3'0 
OthNov. 

.. 
ii:2 

18t Nov. 0" ' 
8tbNov. 67'6 81'2 88'0 22'8 7tbNov. 7ll-l 85'0 92'4 SO'5 .. 8tbNov. 5'6 1'. 

'15tb~ov. 5l1'8 29'8 85'0 21i'6 ' 14tb Nov. 75" 86" 81'1 '0'7 16th Nov. .. 1'0 15tb Nov. "1 8'1 

22ndNov. 52" 25'0 88'1 18·6 2lat Nov. 67'6 28·8 61'2 80'0 23rd Nov. 0'25 1·' 22ndNov. ,., 8'8 
29th Nov. '0'5 24'0 19'8 1S'2 , 28th Nov. 40'4 19'0 81'7 14" 30th Nov. 1·12 10·, 29tb Nov. 0·6 17'8 
6th Dec. "'1 26'6 14" 10'2 6th Dec. S9'7 21'9 15·2 ,·s 7th Dec. l'S7 10'5 6th Dec. 1·2 '19'. 

, ISth Dec. S2'6 20'2 16'0 10'2 12th Dec. 25'2 14'7 6'9 S·O 14tb Dec. 2·87 14'9 13th Dec. 8" 16" 
20tb Dec. 80·' 111-41 6'8 ll-7 19th Deo. 19'2 10'6 1'. 0'5 21st Doc. "62 11'8 l/Altb Dec, "6 ".g 

: 27th Dec .. 36'6 19'1 6'0 2·0, 16th Dec. 12·0 6·6 .. .. 28th Dec. 6·87 8·7 27th Dec. 10'6 6" 
Srd Jan. lhH 19" 3" 2·2 ' 2nd Jan. 6" ,., 4th Jan. 7·12 8·7 8rd Jan. 14·0 8'6 

: 10thJan. " .. 
19·7 18'1 D·. 0'2 . 11th Jan. 8'6 2'1 .. .. 11th Jan. 7'12 1·' 10th Jan. 8'6 0'8 

,17th Jan. 10'8 ' 6'6 1'1 .. 16th Jan. 0'6 0'1 .. .. 18th Jan. 6'S7 0·2 17th Jan. 8'6 .. 
24th Jan. 8" 8'6 .. ',' ISrd Jan. 0'1 .. .. . . 25th Jan. 8'7& 0'2 24th Jan. D·. .. 
811t Jan. 6" "0 .. .. 80th Jan. i:. ii:1 

.. .. lat Fpb. "50 .. 81at Jan. D" .. 
7th Feb. ,8" 0'" .. .. 6tbFeb. .. .. 8th Feb. 6'S7 .. 7th I'eb. 0'8 . . 

14th Ifeb. "., 1" .. 0'. .. .. .. .. .. 15th Feb. "00 .. .. .. .. 
211t Feb. "8 0" .. .. .. .. .. .. .. 22nd Feb. 8·25 .. .. .. .. 
28th Feb. 1'0 0'1 .. 

~ 
.. .. .. .. la'Mar. 0'87 ;.;;- .. .. 

~ --- -.. Jotal 728" 86"0 1108' r 2811'. .. Total "11-6 .,1'. 945'2 298" .. Total 61" .. Total M" '7'& 



TABLE No. 75. 

Periodical average rare oj Bhedding oj flower-booB relative to Jormaticm in plants grown inside and outside the cage. 

1924-25. 1926-26. 

Period ending Inside the cage. Outelde the cage. Period ending Inslde the cageo Outelde the cag~. 

Bude formed IRelative bud-. shedding. Bude formed IRelative. bud-• shedding. Bude formed IRelative bud-• shedding. Bude formed I Relative bud-• shedding. 

Number of plants 8 10 Number 01 plant. 10 10 

.... .. .. .. .. 22ndAuguat .. 0'0 0'0 0'8 0'8 .... .. .. .. .. 29th August .. 0'9 0'9 2'1 2'1 .... .. .. .. .. 6th September .. 8'9 8'9 4'7 4'7 .... .. .. .. .. 12th September .. 6'9 6'9 0'7 0'6 

!lOth September .. 0'0 0'0 19'0 19'0 19th September .. 11'2 11'2 0'9 5'S 
27th September .. 13'9 18'9 17'3 16'7 27th September .. 17'8 17·0 10'0 10'1 
4th October .. 12'0 12'0 25'0 23'0 3rd- October .. 23'7 19'9 16'6 16'0 

11th October: ' .. 18:8 18'3 30'1 2p 10th October .. 18'7 14'9 19'2 17'7 

18th October .. 21·6 19'9 29'3 18'1 17th October .. 26'7 22'0 31'8 26'4 
25th October .. 24'0 21'6 27'1 18'0 24th October .. 23'2 21'1 31'8 19'8 

1st November .. 28" 28'9 30" 16'0 31st October .. 80'7 29'7 88·0 16'3 
8th November .. 81'2 24'4 22'8 14'5 7th November .. 85'0 81" 89'5 17" 

16th November .. 29'8 21'5 22'6 11)'8 14th November .. 36'4 25'6 40'7 22'6 
22nd November .. 26'9 17'9 18'6 16'6 21st November .. 28'3 11'7 30'9 23'7 
29th November .. 24'9, 15·1 13'2, 11'8 28th November .. 19'5 11'1 14'4 12'7 
6th December .. 26'5 17'4 10'2 9'9 5th December .. 21'9 14'5 7'8 7'3 

13th December .. 20'2 16'2 10'2 10'2 12th December .. 1('7 12·5 8'5 3'5 
20th December .. 19'6 16'9 2'7 2'7 19th December .. 10'6 10'1 0'5 0'0 
27th December .. 19'1 17·6 2'9 2'9 26th December .. 0·5 5'4 .. . . 
8rdJanuary .. 19'4 19-8 2'2 2'2 2nd January .. 4'4 4" .. .. 

10th January .. 13'1 13'0 0'2 0-2 9th January .. 2'1 2'1 .. .. 
17th J annary 

" 6-5 6-0 .. .. 16th January .. 0'1 0'1 .. .. 
24th January .. 8-0 8'0 .. .. 23rd January .. .. .. .. .. 
811t January .. 2'0 2'0 .. .. 30th J annary .. .. .. .. .. 
7th February .. 0'9 0'9 .. .. 6th February .. 0'1 0'1 .. .. 

14th February .. 1" 1" .. .. . ... .. .. .. .. 
21st February .. 0'8 0'8 .. .. .... .. .. .. .. 
28th February .. 0'1 0'1 .. .. . ... .. .. .. .. 

Total .. 864'0 802'5 289'3 225" Total .. 841'8 276'9 298" 211'0 



Week ending 

Number of plantB 

.... 
Dth November 

10th November 

SSrd November 
80th November 

'1th DeceJllber 
14th Deoember 

Slit December 
2dth December 

'thJanuary 
11th January 

18th January 
lIoth J anuar,. 

1.tFebmary 
8th Febmary 

15th February 
tind February 

la'March 

TotAl 

TA1ILE No. 76. 

Weekly average rate of boll.shedding relative to flower. formation in plants grown insUe 
and outside the cage .. 

.. 
192t-25. 1925-26. 

Ill.IIde the cage, I Outaide the cage. Week ending IlIJIlde the cage. I OutBlde the cage. 

Flowers I Relative 

I 
Flowers I Relative Flower. I Relative 

I 
Flowers I Relative 

opened. bolla shed. opened. bolla Ibed. opened. bolla abed. opened. bolla Ihed, 

S I' 10 Number of plantB 10 I 10 

.. .. .. .. 25th October . . 
Crl 

.. 0'6 0'1\ .. .. 
0:2 0:1 

1st November .- S:l 0" 0·' .. .- Sth November .. 1\'6 I'll O'S 

.- .. .. 1'0 0-1 15th Novem.ber .. "1 8'1 8'1 I'll 

.. 0'25 0,12 1" 0'6 22nd November .. ,., 1·6 8'8 8'0 .. 1'12 0'87 10" 8'7 29th November .. O'li 0·11 17'S 8'11 

.. 1'87 0'25 10,6 "8 8tb December .. 1'2 0,1 19'2 12'8 .. 2'87 0'50 1"9 II" 18th December .. 8" O'li 16'1 18'8 

.. "82 1''15 11'8 '1'11 20th December .. '1'8 8'1 D'II D'8 .. 1\'87 2'1\0 8·1 8'Ii 27th December .. 10·8 "8 1\" I\'S 

.. '1·12 1'25 8'1 8·0 8rd January .. 14'0 8,' 8'1\ 8' • .. 1'12 11·76 I" 1,8 10th January .. 8'1\ 8'1\ 0'8 0'8 

.. 6·87 8,00 0'2 0'2 17th January .. 8'8 .'11 .. .. .. 8'76 8'87 0·. 0'2 2'th January .. 0'8 0'8 ... .. 

.. '1'1\0 6'12 .. .. Slot January .. 0,. 0'8 .. .. .. 6'87 "87 .. .. 7th Febmar,. .. 0'11 0'1 .. .. 

.. ,,00 8,75 .. .. .... .. • 0 .. .. . - S'25 8'12 .. .. .... .. .. .. .. . - 0'87 0'87 .. .. .... .. .. .. .. 

.. 81'& 8"6 68'11 87'8 TotAl .. "'II 88'0 87" 67" 



TABLE No. 77. 

Weekly total rainfall in inche8 at the Agricultural Station, Surat. 

I 5 112 1 19 I 26 I 2 I 9 1 16 I 23 I 30 I 7 1141 21 
ae&t··ITOtaJ. 

I 

Month I·May.1 June. Jllly. I August. I September. October. 

3 110 117 I 24 I 1 I 8 115 I 22 I 29 

=_" ___ " ___ "_-=-=-=1'" ,,,1-= '" -= '" '+" ... -=-= '" '''-=-''--=-''--== 
1925-26 0'06 4'14 6'01 2'93 2'09 3'85 0·09 1'32 0'681 0'77 2'08 1'38 0'361 0'33 .• 0'84 0'20.. •• I" .. .. 0'06· 27'19 

"On 15th November 1925. 



TABLE No. 78. 

Weekly maximum ani/, minimum temperatures (in Falvrenheit). 

Month Jnne. I July. August. 

Week 
ending 810 172. 1 815 2229 5 12 19 26 

--------- - - -
Mulmum .... .... . ... .. .. .. ... 87 88 86 90 

-r-----I--- - - -
Jrl1nImum .... .... . ... .. .. .. .. 80 80 78 78 

- ~-------- - -
Dlfterence .... .. .. .. .. .. .. .. .. 7 8 8 12 

lrluImum •• 88 8586 8785 8583 8282 83 8. 85 •• 

1--- - - -
Jrl1nImum •• 79 7878 7978 80 78 7778 76 78 78 77 

-
Dlaerence •• 9 7 8 8 7 6 II II , 

71· 
7 .. 

(Hygrograph readings.) 

1924-25. 

September. I October. I November. I December. January. I February. 

2 9 16 23 30 7 U 21 28 , 11 18 25 2 9 16 23 31 7 14 21 28 , 11 18 25 

- - - - - - - - - - - - - - - - - - - - - - - - - -
84 88 87 90 89 89 92 91 93 91 86 86 88 85 84 8. 89 90 85 85 76 81 87 82 79 98 

- - - - - - - - - - - - - - - - - - - - - - - - - -
77 78 77 77 76 72 74 70 85 62 64 59 63 58 59 6S 62 68 56 5. 51 51 51 52 52 58 

- - - - - - - - - - - - - - - - - - - - - r- - - - -
7 10 10 13 13 17 18 21 28 29 22 27 25 27 25 21 27 82 29 81 25 80 88 80 27 85 

1925-26. 

88 88 87 89 97 99 99 93 98 96 93 91 95 90 88 91 8~ 91 84 87 8892 8592 9497 

- - - ~ - - - - - - '-- -
82 78 77 75 77 " 75 78 n 7' 72 78 8584 '1 83 6D 85 85 67 8081 83 6a 611 84 

- I-- - - - r- - - I- -
, • 10 U 1025 U 15 27 22 21 18 1026 2728 2826 19 10 28 81 2229 UBI 



TABLE No. 79. 

Relative humidity per cent. 

At 8 A.M. 

Month September. 1 October. 1 November. 1 December. 1 January. 1 Febrnary. 

'11111SI25 

, 
Week ending 

1924-25 .. .. .. .. .. .. .. .. .. 88 80 71 66 70 62 64 61 76 82 78 79 87 74 79 66 72 76 61 66 
- - - - - - - - - - - - - - - - - - - - - - - - -

1926-26 .. .. .. 82 88 86 82 84 81 71 83 78 7' 77 82 66 69 63 73 64 63 88 67 71 60 87 61 68 81 - - - - - - - - - - - - - - - - - - - - -
DlJJerence •• .. .. .. .. .. .. .. .. 17 -3 -7 -8 -7 -20 -2 2 13 9 14 16 -1 7 8 6 -16 II. -2 -21 

At 11 A.M .. 

1924-26 .. .. .. .. .. .. .. .. .. 63 64 49 42 46 40 40 40 64 57 64 43 47 41 46 48 37 44 84 26: - - - - - - - - - - - - - - - - - - - - - - - --- ~ 
1926-26 .. .. .. 65 70 66 69 65 46 46 60 43 42 55 58 41 84 38 44 38 47 53 43 44 41 60 36 81 46 

- - - - - - - - - - - - - - - - - - - - - - - - - -Difference .. .. .. .. .. .. .. .. .. 18 -6 6 •• -9 -18 -1 6 16 13 16 -4 -6 -2 1 7 -2~ 8 8 -19 

At 2-30 P.M. 

192'-25 55 50 36 34 39 32 38 87 46 50 48 84 35 86 39 86 28 33 24 21 ------- ----------------------------------------------------
1926-26 .. 66 68 65 68 47 88 39 
~::-------:--- ------------------------------~----------
Difference· .. .. . 16 .. -1 -2 -6 -26 3 5 II 12 15 -8 -5 1 6 0 -15 , -2 

192'-25 
-----'-~--------------------------------------------------------
1926-26 67 66 64 68 63 47' 49 ..; 64 ,51 69 70 48 48 .9 69 62 60 46 42 41 43 54 80 27 
----:----.:.:.1·...:.:...·1...:..:.. -------. -----------------------------------
Difference 15 •. -1 0 -1 -17 2 6 13 8 10 -8 , 7 4 4 19 8 7 



TABLE No. 80. 

Wind velocity.in miles per lwur. 

June. July. I August. 
Weekending 

- 3/10 /17124/ 1 I 81151221291 '112119128 

1924-25 .. .. .. 6·4 6·3 6·3 6·1 7'7 3·9 6'0 8·1 6·0 6·6 "7 6·7 1'6 

- - - - - - - - - - - -
1925-26 .. .. " 5·9 8·4 IH 3·9 6·6 4·9 0·6 4·7 7·1 3'0 1·9 1·3 0·7 

- - - - - - - - - - - -
Difference .. .. . . 0·:; -0·1 1'21 2'2 1·1 -1·0 0·4 3·4 0·9 3·6 2·8 '·8 0·9 

September. 
\ 

October. I November. 

Weekending 

2] \
16

1
23

\30 \ \14121 \28\ \11 118\25 9 7 , 
192(",25 .. .. .. 3·4 2·1 3·0 2·6 5·9 2'7 1·7 1·4 1·8 1·7 1·9 1·9 2·7 

- - - - - - - - - - -
1925-26 .. ... .. 1·9 1'7 1·1 1·6 2·1 1·9 2·6 4·4 1·1 0·7 1·7 2·3 1·' 

- - - - - - - - - --
Difference .. .. .. 1·5 0·4 1·9 1·0 3'8 0·8-0·9-3·0 0·5 1·0 0·2~·4 

I 
1· 3 

December. I January. 
/ 

February. 

'Week encling 

\ 
116\23131 \ \14121 \2S\ III \18

1
25 2 9 7 , 

1924-25 .. .. .. 2·3 0·6 2·3 0·9 1·3 1·3 2·0 

~t 
1·3 1·1 1·6 3·8 

1-

1925-26· .. .. .. 2·4 2·7 1·3 1·3 1·1 0·4 1·1 2'0 2·0 1·7 2'7 2·7 1·8 

- - - f- - - -
Difference .. . . .. ~·1 -2·1 1·0 ~·4 0·2 0·9 0·9 1-0.6 ~., ~·4 -1·6 -1·1 2·0 



Year. 

1924-25 .. .. 

1925-26 .. .. 

Difference .. ' .. 

Year. 

1924-25 .. .. 

1925-26 .. 

Difference .. .. 

TABLE No. 81. 

Evaporating power oj the air in c,cs. 

(Outside the cage.) 

September. I October. 

'37,7 

I November. 

2 I 9 116123130 I 7 
114121 1

28
1 

4 In 1 
18

1
25 

.. .. .. .. .. . . .. .. . . . . .. 471 491 575 

-- - -------- - -- - - - --
.. .. .. . . 594 659 696 745 647 588 558 520 485 501 

- - - ---- - - - ----- -
.. .. .. " .. .. . , .. . . .. . . -49 6 74 

December. I January. I February. 

2 1 9 116123131 r 7 114121 1 28 [ 4 III 1
18

1
25 

. . 497 343 365 385 426 421 464 404 421 442 448 535 756 

------ - -- - -- - - --- -
.. 602 574 462 515 441 417 549 559 563 397 667 721 592 

---------------- - - - --
•• -105 -231 -97 -130 -15 4 -85 -155 -142 45 -219 -186 164 -



Month 

Weekendlnl 

TABLE No. 82. 

Compari8rm 0/ relative humidity per cent in8ide and out8ide the cage. 
(Instrument used-Hygrometer.) 

1924-25. 
At 8 A.M. 

I September. I October. I November. I December. 1_ .January. I 
I 21 91 18 123 lao I 71 H I 21 I 2S I 

February. I March. 

Inalde the calle .• .:.:..::.....:.:..::.....::.....::.... ~ ~I..!!.. ~ ~ ~ ~ ~ 83 83 82 SO/85 77 83 75 75 ~~-'!.~...::..-" , ---
OutBIde the cage .:.:. .:.:. .:.:. .:.:. .:.:. .:.:. ~ ~I~ ~ ~ ~ ~ ~ 78 82 78 79 87 74 79 85 72 758165 ••••.• ---

-11-=28t 
------

Dllference •••.•••••••••• 87885959 714 10 8 2 5 2 •• •• .• 

At 11 A.M. 

lnalde the calle •• . • • • • • "",," .. "j" ...... r .. " "'I" .. " ............ "I" "F. ---
Outelde the cage. • • • • • • • •• •• •. 83 64 49 4~ 48 40 40 140 54 67 54 43 47 41 45 48 87 " 34 281-::- -::- -.-. ---
Dllference •• •• •• .• • • •.•••• 18-841131188 .• 4 •• 51641-1 •••••• 

At 2-30 P.M • 

Inalde the cap •• .. .. .. .. .:.:..:.:...!!...!!...!!...!!...!!. ..!!.l..!!. ~ ~ ~ ~ ~ --'!..~ --'!.. ~ ~ ~ -'-' F....::.. ----
Outelde the calle .. .. .. .. •• •• 55 60 88 S6 S9 81 88 87 48 60 48 84 86 18 89 88 28 88 26 21 •• •• • • ------------- ------------- -Dllference .. .. .. .. .. • • • • -I -1 -1 . • -1 4 -1 -I -8 -I •• -1 •• •• -1 .. -1 4 1 1 .. .. •• 

At 6 P.M. 

l_~_ .. .:.:..:.:.t.:.:.~~~~~..!!...!!.--'!..~~~~w l.~l *~ .... Outeldo th,_ ...::....::....::....::....::. •• M 811 ~~ 68 ~~~~ 82 ~ 67 ~~~ 651~~ 88 84 28 .. =: .. 
DUJerence ... • .. .. .. .... 0 -I -a -I -8 .. I -1 1 .. 1 •• 1 -1 I -1 1 -1 1 ........ 

I 



TABLE No. 82-(contd.) 

CompariBon oj relati,?e humidity per cent inside and out8ide the cage. 
(Instrument used-Hygrometer.) 

1925·26. 

At 8 A.M. 

Month I· September. 1 October. I November. I December. 1 January. I February. I March. 

Weak endins. 121 9 116123130 17114121 128 1 4111 1 18 125 1 2 -
Inside the case •. 88 93 89 86 90 81 74 87 80 79 82 86 75 61 65 76 66 79 87 70 83 64 30 61 ., 00 00 00 - - - - - - - - - - - - - - - - - - - - - - - - - - - -Outside the cage. 82 88 86 82 84 81 7.1 83 78 74 77 82 66 59 63 73 64 63 88 67 71 60 87 61 .. 00 .. 00 - - - - -
Dlfterence 00 6 Ii 3 4 6 00 3 4 2 6 Ii 4 9 2 2 3 2 16 -1 8 12 4 S 00 00 00 00 .. 

At 11 A.M. 

Inside the cage •• 68 74 72 57 56 49 48 ~I~~~ 59 44 37 39 46 41 53 57 44 43 43 62 86 .. 00 .. .. 
Outside the cage. 66 70 66 59 65 46 45 ~I~~~ 58 41 34 88 44 38 47 53 43 44 41 60 86 

Difference .. 3 4 6 -2 1 3 3 1 0 3 2 1 3 3 1 2 8 6 4 1 -1 2 2 

At 2·30 P.M. 

Inside the cage.. 61 61 58 64 47 87 88 00 38 38 46 56 36 32 35 39 34 43 42 37 34 36 45 31 00 

Outside the cage. 56 58 56 53 47 38 39.. 37 36 45 58 35 32 85 88 33 42 40 35 33 36 43 29 .. 

.. 
00 

.. 

00 

.. 

.. 

-----------------------------
Difference 5 8 3 1 0 -1 -1 •• 2 1 -2 1.. 2 2 1.. 2 2 .. 

At 6 P.M. 

Inllde the cage .. ~\~~~~~~_._. ~~~~~~~~~~II~~I~~~~_._. -'-' -'-' -'-' -'-' 
Outside the cage 67 66 64 68 53 47 49.. 54 51 50 70 48 48 49 59 62 60 46 4~[ 41 43 54 80 00 00 00 .. 00 5 
Difference " s Ii "6 s '2 -=2 -1-.-. --=i -=a -1 --:g -=2 -1 4 -=2 -=4 4i -=2 -.-, l--=i -.-. -5 -3 -.-. -.-. -.-. -.-. -00 CQ 



TABLE No. 83. 
Compari8on of the weekly mean maximum temperatures in Fahrenheit iniide and outilide cage. (Six's Maximum a?Ul 

Minimum Thermometer.) 

Month 

Weekending 

wide the cage 

OutBlde the calle 

D11ference .. 

IDllde the cage 

Outelde the cage 

DUlerence .. 
, 

InAlde the calle 

Outelde the calle 

D11ferenol .. 

JDlldethe_ 

Outeld.th ..... 

D1l1erence .. 

2 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. 91'6 

.. 91·11 

.. -(l'B 

1924·25. 

September. October. November. December. January. I FebruarJ. 

9 18 2S 80 7 14 21 28 , 11 18 25 2 9 16 2S 81 7 14 21 28 

------------------- - - - - - - - - - - -
.. .. .. .. .. 90'6 92·5 94'1 94'1 90'1 89·0 89'4 86'9 86'9 80'6 88'0 90'0 83'S 80'4 76'0 81'6 -------------- ------
•• .. .. .. .. 91'8 93'0 96'1 95'8 91'5189'490'387'187'286'7 91·091'684·' 87'3 77'8 82'0 -------------- -----
.. .. .. .. .. -0'7 -0'5 -1'0 -1'2 -1'4-0'4-(l'9-(l'2-(l'3-1'1 -8'0 -1'6 -1'1-2'0 -(l'8 -(l" 

.. .. ----
----

Weekly mean minimum temperature in Fahrenheit. 
1924·25. 

.. .. .. 67'4 68" 60'7 69'6 69'054'868'164'158'3157'257'3 

•. •. •. 66'7 67'8 58'3 56·6 57'750'656'750'750'6156'75"9 

.. .. .. 0'7 0'8 2" S'O l'S S'2 1" 8" 2·7 0'6 II" 

Weekly mean maximum temperature in Fahrenheit. 
1925-26. 

~I!:!.~~~ 
110'8 110'6 98'9 100" 101'6 

~~ ' .... ~ ... ~I'.!:!~~.'.!:!~ 
100'S !!.:.!..~~~ 92'81~~~~~ -.. -10:8 H - .. -1-6 1'0 1'0 1'9 .. 1'7 0'11 0" 8'6 20'8 0" 

Weekly mean minimum temperature in Fahrenheit. 
1925·26 . 

52'649'447'445'144'4 -----
49'0 47·S 46'1 4S'0 41'8 -----
S'6 11'1 II'S 2'1 11'8 

'.!:!'.!:!'.!:!'!:!~ 8"885'688'898'286'1 -----
0'8 -(l'20'1 -(l'1I 'B 

, 11 

- -
89·1 82'9 
- -
89'7 84'4 

-(l'6 -1'0 

"·847·0 

41'14S" 

B'7 B'6 

18 

8S' 

85' 

8 

8 

o -2' 

40' 

'S' 

I' 

II 

6 , 

~~". 9S'196'6 .. 

0'6 '6-'0-

1 

6 

. " .. ~~~~~~~~~~~~ ".~~~~~~~"~ .. 7I\'B 7S" 71'8 70·1 71'0 06'8 17'806'8 1\8'8 H'O 64'1\06" 66'1\68" ~6"1 ~~ 67-1 ~~ ".166.1~f6 ... -- ------
•• 1'1 0'8 1'1 1·, 0'1\ 1'1\ 1'1\ 0'8 1'8 1'1 I·, 8·1\ 8'8 "1 "0 .·S "2 1'7 I" 1'1 11'1111'11 1'8 1'6 i·i 

CIS 
00 
Q. 



TABLE No. 83A. 

Compari8on of the evaporating-power of the air in C.C8., imide and outaide the cageJor the year8 1924-25 and 1925-26. 

1924-25. 

Month 

Week ending 

Inside tbe cage .. .. 

()utBlde the cage .. 

Dilference .. .. 

"% evaporation of inside 
the cage. 

Inside the cage .• .. 

()utBlde the cage .. 

I septem-I 
ber. 

.. .. .. 
-

.. .. . . 
- -

.. .. .. 
- -

.. .. .. 

322 372 381 

- -
694 659 696 

-
Dlfferenoe • • • . -272 -287 -295 

% low evaporation 01 out- 64 -2 66 -4 
- side the cage. 

54·7 

October. I November. I December. I January: 1 February. 

4111118125 

. . .. . . . . 230 257 263 248 186 .:I~ 230 177 239 252 221 189 231 267 813 

- - - - --------------
.. .. .. .. 471 491 575 '497 343 365 385 426 421 464 404 421 442 448 535 766 

- - - - - - - - - - - - ----------------
. . .. . . . . -141 -234 -312 -249 -157 -193 -185 -196 -244 -225 -162 -200 -253 -217 -268 ' -443 

- - - - - - - I- - - ------i----r------
.. .. .. 1 .. 48-8 62-3 45·6 49-9 54-2 47-1 51·9 54-0 42·0 51·5 62-4 52-5 42-8 61-6 49-9 41-4 

1925-26. 

390 311 294 276 226 236 239 275 271 198 239 180 188 265 273 255 177 307 366 S10 

- - - - - - - - - - - - ----------------
745 647 588 558 520 485 601 602 574 462 515 441 417 549 559 663 397 667 721 592 

- - - - - - - - - - - f------------------
-355 -33,6-294 -283 -294 -249 -262 -327 -S03 -264 -276 -261 -". -'" -= ..... -'" ..... ..." 1-'" ----
52-3 48-150·0 49-3 4S-5 48-7 47-7 45-7 47·2 42-9 46-4 40-8 45-1 48-3 48·8 45-S 44-6 46-01 60-8 &2·' 

w' 
00 ... 



382 

Date of sowing 

Period ending 

2nd September 
9th September •. 

1I3rd September, , 
7th October •• 

21st October .' 
4th November 

18th November,. 
2nd December,_ 

16th December __ 
30th December __ 
14th January • _ 
28th January .. 
lOth February __ 
25th February __ 

Date of sowing I 

Period ending 

2nd September .. 
9th September .. 

16th September .. 
23rd September .. 
30th September .. 
7th October ., 

21st October 
4th November - __ 

18th November .. 
2nd December .. 

16th December .. 
30th December .. 
14th January " 28th January -. 
lOth February .. 
25th February . . 

T.uLBNo.M. 
Compari8on oj 'M depth and length oj 1M lap-root. 

_. 
--.. 
.. -, 
--
,-
-, 

--.. ., 
-, 
--
-, 

Protected. plants. 
(Average of 4 to 5 plants.) 

15·7·1929. 3·7·1930. 

1929·30. I 1930·31. 

Depth. 

I 

Length 

\ 
Depth. I Length. 

ems. ems. cmB. cmB. 

_. .. 45'S 60'2 
45'58. 57-33 .. .. 
56-33 66'33 .. . . 
76-33 87-50 65-00 82-50 
87-67 102'17 70'90 87-40 
87-50 ll2-58 91-20 109'90 
94-90 llO-50 93-00 ll7-40 
95'10 109-20 99'00 ll7-00 
85-50 108'75 113-80 124-00 

101'00 120-20 70-50 97'40 
87-60 109'60 78'20 84-80 
91-70 ll8'90 97-60 117-00 
84-25 101-75 84-20 102'00 

_. .. 87-4 109-3 

TABLE No. 85_ 

2·7·1931. 

I 1931·32. 

I Depth. I Length. 
cmB. cml8. 

. . . . .. . . 
47'21 63'21 
52'25 6"96 
64-16 M'16 
64-75 75'60 
63'83 74-33 
76-40 70-20 
90-60 98'75 
91-00 95-60 
86'/10 103-75 
81-25 97'25 
86'75 105-70 
95'50 106'60 

Number oj large and 8mall rootB oj the 18t order. 
Protected plants_ 

(Average of 4 to 5 plants_) 

15-7-1929_ 3-7-1930_ 2-7-11131. 

1929-30_ I 1930-31. I 1931-32. 

Large. I Small. I Total. I Large_I Small. I ~otal'l Large. I Small. Total. 

7'2 25.60 32_8 S'8 33.4 42.4 .. .. .. 
9'83 18'83 28'66 .. .. . . .. . . .. 
9'67 20'83 30'50 . - .. . . 6'33 35'5 41'83 

10'17 22-83 33'00 10-0 34-0 44'0 5'60 37'06 42-66 
13'0 24'50 37·50 11-2 24·2 35·4 .. . . .. 
13'50 37'33 50'83 IS-6 38-2 56-8 12'00 38-00 50-00 
15-84 41-67 57'51 19-0 26-0 45-0 U-5 29-33 41'83 
16-33 56-50 72-83 20-4 40-0 60-4 17-83 41-0 58-83 
17-00 56-60 73-60 28-0 32-6 60-6 19-5 34-5 64-0 
20-60 47'SO 6S'40 21-6 34'4 56_0 21'2 29-2 50-4 
22-75 42'75 ~5-5 21-0 31-8 52-S 23-75 31'75 51i-5 
22-4 41'SO 64'20 19'0 25-8 44-8 23'75 33-0 57-25 
20-4 47-80 68-20 20-6 33'4 64'0 22-25 33'0 55-75 
19'8 39-20 59'00 21'4 30'6 02'0 20-00 29-25 64'25 
2~-25 45'00 66'25 20'4 21'0 41'4 19-25 23'25 42-50 

I.· .. .. 21-4 27'4 1 48'S 25'75 2S'25 64-00 



TABLE No. 86. 
Length in ems. of roots of the 1st order. 

Protected plants. 
(Average of 4 to 5 plants.) 

Date of sowing 15-7-1929. 26-6-1930. 

Period ending 1929-30. 1930-31. 

2nd September 182'3 192'5 
9th September 238'5 rain. 

16th September .• 237-25 
23rd Septem ber .. 299-67 266.0 
30th September .• 491-42 359'6 
7th October 537-53 655'2 

21st October 770-42 891-6 
4th N'ovember 1006-55 895'2 

18th November 1062'5 1457'6 
2n:i December 1175'3 1461'5 
18th December .• 1228'0 1277'5 
30th December .. 1342'6 1005'9 
14th January 1196' 6 1085'6 
28th January 934,1 1382'9 
10th February 1199'36 ·1193'2. 
25th February 1074' 6 

TABLE No. 87. 
Number of large and smaU root8 of the 2nd order. 

Date of sowing 

Year 

Protected plants. 
(Average of 4 to 5 plants.) 

15-7-1929. 3-7-1930. 

1929-30. 1930-31. 

383 

2-7-1931. 

1931-32. 

190'33 
193'43 

358'37 
374'83 
463_41 
896'75 

1286'60 
1494'25 
1302'25 
1366' 0 
1353'25 
1133' 75 
1582'0 

2-7-1931. 

1931-32. 

Period ending I Large.] Small. \ Total.] Large. \ small.] Total.] Large. \ small.] Total. 

2nd September .• / 
9th September •• 

16th September •• 
23rd September .• 
30th September " 
7th October .. 

21st October 
4th November 

18th November 
2nd Deoember 

16th Deoember 
Oth December 

14th January 
3 

2 

2 

8th January 
10th February 
5th February 

.. .. .. .. .. .. .. .. .. .. 

1·4 
0·33 
1'5 
2·67 
1·83 
2·33 
4·33 
8·5 
7'4 
8·0 
5·5 
7'0 
5·4 
6·8 
6·25 .. 

88·4 89·8 1'6 
135·33 135·66 " 
107·33 108·83 " 
138·66 141'33 5·6 
202'17 204'00 6·6 
221·0 223'33 10·2 
259·17 263'5 9·2 
350·0 358·5 14·2 
411·6 419'0 23·4 
461·5 469'5 30·8 
337·0 342·5 25·0 
374·4 381·4 20·0 
456'4 461'8 18·2 
273·6 280'4 22·8 
388·5 394'75 16'4 . . .. 14·8 

129·0 130·6 .. .. . . .. rain. .. .. .. .. .. 2·33 107·67 110·01 
107·2 112·8 1·83 85·08 86·91 
93·0 99·6 .. .. .. 

244·0 254·2 2'75 110·0 112· 75 
206·2 215·4 5·83 111·5 117·33 
156·8 171·0 14·33 234·5 248·83 
286·4 309·8 23·33 202'67 226'0 
274·6 305·4 25·8 269·8 295·6 
160·4 185·4 28·0 260·0 288·0 
190·4 210·4 27·0 316·0 343·0 
227·8 246·0 31·0 295·0 326·0 
277·0 299·8 19·75 239·25 259'0 
261·0 277·4 25·25 191·75 217·0 
.186·2 .201·0 28·25. 325·25 353·50 



TABLE No_ 87A_ 

Length in C1M_ 0/ rools 0/ the 2nd order_ 
Protected plants_ 

(Average of 4 to I) plants_) 

Date of Bowing 15-7-1929_ 26-6-1930. 

Period ending 1929·30_ 1930-31_ 

2nd September 
9th September 

16th September 
23rd September 
30th September 
7th October 

21st Ootober 
4th November 

18th November 
2nd December 

18th December 
30th December 
14th January 
28th January 
lOth February 
25th February 

Date of sowing 

15-8 19-6 
8-17 

41-67 
52-08 113-0 
57-92 163-6 
81-92 247-1 

177-06 345-4 
337-17 444-S 
364-5 886-4 
300-0 1135-8 
214-5 1105-2 
284-10 821-5 
146-20 784-6 
268-1 1082-0 
308-76 589-0 

542-0 

TABLE No_ 88_ 

Number oj large and small rools oj the 3rd orde,_ 
Protected plants_ 

(Average figures of 4 to [) plants_) 

15-7-1929 __ 26-6-1930_ 

2-7-1931_ 

1931-32_ 

33-83 
U-17 

73-25 
140-66 
379-0 
804-91 
972-4 

i059-0 
946-75 

1267-211 
697-5 
8411-211 

1037-711 

2-7-1931_ 

Yeai' 1929-30_ 1930-3~_ 1931-32_ 

Petiod ending I Large_I Sm&1l.\ Total_I Large_I Sm&~_1 Total. I Large_lsm&11.\ Total_ 

2nd SepteD).ber __ -- 6-4 6-' 0-0 11-4 11-4 -- . . .. 
9th SepteIQber •• .. 2-5 2-5 -. .. rain_ .. . . . . 

16th September _. -. 15-00 15-00 .- .. -. '- 14-83 14-83 
23rd September __ .. 24-67 24-67 0-2 31-0 31-2 0-16 12-67 12-83 
30th September __ -. 24-83 24-83 1-0 32-2 33-2 -. .. 
7th October -- .. 43-83 43-83 2-2 62-4 64-6 _. 25-0 25-0 

21st Ootober -- .- 63-50 63-50 0-4 67-6 68-0 1-33 28-83 30-16 
4th November __ 0-33 129-17 129-50 2-2 72-8 75-0 0-83 134-67 135-5 

18th November _. 0-40 144-0 144-' 3-6 153-6 157-2 7-66 159-34 167-00 
2nd December __ • 0-20 126-60 126-8 4-0 170-8 174-8 3-0 122-2 125-20 

16th December -- 0-25 67-25 67-5 7-0 119-0 126-0 6-25 129-5 135-75 
30th Deoember .. -. 84-40 84-40 2-6 112-6 115-2 9-50 139-25 148-75 
14th January ., 0-20 57-SO 58-0 2-8 HO-6 113-' 4-0 218-0 222-00 
28th January .. 0-20 76-0 76-2 4-0 180-6 184-6 3-0 113-25 116-25 
10th February -. -0-25 101-0 101·25 1-8 101-2 103-0 5-50 122-25 127-75 
25th February .. . . -. .. 0-8 . -75-6 --76-4 

- -
3-50 171-75 175-25 

, 



Date of BOWing 

Period ending 

2nd September 
9th September 

16th September 
23rd September 
30th September 

7th Ootober 
21st Ootober 
4th November 

18th November 
2nd De08mber 

16th Deoember 
30th December 
14th Janua.ry 
28th January 
lOth February 
25th February 

TABLE No. 89: 
Length in emB. of roots of 3rd order. 

Protected plants. 
(Average of 4 to 5 plants.) 

15·7·1929. 

1929·30. 

Not measured 
roots 

80 far. 
5·58 
5·60 
6·0 
3·0 
0·0 

'2·40 
2·80 
6·5 

TABLE No. 90. 

26.6·1930. 

1930·31. 

rain. 
5·8 

17·1 
34·6 
4·0 

61·0 
136·4 
81·3 

238·6 
64·6 
64·8 

105·2 
56·2 
12·0 

Total number of large and small roots of aU orders. 
Protected plants. 

(Average of 4 to 5 plants.) 

1929·30. 1930·31. 

2·7·1931. 

1931·32. 

3'79 

17·58 
40·25 

179·83 
125·4 
179· 5 
384'75 
71·0 
69·75 

158·0 
106·25 

1931·32. 

Ppriod ending 

Large., small., Total. Large. I sma.ll.j Total. Large. I small., Total. 

2nd September .. 8·60 120·40 129·0 10·4 17.3:811~~'2 .. .. . . 
9th September .. 10·16 156·66 166'82 .. .. .. .. 

16th September .. 11·17 143·16 154·33 .. .. .. 8·66 158·00 166·66 
23rd September .. 12·84 186·16 199·00 15·8 174·8 190·6 7'59 135·97 143·56 
30th September .. 14·83 251·50 266·33 18·8 151·4 170·2 .. .. .. 

7th October .. 15·83 302'16 317·99 31·0 350·0 381·0 14·75 173· 00 187·75 
21st Ootober .. 20·17 364·34 384·51 28·6 300·8 329'4 19·67 170·50 190·17 
4th November .. 25·16 537·67 562·83 37·0 281·0 318·0 32·99' 426·16 459·15 

18th November .. 24·80 614·20 639·00 55·2 503·8 559·0 50'50 432·17 482·67 
2nd Deoember .. 28'80 638·50 667·30 56·4 491·0 547·4 50·20 437·60 487·80 

16th Deoember .. 28'50 454·50 483·00 53·8 338-0 391·8 58-00 444-50 502·50 
30th December .. 29'40 500·6 530·00 41·6 337·2 378·8 60'2~ 534·0 594·25 
14th January .. 26·00 562·8 588·80 41·6 377·6 419·2 57·2 555·50 612·75 
25th January .. 26·8 390·2 417·00 48-4 511·0 559·4 47·75 391·25 439·00 
10th February .. 27·75 535·75 563-50 38·6 393·0 431·6 50·0 358·0 408·00 
25th February .. .. .. .. 37·0 301·0 338·0 57·5 541·25 598·75 

411 



Tox..No.91. 

Total feftgtTa in CfM. oJ all roo's. 

Protected plants. 

(Avera.ge of 4 to Ii pIa.nte.) 

Date of sowing 15·'.lg2g. 26·'·1930. 1·7-1931. 

Period ending 1929·30. 1930·81. 1931·82. 

2nd September 253·30 262·30 

9th September 304'0 rain. 

16th..September 336·67 277·32 

23rd September 418·08 462·60 28',' 

30th SepteJDber 622·61 612·8 

. 7th October '706·95 1019·6 688'67 

21st October 1049'65 1328" 697·28 

'th November 1461'88 1512·6 958·18 

18th November 1543·10 2601·' 1955·82 

2nd December 1590'50 2795·6 2'59,0 

16th December 1554·25 2757·3 2831·50 

30th December 1'746·90 1889·4 2729·26 

14th January 1454·80 2019·8 2808·0 

28th January 1323·90 2694·. 2217·70. 

19t1l FebnJary 1816·a6 19'0" 2242·7 

25th February 1737·8 2832" 



TABLE No. 92. 

Periodical feeding zones of roots. Number of root-tip8 of large roots fourul in different layers of the soil. 
Plants grown protected against the 8potted boll-worm. 

1929-30. 

Depth in ems. 1 9/9 I 23/9 I 7/10 I 21/10 I 4/11 1 18/ 11 I 2/12 1 16/ 12 I 30/12 I 14,/1 1 f8/1 1 10/2 

1-10 •• .. 2'0 0·67 0·33 0·66 0·66 0·25 .. 1'5 0·4 0·6 I 3·4 0·70 

11-20 .. .. 0·67 9·17 4·99 9·99 0'16 7·25 8·0 10'0 6'6 6·6 10·0 6·25 

21-30 •• .. 1·67 2·67 7·99 3'88 0'83 6'00 7·6 4·20 8'6 6'0 4'8 7'0 

31-40 •• .. 0'0 0'33 2·33 2·66 4·66 2'50 8'. 3·70 2·8 3·4 1·2 3'70 

41-50 •. .. 0'17 .. 0'0 2'0 4'0 3'0 2·2 4·25 3'2 3·0 2·4 3'0 

51-60 •• .. 0'0 0·83 0·66 0'33 1·49 1'25 0·4 1·70 3'2 1·2 1·2 4'0 

61-70 .• .. .. .. .. 0'16 0·99 1'00 1'0 1'25 2'0 2·0 1·6 0'75 

71-80 .. .. .. .. 1·0 0·16 1·16 0'5 0·6 .. 1'2 0·6 0·8 0·25 

il-90 .• .. .. .. .. 1·33 1·82 0'70 .. 1·25 0'25 1·6 0·4 2'0 

91-100 .. .. .. .. .. .. 0·16 1·25 1·4 0·25 0'80 .. 1·6 .. 
101-110 .. .. .. .. .. .. .. .. 0·2 0·25 1'4 . . 0·2 .. 

I 
I 

111-120 .• .. .. .. .. .. .. I .. .. .. 0'20 .. .. .. 



TABLE No. 93. 

PeriodicaZ Jeeding zones oj roots. Number oj root-tips oj large roots Jound in different layers oj the soil. 
Plants grown protected against the spotted boll-worm. 

1930-31. 

Depth in ems. ' I 8/10 I 22/10 I 0/11 1 19/ 11 I 3/12 117/12 I 31/12 I 14/1 I 28/1 I 11/2 I 20/2 
, 

1-10 .. .. .. 2·4 2·2 0·4 2·8 2·.' 1·2 0·' 0·4 0·6 0·' 1'0 

11-20 .. .. .. 10·8 11·4 10·6 19·4 15·4 15·6 13·0 9·4 6·2 10·0 12·0 

21-30 .. .. .. 8·2 0·0 10·0 12·' 9·6 10·' 9·2 

I 
9'8 13·2 8·6 6·8 

31-40 .. .. .. 1·8 3·' 3·8 0·6 6·0 0·0 6·0 7·0' 6·2 3·8 4·8 

41-00 .. .. .. 1·2 3·0 2·2 3·2 0" 0·2 2·2 2·8 4·6 2·6 2·, 

1S1-60 .. .. .. 1·2 1·6 I·' 1·8 2·8 2·8 3·2 2·6 3·6 2·6 3·2 

61-70 .. .. .. 1'0 1·6 0·8 1·8 ,·0 3·8 3·8 2·2 3·6 3·2 2·6 

71-80 .. .. .. 0·2 0·6 1·2 '·0 3·2 1·8 2·6 2·8 1·6 I·, 1·2 

81-90 .. .. .. 0·2 0·4 I·' 3·0 3·0 3·4 1·6 2·8 3·' 2·' 1·8 

91-100 .. .. .. .. 0·' 0·6 0·6 I·' 1·8 0·2 2·2 '·6 3·0 I·' 
101-110. .. .. .. .. .. 0·6 0·6 2·2 1·2 0·' 0·2 0·6 0·6 0" 

111-120 .. .. .. .. .. 0·2 0·8 1·' 1·6 .. .. 0·6 0·6 0·2 

121-130 .. .. .. .. .. .. .. 0·6 0·' .. ., 0·' 0·2 .. 
131-140 .. .. .. .. .. .. 0·2 0·2 0·6 .. . , 0·2 . . .. 
141-1110 .. .. .. .. I .. .. .. .. .. .. 0·2 .. .. .. 
171-180 .. .. .. .. .. .. .. .. .. .. .. .. 0·2 .. 
221-230 .. .. .. .. .. .. .. .. .. .. 0·2 .. .. .. 



TABLE No. 94. 

Periodical/eeding zone8 0/ root8. Number 0/ root-tip8 o/large roots/ound in different layer8 0/ the 80il. 
Plants grown. protected again.at the 8potted boll-worm. 

1931-32. 

Depth in ems. I 22/10 5/11 19/11 3/12 16/12 I 30/12 I 13/1 1 27/1 I 10/2 I 24/2 

-
1-10 ... " .. 1·83 1·67 1·67 0·4 .. 0·25 0·25 .. 0·25 .. 

11-20 .. .. .. 9·5 15·5 16·0 13·4 9·25 10'75 8·5 6·0 8·5 7·0 

21-30 .. .. .. 5·67 8'83 12·33 9·8 15·5 16'25 15·0 9·0 10·75 13·25 

31-40 .. .. .. 2·0 3·67 7·5 7·8 7·75 8'5 10·25 11·5 10·25 12·25 

41-50 .. .. .. 0·67 2'83 5·67 8·4 8·0 3'5 7·75 5·75 6·5 7·75 

~1-60 .. " .. 1·0 1·17 4·5 4·8 5·25 I 6'5 5·25 5·5 4·5 3·75 

-61-70 .. .. .. . . 0·17 2·83 3·6 5·5 i 3·25 3·0 3·25 4·0 5·75 

71-80 .. .. .. .. .. 0'67 1·8 3·75 5'75 1·75 5·0 2·5 3·5 

81-90 .. .. .. .. .. 0·33 1·0 2·25 4'25 2·75 2·0 2·0 3·25 

91-100 .. .. .. .. .. .. 0·2 1-5 2'0 3'0 0·75 1·5 1·75 

101-110 .. .. .. .. .. .. .. 0·25 0·25 0·75 .. 0·25 0·25 



"300 

TAlILE No. 95. 

Dry matter 0/ roots m gTtJmmu. 

Protected. Unpl'Otlected. 

Date of sowing 16-7-29.\ 26-6-30.\2-7-31. 111-7-29.1 1&4-30.12-7-31. 

Period ending 1 1929-30. I I 93()-31. 11931-32.11929-30. 1193(}-31.11931-32. 

2nd September .. .. . . . . '·61 . . · . 9th September .. 0·81 .. .. .. .. · . 
16th September .. .. .. 0·67 1·0 .. 0·87 
23rd September .. 2·53 1·' 1·00 .. 1·, 1'0 

30th September .. .. 2·08 .. a·sa 2·08 1·06 
7th October .. 3'74 3·" 2·49 .. .. 2"9 

14th October .. .. .. . - 5,'11 4·9 .. 
21st October .. 7'79 4·60 • 2·67 .. .. .. 
28th October .. .. .. .. ",48 6·8 ,·715 
4th November .. 13·55 7·04 4·67 .. .. .. 

11th November .. .. .. .. 11·6 8·0 "'15 18th November .. 12·92 9·60 12·67 .. .. .. 
25th November .. .. .. .. 21·0 16·0 14·8 
2nd December .. 13·6 13·00 18·00 .. .. .. 
9th December .. .. .. .. 25'! 15·6 19'0 

16th December .. 15·8 16·20 18·75 .. .. .. 
23rd December .. .. .. .. 38·11 24·0 21·25 
30th December .. 19·5 18·00 1701,0 .. .. .. 
7th January .. .. .. .. 41·63 24·215 26·25 

14th January .. 19·0 17·60 19'50 .. .. . . 
21st January .. .. .. .. '1·15 30'0 215·13 
28th January .. 20·0 20'00 20'00 .. o' .. 
3rd February .. .. .. .. 45-0 24-00 28-0 

11th February .. 21'4 19·80 21'50 .. o. · . 
17th February , .. .. .. .. 37·0 28·25 28·0 
25th February .. .. 19·40 20-00 .. o. .. 
4thMa.rch . " .. .. .. 31·76 28·75 29·76 

11thMa.rch .. .. .. .. . . 26·25 27·87 



TABU; No. 96. 

Average progressive height of the main 8tem, in centimelera, in p'Totected plants. 

Yeats 1926-27. I 1927-28. 1928-29. I 1929-30. I 1930-31. I 1931-32. 

Period I Height I Pe~od I Height I Period I Height I Period I Heightl Period IH:x!~tl Period IHeight 
Ending ems. ending. ems. ending ems. ending ems. ending ending CIns. 

Number of D I 9 19 18 I 20 I 15 plants 

.. .. .. . . 31st •.. Aug. 19·7 2nd .• Sept. 16·9 1st •• Sept. 13·9 .. . . .. .. .. . . 7th •• Sept. 29·9 9th .. Sept. 24·9 9th .• Sept. 20'5 .. .. .. .. 18th •. Sept. 29·1 14th •. Sept. 44·(/ 16th .. Sept. 35'6 " . . 14th •. Sept. 14·4 

25th •• Sept. 19·1 25th .• Sept. 38·8 28th •• Sept. 76·2 23rd .. Sept. 46·4 22nd •• Sept. 41·2 " .. 
let •. Oct. 23·5 .. .. . . .. 30th .. Sept. 56·2 29th •. Sept. 52·8 28th .. Sept. 26·5 
8th •• Oct. 29·7 9th •. Oct. 51·4 5th •. Oct. 88·5 7th •. Oct. 63·1 6th •• Oct. 64·6 .. . . 

15th •. Oct. 37·4 16th •• Oct. 58·6 12th .. Oct. 96·9 14th. ; Oct. 71·8 13th .. Oct. 75·3 .. .. 
22nd •. Oct. 45'4 23rd •• Oct. 65·6 19th .. Oct. 106·2 21st .. Oct. 81·5 20th .. Oct. 85·8 20th .. Oct. 53·2 
29th .. Oct. 52·4 30th .. Oct. 72·7 26th .. Oct. 116·9 28th .. Oct. 88·8 27th .• Oct. 93'6 26th •. Oct. 59·3 

5th .. Nov. 58·2 6th .. Nov. 79·3 2nd .. Nov. 122·9 6th .• Nov. 96·3 3rd .. Nov. 98·4 2nd .. Nov. 67·0 
12th •. Nov. 64-2 13th .. Nov. 86·8 9th .. No~. 129·9 13th •. Nov. 100·9 10th .. Nov. 103·9 9th .. Nov. 76·8 
19th .. Nov. 70·9 .. .. 16th .. Nov. 135· 3 !20th .. Nov • 102·5 17th .• Nov. 107·8 16th .. Nov. 85·6 

26th •• Nov. 76·3 27th •. Nov. 95·4 23rd .. Nov. 138·4 27th .. Nov. 102·8 24th .. Nov.: llO'2 23rd .. Nov. 94·5 
3rd .. Dec. 80·1 .. .. 30th .. Nov. 139·3 .. . . 1st .. Dec. llO'6 30th .. Nov. 100·2 

10th •• Dec. 82·8 11th .• Dec. 103·5 7th •. Dec. 139'6 .. . . 8th .. Dec. llO'8 7th .. Dec. 104·0 

17th .. Dec. 84~0 .. .. 14th .. Dec. .. .. .. 15th .. Dee. 111'0 14th .. Dec. 107·4 
24th •• Dec. 84·6 25th .. Dee. 108·3 .. .. .. ., 22nd .. Dec. 111·1 21st .. Dec. 110·5 

.. .. .. .. .. " .. .. .. . . 28th .. Dec. 112·9 

.. .. 8th .. .Tan. 110·5 .. .. .. .. .. .. 4th .. .Tan. 114·1 .. " .. .. .. " .. . . .. . . 10th .. .Tan. 114·2 

.. .. 22nd .. .Tan. 110·7 .. .. .. .. . . .. 18th .. .Tan. .. 



TABLE No. 97. 

Large and small brarwhu on the main stem in protected planl8. 

1926-27. 

No. of Limbs. No. of No. of Auxiliar,y branohes. 
Primary 

Plant number. 

I I 
fruiting 

Large. I SmalL I Large. Small. Total. branches. Total. 

1 .. .. .. 7 8 15 31 8 8 16 

2 .. .. .. 7 18 23 27 4 7 11 

3 .. .. .. 4 8 10 U \} 15 14 

4 .. .. .. . . 7 \} 16 29 8 8 18 

5 .. .. . . 8 8 14 35 7 13 20 

6 .. .. .. 3 11 14 42 8 10 18 

7 .. .. .. 4 \} 13 ~r 14 9 23 

8 .. .. .. 3 8 11 35 10 7 17 

\} .. .. .. 9 3 12 25 7 2 9 

Average of nine plants. 5·5 8·7 14·2 32·1 8·1 7·7 16· 8 

1927-2.8. 

12 .. .. .. 7 4 11 33 14 8 22 

14 .. .. .. 7 3 10 U 15 12 27 

15 .. .. . . 2 4 8 37 18 17 33 

17 .. .. . . 4 5 \} 35 18 9 27 

19 .. .. .. 7 8 13 30 13 11 24 

20 .. .. .. 4 5 9 38 12 12 24 
, 

21 .. .. .. 4 3 7 41 18 13 31 

22 .. . . . . 6 3 9 33 19 10 29 

25 .. .. .. 4 5 9 32 14 9 23 

Average of nine plants. 5·0 4·2 9·2 34·8 15·4 11·2 26·8 



TABLE No. -98: 

Large and smaU branches on the main Btem in protected plants. 

1928-29. 

393 

No. of Limbs. No. of No. of Auxiliary branches. 

Plant number. Primary 

Large. I I 
fruiting 

Large., small., Small. Total. branches. Total. 

1 .. .. .. 9 5 14 35 20 9 29 

2 .. .. .. 7 5 12 36 12 5 17 

3 .. .. .. 9 5 14 32 -12 6 18 

" .. .. .. S- 8 14 33 14 8 22 

5 .. .. .. 10 6 16 36 15 6- 21 

6 .. .. .. . . 4 4 40 18 13- 31 

7 .. .. .. 11 1 12 35 15 8 23 

8 .. .. .. 9 6 15 38 19 8 27 

9 .. .. .. 5 6 11 39 20 17 37 

10 .. .. .. 10 3 13 38 17 13 30 

U .. .. .. 7 4 11 33 17 6 23 

13 .. .. .. 6 6 12 33 22 7 29 

14 .. .. .. 4 5 9 34 19 16 35 

US .. .. .. 4 7 11 34 18 9 27 

16 .. .. .. 4 8 12 31 14 7" 21 

17 .. .. .. 7 5 12 30 16 5 21 
- ; 

18 .. .. .. 10 6 16 34 14 8" 22 

19 .. .. .. 5 6 11 33 17 9 26 

20 .. .. .. 10 " 5 15 28 11 3 14 

Average of 19 plants. 7·0 5·3 12·3 34·3 16·3 8·6 24·9 

GO 
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TAlJLlI No. 99. 

Large.cmd smaU .brcmchuon the main stem in protected planU. 

1929.30~ 

No. of Limbs. No. of No. of Awillial'f branchea. 
Plant number. P~ 

I Small. I frwtng 
Large. I Small. I Total. Large. Total. branches. 

---.. .. .. 8 6 14 31 11 15 UI 

.. .. .. 7 9 16 27 7 8 13 

.. .. .. 9 5 14 31 , , 13 

.. .. .. 5 1 6 31 8 15 13 

.. .. .. 4 8 12 28 5 , , 

.. .. .. 10 2 12 31 10 8 18 

.. .. .. 7 8 15 28 10 , 14 

.. .. o • S 5 13 23 7 8 13 

.. .. .. 9. 7 18 28 8 3 11 

.. .. .. 5 4 9 28 11 6 17 

... .. .. 7 9 18 27 12 6 18 

.. .. .. 8 9 17 30 15 8 21 

... .. .. 9 6 15 24 8 7 15 

.. .. .. 11 9 20 25 8 8 18 

.. .. .. 6 8 14 26 9 6 111 

.. o. o. 6 9 111 30 6 8 12 

.. .. .. 5 , 9 28 6 8 12 

.. .. o • 8 7 15 25 11 3 14 
~ 

Average pel' plant .. 7·3 6·4 13·7 27·8 8·9 5·15 1'" 
I 
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TABLE No. 100 • 

.Large and small branches on the main 8tem in protected plant.!. 

1930-31. 

395 

No. of Limbs. No. of No. of Auxiliary branches. 
Primary Plant number. 

Large. I Small. I fruiting 
Large. I Small. I Total. branches. Total. 

., .. .. 6 8 14 31 9 7 16 

.. .. .. 2 7 9 28 5 3 8 

.. .. .. 7 6 13 26 9 3 12 

.. .. .. 8 7 15 25 12 2 14 

.. .. .. 4 10 14 21 11) 2 12 

.. .. .. 5 7 12 24 12 5 17 

., .. .. 6 7 13 30 10 2 12 

., .. .. 3 2 5 30 13 3 16 

.. .. .. 6 7 13 35 11 5 16 

.. .. .. 6 5 11 33 12 3 15 

.. .. .. 9 3 12 32 7 7 14 

.. .. .. 3 5 8 25 11 .. n 

.. .. .. 7 4 11 35 14 8 22 

.. .. .. 4 5 9 25 13 1 14 

.. .. .. 7 7 14 31 10 7 17 

.. .. .. 7 7 14 27 8 4 12 

.. .. . . 6 5 11 31 7 6 13 

.. .. .. 4 6 10 27 10 3 13 

.. .. .. 5 3 8 29 11 3 14 

-- 5 4 9 28 10 2 12 ., .. .. 

Average per plant .. 5'50 5·75 11·25 28·65 10·20 3·80 14_·00 
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" .. 

.TAliLB No. lOl~ 

.Large_ iJInil 8ma~l branches' on tlit main stem .n pr-oteCttd pl<snt.. 

'1931·32. 
- ._- --- .. ---- , -

No. of Limbs. No. of No. of Auxilia.,. branchea. 
Prima.,. Plant number. 

I 
Small. \ 

fruiting 
Large. I Small. I Large. I Total. branches. Total. 

2 .. .. .. 13 2 15 34 , 9 13 
3 8 5 13 36 ' , 

7 U 19 .. .. .. 
4 .. .. .. 9 6 15 33 7 13 ~O 

5 .. .. .. 7 4 11 36 7 9 18 

8 .. .. .. 9 5 14 34 7 9 18 
9 .. .. . . 10 6 16 36 8 8 12 

10 .. .. .. n 8 17 35 7 8 1& 

11 .. .. .. ,11 Ii 16 40 10 8 18 

12 .. .. .. 5 7 12 30 9 7 18 
'13 .. .. .. 6 8 14 35 8 10 18 

14 .. .. .. 3 7, 10 30 6 8 14 

16 .. .. .. 5 9 14 38 9 9 18 

17 .. .. .. 6 5 11 29 5 6 '11 

18 .. .. .. 10 6 16 32 5 6 11 

20 .. '! .. 13 3 16 30 10 4 14 

Average per plant •• .. 8·4 5·8 14-0 33·9 7'0 8·3 lIHI 
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TABLE No. 102. 

Average progreasive vegetative bud-production in the protected 
and unprotected plantB. 

192~27. 1927-28. 192&-29. 

Period ending 
\ Vegetative buds. 

Prot. I Unprot. 
Period ending 

I Vegetative buds. 

Prot. I Unprot. 
Period ending 

I Vegetative buds. 

Prot. I Unprot. 

Number of plante I 10 I 10 Number of plants I 14 I 20 Number of plants I 20 I 20 

.. .. .. .. .. .. Slst Aug • .. 17'20 .. 

.. .. .. 7th Sept. .. .. 33'30 7th Sept. .. 28'65 23'45 

.. .. .. 14th Sept. .. 32'07 53'05 14th Sept. .. 4S'15 86'10 

24th Sept. .. lS'7 .. 21st Sept. .. 51'07 .. .. .. .. 
lat Oct. .. 23'6 28'7 28th Sept. .. .. 110·10 28th Sept. .. 107'20 73'95 

Sth Oct. .. 42'9 49'5 6th Oct. .. 102·00 173'65 6th Oct. .. 144'70 104'90 

15th Oct. .. 67'2 67-4 12th Oct. .. 149·07 228-10 12th Oct. .. 17S'40 138-00 

22ndOct. .. 91-S 94'S 19th Oct. .. 20S-64 270'75 19th Oct. .. 219'50 170-05 

29th Oct. .. 110'8 118-S 20th Oct. .. 249'93 320·10 26th Oct • .. 285·05 223'45 

6th Nov. .. 13S'9 143'1 2nd Nov. .. 291'64 416'95 2nd Nov . .. 329·90 27S'05 

12th Nov. .. 163'2 170'S 11th Nov. .. 356·00 .. OthNov • .. 366'40 312'S5 

19th Nov. .. 190'0 198'0 lSthNov • .. .. 497'65 16th Nov. .. 390'90 337'00 

26th Nov. .. 205-S 218'3 25th Nov • .. 428'00 .. 23rdNov. .. 410·00 360'10 

Srd Dec. .. 226'S 243'5 2nd Dec • .. .. 531,60 30th Nov. .. 421'70 37S'S5 

10th Dec. .. 239'5 257" 9th Dec • .. 481'50 .. 7th Dec. .. 424'90 390'65 

17th Dec. .. 246'1 .. 16th Dec. .. .. 577'30 14th Dec. .. 425·85 401'70 

24th Dec. .. 249'9 284'5 23rd Dec • .. 512'71 .. 21st Dec. .. 426'S5 409'00 

Slst Dec. .. 252'2 .. 30th Dec • .. .. 600'65 28th Dec. .. 426'55 415'45 

7th Jan. .. 264'8 S07-8 6th Jan. .. 527'28 .. 4th Jan. .. .. 421' SO 

14th Jan. .. 258'0 .. 13th Jan. .. .. 619'55 11th Jan. .. .. 424'05 

21st Jan. .. 257'0 S17'8 20th Jan. .. 534'14 .. 18th Jan. .. .. 427'25 

28th Jan. .. 257'S .. 27th Jan. .. .. 626'35 25th Jan. .. .. 430'70 

4th Feb. .. .. S25'8 3rdFeb. .. 535'50 .. 1st Feb. .. .. 430'90 

11th Feb. .. .. .. 10th Feb. .. .. 626'85 8th Feb. r· .. 431'00 

18th Feb. .. .. 328'8 .. .. .. .. .. .. 
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'TABLlI No. lO2-(contd.) 

Average progre88we vegetatiw bud.prod'UCtitm in the protected 
and unprotected plants. 

192~30. 1930-81. .11131-81. 

I Vegeta. tJve buds. I Vegetative buds. 
Period ending I Period ending I Period endlnl 

Prot. Unprot. Prot. Unprot. 
- ___ --,-_...c.-.; 

Vegetatln buda. 

Prot. I Unprot. 

Number of plants I 20 18' Number of plants I 20 110 10 I 10 

2nd Sept. .. 11'85 13·6 bt Sept. .. 12'05 12'60 .. .. .. 
:9th Sept. " 21'25 25'0 8th Sept. .. 19'70 18'16 .. .. .. 
16th Sept. 

" 42'85 46'6 " .. .. 14th Sept. .. 18·60 13'811 

23rd Sept. .. 67'65 70'3 22D,dSept. .. 43'80 45'40 .. .. .. 
30th Sept. .. 102·10 104'& 29th Sept. .. 68'55 65'90 28th Sept. .. 28'55 '1'611 
7th Oct. .. 148'60 142·1 6th Oct. .. 33'60 92'65 .. .. .. 

14th Oct. .. 192·15 173'0 13th Oct. .. 106'46. 118'00 .. .. .. 
21st oct. .. 22295 199'1 20th Oct. .. 129'40 146·511 19th Oct. .. 81'86 111'10 

28th Oct. .. 242·15 218·4 27th Oct. .. 149'15 182'110 26th Oct. .. 97'10 130·1& 

4th Nov. .. 257·70 238'& 3rd Nov • .. 166·70 208·&5 2nd Nov. .. 114'40 160·10 

11th Nov. .. 271'65 271'9 loth Nov. .. 190'90 234'96 9th Nov. . . 189·25 1108'25 

18th Nov. .. 281'110 309·6 17th Nov. .. 207'95 261'00 16th Nov. .. 178'00 242'. 

25th Nov. .. 286·05 332'3 24th Nov. .. 218'0& 283·15 23rd Nov. .. 199'110 267'. 

2nd Dec. .. 287'25 345'4 1st Dec. .. 222·70 298·10 30th Nov. .. 218·85 291'46 

DthDec. .. 287'80 353·6 8th Dec. .. 224'60 811'00 7th Dec. .. 236·85 809·116 

16th Dec. .. 287'95 356'9 15th Dec. .. 226'05 3110·25 14th Dec. .. 258·36 327·611 

23rd Dec. .. .. 366'& 22ndDec. .. 226'55 825'65 2l8tDec. .. 268'96 .. 2·85 

30th Dec. .. .. S69'8 29th Dec. .. 226·76 827'56 8th Dec. .. 285·" 368'75 

6th Jan. .. .. 870'6 5th Jan. .. .. 328'15 24th Jan. .. 294·. 884·10 

13th Jan. .. .. 370'8 12th Ian. .. .. 828'60 11th Ian. .. 298'90 868·85 

.. .. .. .. .. .. 19tblan • .. 299·. .71'15 

.. .. .. .. .. .. 25th Ian. .. .. 871'15 

.. .. .. .. .. .. .. .. .. 

.. .. .. " .. .. .. .. .. 
.. .. ... .. .. .. ,. .. " .. 

.. -_ .. 



TABLE No. 103. 

Average progressive flower-b'/Ul, production in the protected and the 

unprotected plants. 

1926-27. 1927-28. 1928-29. 

399 

Period ending \ 
Flower buds. I I Flower buds. I \ 

I Period ending ---,--- Period ending 
Prot. Unprot.· Prot. Unprot. 

Flower buds. 

Prot. I Unprot. 

.. 10 I 10 I Number of plants I 14 20 I Number of plants I 20 20 

.. .. .. .. .. .. 31st Aug. .. 0'60 .. 

.. .. .. 7th Sept. .. .. 4'0 7th Sept. .. 4'25 1,25 

.. .. .. 14th Sept. . . 4'43 11'75 14th Sept. .. 14'20 5'70 

24th Sept. .. 1'3 .. 21st Sept. .. 14'64 .. .. .. .. 
Is' Oot. .. S'7 4'4 28th Sept. .. .. 32'75 28th Sept. .. 57'85 27-00 

BthOot; .. 10'4 14'8 5th Oct. .. 44'42 48'95 5th oct. .. 92'85 46'75 

15th Oct. .. 23'0 27'2 12th Oct. .. 68'71 62'40 12th Oct. .. 138'05 66'05 

22nd Oct. ~. 41'5 47,7 19th Oct. .. 96'71 80 .. 75 19th Oct. .. 205'65 94'75 

29th Oct. .. , 66'3 69'1 26th Oot. .. 134'56 105'9(1 26th Oct. .. 308'35 133"75 

6th Nov. .. 89'6 91'9 2nd· Nov. .. 185'06 166-20 2nd Nov. .. 366'45 17(1,25 

12th Nov. .. 116'8 115'5 11th Nov. .. 284'84 . .. 9th Nov. .. 425'30, 200.'05: 

19th Nov. .. 146'S 14S'8 18th.Nov. .. .. 221'85 16th Nov. . - .. 476-20. 225.:5(1 

26th Nov. .. 172'1 166'5 25th Nov. .. 393'84 .. 23rdNov. .. 507'90 25:1-·35-

Srd Dec. .. 191-9 207'8 2nd Dec. .. .. 260'15 30th Nov. .. 523'35 213'60 

10th Dec. .. 207'7 228,5 9th Dec. .. 476'20 .. 7th Dec. .. 527'60 285'60 

17tti Dec. .. 212'2 .. 16th Dec .. .. 295'10 14thDeo. .. 528-35 293'00 

24thDeo. .. 214'4 261'9 23rdDec. .. 610-35 .. 21st Dec. .. 528'40 298'00 

S1stDeo. .. 216-5 .. 30th Dec. .. .. 307'60 28th Dec. .. .. 300'45 

'lthlan. .. 215'7 295'1 6th Ian. .. 624'21 .. 4th Jan. .. .. 301'80 

14th Ian. .. .. .. 13th Ian. .. .. 312'00 11th Ian; .. .. 302'55 

21st Ian. .. .. 307'1 2OthJ'an. .. 525'78 .. 18th Ian. .. .. 303,05 

28th Ian. .. .. .. 27th Jan. .. .. 312·50 25th Jan .. .. 303-10 

4th Feb. .. .. , Sl1'8 3rdFeb. .. 525'9 .. 1st Feb. .. .. .. 
11th Feb. .. .. .. 10th Feb; .. .. 312-65 SthFeb. .. .. .. 
lSthFeb. .. .. 312'7 .. .. .. .. .. .. 



-TAlIL1j: No. lO3--{contd.) 

Average progresswe flower-bud. production. in the protected and
the unprotected plants. 

1929-30. 1I1SD-S1. lUI-as. 

Period ending I Flower bude. I I Flower bude. , I 
I Period ending - I Period ending 

Prot. Unprot. Prot. Unprot. 

Plower bude. 

Prot. I U nprot. 

Number of plant, I 20 18 'NUmber of plants I 20 20 INUmber of plants I 10 10 

2DdSept. .. .. 0-1 htSept. .. 0'10 . . .. . . .. 
DthSept. .. 1'10 l'lI 8th Sept. .. _ 0-80 0'80 .. . . .. 

16th Sept. .. 6-50 0'8 .. .. . . 14tb Sept. .. . . 0'15 

23rd Sept. ., 18-S0 13'0 22DdSept. .. 11'80 7'20 .. .. .. 
30th Sept. .. Bi'70 23'8 29th Sept. .. 21'05 n·u 28th Sept. .. 0'85 '1'80 

7th Oct. .. 82'110 U'5 8th oct. .. .'0'16 81:00 . . .. .. 
14th Oct. .. 100'40 70·7 13th Oct. .. 74'40 &NIi .. .. .. 
21st Oct. .. 139'05 97'9 20th Oct. .. UO'80 78'26 19th Oct. .. 20-00 1215 

28th Oct. .. 177,15 128'0 27th Oct. .. 140'40 1a·90 28th Oct. .. 82-90 .4' • 

4th Nov. .. 216'00 151'8 3rdNov. .. 158'25. 134.'90 2Qd XCIV. .. "4'" "'111 

11th Nov. .. 250'86 190'2 loth.Nov. .. 190'80 180'65 11th Nov. .. 88'85 78'06 

18th Nov. .. 271'20 228'7 17th Nov. .. .218'20 191'45 16th XCIV. .. 124'85 85'80 

25th Nov. .. 277·50 257'5 24tb Nov. .. 223'00 222'35 23rd NCIV. .. 182-80 117:80 

2DdDec. .. 278'40, 276'8 latDec. .. 229'05 246'90 30th Nov. .. 195'80 186'80 

11th Dec. .. .. 288'0 8tb.Dec. .. 230'40 288'56 7th Dec. .. 224'46 162'80 

16th Dec. .. .. 293'4 15th Dec. .. 230'80 282'65 14th Dec. .. 248'75 187'46 

23rd Voo- .. .. 298'8 22DdDec. .. 230'95 290'80 IIla'Dec. .. 271'50 188'20 

OOthDec. .. .. 297'8 29th Dec. .. .. 292'80 28th. Dec. .. 284-85 1114'76 

8thlan. .. .. 298'0 othlan. .. .. 298'10 'thlan. .. 28'90 6111-" 

l3tb.lan. .. . .. .. 12thlan. -- .. .. .. 11th Ian. .. 2114'85 .'16 

.. .. .. .. .. .. 18th Ian. .. .. 103'80 

-. .. .. .. .. .. 25th Ian. .. .. .·Ii 
.. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. . . .. . . 
.. .. .. .. I .. .. .. .. .. 



TAlILE No. 104. 

Average progrusiveproduction of jWwers in the protected and unprotectetlplants. 

1926-27. 1927-28. 1928-29. 

Flowers. Flowers. Flowers. 
Period ending Period ending 

Prot. -I Unprot. 1 Unprot. 
Period ending 

I Unprot. Prot. Prot. 

Number of plants 1 10 10 I Number of plants I 14 20 I Number of plllnts I 20 20 

24th Oct. .. 0'1 (ra .. .. .. 
28t,h Dei." 

.. 
O~O5 Slot Oct. .. 1'8 .. . . .. .. 

i:20 7th Nov. .. 5'2 1'3 
13th Nov: 0:07 

.. 4th Nov. .. 0'05 
14th Nov. .. 8'7 2'6 ., 

0:05 
11th Nov. .. 7'70 0'95 

21st Nov. .. 13'6 4'9 20th Nov. .. 2'21 18th Nov. .. 31'go 5,20 
28th Nov. .. 21'0 7'3 27th Nov. .. 6'14 0'40 25th Nov. .. 6200 11'15 

5th Dec. .. 6Z'0 8,9 4th Dec. .. lS'57 I-go 2nd Dec. .. 88'85 18'50 
12th Dec. .. 42'6 10'S 1Uh Dec. .. 28'57 6'10 9th Dec. .. 126' 40 27-S0 
lOth Dec. .. 55'0 lS'4 18th Dec. .. 47'78 U'05 16th Dec. .. 166'50 39'go 
26th Dec. .. 650 16,0 25th Dec. .. 72-07 20'25 23rd Dec. .. 180'25 48,95 
2nd Jan. ., 71-7 19'6 1st Jan. .. 104'07 SI'SO SOth Dec. .. 182'S5 56·60 
Oth Jan. .. 77'3 23'9 8th Jan. .. 129-71 44'75 6th Jan. .. 182'55 61·05 

16th Jan. .. 711-6 28'9 15th Jan. .. 15S'50 58'go 13th Jan_ .. 182'60 64,65 
!l3rd Jan. .. 80-2 36'5 22ndJau. .. 164-29 70'80 20th Jan. .. .. 66-30 
30th Jan. .. 80" 43'8 29th Jan. .. 168-29 78'45 27th Jan. -. .. 67'50 

6th Feb. .. .. 52'8 5th Feb. . . 169'00 80'60 3ra Feb. .. . . 67'95 
lSth Feb. .. .. 61-S 12th Feb. . . 169'2 81'55 10th Feb. .. . . 6S'30 
20th Feb. . , .. 67-4 111th Feb. .. .. 81'8 17th Feb. .. .. 68'60 
27th Feb. .. .. 611'2 . , .. . . 24th Feb . .. . . 68-65 
6th Mar. .. .. 0\1,6 .. ., .. .. .. . . 

TABLE No. 104-(contd.) 

Average progressive production of flowers in the protected and unprotected plants. 

1929-30. 111So-S1. 1I1S1-32. 

Flowers. Flowers. Flowers. 
P.rlod ending 

Period ending I Unprot. 
Period ending I Unprot. 1 Unprot. Prot. Prot. Prot. 

Numbar of plauts I 2r1 18 I Number of plants I 20 20 I Number of plants I 20 20 

18th Oct. .. 0-05 
0:1 111th Oci: 0:20 0:10 

.. .. .. 
20th Oct. .. 0'75 .. .. .. .. 
27th Oct. .. 8'80 0'2 26th Oct. .. 7'70 0-85 .. .. .. 

8rd Nov. .. 6'55 0-6 2nd Nov. .. 22·40 I-go . . .. .. 
10th Nov. .. 16'115 2'2 11th Nov. .. 82'65 2-20 .. .. . . 
17'h Nov. .. 44·65 6-7 16th Nov. .. 3S'85 2,35 

22nd Nov: 0:25 0:15 2'th No .... .. 84'15 11-\1 23rd Nov. .. 36-95 2-55 . . 
lot Doe. .. 114'\15 17'8 30th Nov. .. 42-30 3'50 29th Nov. .. 2,50 1·00 
8th Doc. .. 134'50 26'4 7th Dec. .. 55·75 6-60 6th Dec. . . 9·50 2'60 

15th Dec. .. 139'16 88-8 14th Dec. .. 60-50 13-95 lSth Dec. . . 20-00 6'40 
220d Dec. .. 18\1'25 48-8 21st Dec. .. 78-75 27-55 20th Dec. . . 35·60 12'15 
2IIt,h Dec. .. .. 65'7 28th Dec. . . 8S-25 47·25 27th Dec. . . 60·20 22'S5 
6th Jan. .. .. 66'2 4th Jan. .. 84-95 63,50 Srd Jan. .. 78-50 SO'S5 

12th Jan. .. .. 7S'S Uth Jan. .. 85-S5 78-55 10th Jan. .. 98-75 40·45 
19th Jan. .. .. 76-8 18th Jan. .. 85-40 85· go 17th Jan. . . 111'80 51'20 
26th Jan. .. .. 77'6 25th Jan. .. .. 86'95 2ith Jan. .. 118'75 68'95 
2nd Feb. .. .. 77'6 lst Feb. .. .. 87-00 81st Jan. .. 120'65 62' go 
9th Feb. .. .. 77'7 . , .. . . 7th Feb. .. 120'85 64'40 .. .. .. . , .. . . 14th Feb. .. 120' go 64-SO .. .. .. .. .. 

I 
.. .. .. .. .. .. .. .. .. .. . . .. .. 
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TABL3 No. 105. 

Average periodicciZ Jor1TllJtioo oj flower-1Yuds and the absolute and relative ,hedding 01 
'1Yuds in the protected plants. 

192~27. 1928-29. 1020-80. 

Bud-shedding Bud-shedding. Bud-lheddlng. 

Period Bude- Period Buds- Period Bods- ----
ending formed. Re1a-1 Abso-

ending formed. Re1a-1 Abso-
ending formed Re1a-1 Abso-ttve. lute. ttve. lute. tlV8. lute. 

Number of plante 10 I Namber of plante I N amber of plaate 

.. .. .. .. Slat Aug. 0'80 0'80 .. .. .. .. .. 

.. .. .. .. 7th Sept. 8'65 8'65 .. 11th Sept. 1'10 1'10 .. 

.. .. .. .. 14th Sept. 10'11i 10'1G 0'70 16th Sept. 6'40 6'26 .. 
24th Sept. 1'3 0'1i .. .. .. .. .. 23rd Sept. 11'80 11'8& 0'70 

lat Oct. 2" 0·2 .. 28th Sept. 4a'41i 4!4'85 20'10 30th Sept. 16'40 12'20 530 

8th Oct. 6'7 2'8 0-2 5th Oct. 3"90 3O·51i 16·15 7th Oct. 28'20 18·80 14'80 

lGth Oct. 12'6 6'8 0'9 12th oct. 41i'SO 34'45 35'05 14th Oct. 87'60 Il1·n lZ'80 

22nd Oct. 11i-5 9'5 0'7 19th Oct. 67'80 35·70 U·15 2lat Oct. 88:65 1000 14·15 

29th oct. 24'8 11'2 2'5 26th Oct. 102·70 55'00 18'05 28th Oct. 88'10 8'85 "80 

5th Nov. 23'8 11'2 7" 2nd Nov. 58·10 21'80 79'65 4th Nov. 88'8& 15'80 "40 

12th Nov. 27'2 U'O 8'8 9th Nov. 58'85 27'26 29'05 11th Nov. 35·15 22'80 11'65 

19th Nov. 29'0 1S'9 12'9 16th Nov. 50'90 84'90 13-80 18th Nov. 20·55 18-10 11-40 

26th Nov. 25'8 19-8 11'0 23rdNov. 81·70 28'80 21'26 25th.Nov. 8'80 8·26 17·00 

8rdDee. 19'8 17-6 12-1 30th Nov. 11i·45 lIHO 23'66 2nd Dec. 0'90 0'90 14'90 

10th Dee. 15'8 15'4 18-2 7th Dec. 4'26 "20 87'80 9th Dec. .. .. 10'10 

17th Dee. 4'5 4'4 20'9 14th Dec. 0·75 0-75 8"80 16th Dee. .. .. 1'80 

24th Dee. 2'2 2'2 19'1 21BtDee. 0'05 0'05 11'40 23rd Dee. .. .. 0·15 

8latDee. l·i 1'1 12-8 28th Dee. .. .. 0'60 .. .. .. .. 
7th Ian. 0'2· 0'2 0'4 4th Ian. .. .. 0'05 . . .. .. .. 

Uthlan. .. .. 1'7 .. .. .. .. .. .. .. .. 
21stlan. .. .. 0'8 .. .. .. .. .. . . .. . . 
28thlan. .. .. 0'3 .. .- . , .. . . .. .. .. 

Rest .. .. .. 0·1 .. .. .. 0.65 .. .. .. .. 
~otal .. .215'7 135'.3 135-3 Total .. .528'40 345-80 345-80 Total .. 278-40 139·i5 1311-15 
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TABLE No. I05-(contcZ.) 

Average periodicaZ Jormation oJ flower.buds and ths absolute and relative shedding oJ 
buds in the protected plants. 

1930·S1. 1931·S2. 

Bud-sheddlng. Bud·sheddlng. 
Period endlni Buds- Period ending Buds-

formed. 
Relative. I Absolute. 

formed. 
Relative. I Absolute. 

Number of plants 20 I Number of plants 20 

1st Sept. .. .. 0-10 1-10 .. .. .. .. . . 
8th Sept. .. .. 0-50 0-60 . . .. . . .. . . 

.. .. .. . . .. .. .. . . 
22nd Sept. .. .. 9-00 5-35 0-80 .. ., .. .. 
29th Sept. " .. 11-95 3-40 3-05 28th Sept. _. .. 0-95 0-95 .. 
8th Oct. .. .. 23-80 8-55 2-20 .. ., .. " 

13th Oct. .. .. 29'30 23-05 1'90 .. .. .. , . 
20th Oct. .. .. 3tH5 33-05 5'35 19th Oct. .. .. 19-05 lS-10 S-20 

27th Oct. .. .. 29-S0 22-45 10-40 26th Oct, .. .. 12'90 9·10 6'25 

8rd Nov. .. .. 17'85 7'05 83'55 2nd Nov ••• .. 21'45 10'40 7'35 

lOth Nov. .. .. 32·05 14'15 13'35 9th Nov. .. .. 29'50 8'80 7·55 

17th Nov. .. .. 22'90 14'35 4'35 16th Nov. .. .. 41'00 10·55 9·10 

24th Nov. .. .. 9'80 6'50 -11'65 23rdNov. .. .. 37'40 13'30 10'00 

lBt Dec. .. .. 6·05 5'30 lS'25 30th Nov ••• .. 33'00 16'75 0-60 

8th Dec. .. .. l'S5 1'25 8'00 7th Dec. .. .. 29'20 20'20 6'30 

15th Dec. .. .. 0'40 0'30 4'30 14th Dec. .. .. 25'30 21'90 7'25 

-22nd Dec. .. .. 0'15 0'15 1'00 21st Dec. .. .. 21'75 20·10 23'45 

.... .. .. 1'90 23th Dec • .. .. 13'15 13'05 - 19'75 

.. .. .. 0'40 4th Jan • .. .. 8'30 6'25 - lS'45 

.. .. .. 0·10 11th Jan. .. .. 8'90 8'90 19'95 

.. .. .. .. 18th Jan. .. .. .. .. 19'95 

.. 25thlan. .. .. .. .. S'45 .. .. .. 

.. 1st Feb. .. .. .. .. 0'35 .. .. .. 
-

Totar .. --- 230'95 145'55 145'00 Total .. 294'85 178'95 -173'95 .. ,-

---
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TABLE No. 106. 

A verage periodical flower. opening and relative and ab8ol'lde ,1wJding 0/ boUI 
in the protected plant8. 

1926-27. 

BoIl·shedding. 

Period 
ending 

24th Oet. 
31st Oet. 
7th Nov. 

14th Nov. 
21st Nov. 
28th Nov. 
5th Dec. 

12th Dec. 
19th Dec. 
26th Dec. 
2nd Jan. 
9th Jan. 

16th Jan. 
23rd Jan. 
30th Jan. 
Rest .. - Total 

I Flowers I Rei.... I A bso-I 
opened. tive. I lute. 

0'1 0'1 .. 
1'7 0·8 

0:5 3'4, 1'1 
3'5 1'1 0'9 
4,'9 1·4, 0'8 
7" 1·5 1'3 

11'0 3'1 1'2 
10'6 4,·6 1'9 
12'4, 8'0 8'1 
10'0 6'8 4'6 
6'7 3'4, 8'3 
5'6 3'1 4'5 
2'3 1'8 2·7 
0'6 0'6 3'4 
0'2 0'1 2'4 .. .. 0'9 .. .- .. ---

80'4 36'6 36'6 

1927-28. 

BoB-shedding. 

Period 
ending I Flowers I Rei.... I A bso-I opened. tlve. lute. 

.. .. . . .. .. .. .. .. 
N~v. 0:07 0:07 

.. 
13th .. 
20th Nov. 2'14 0'93 .. 
27th Nov. 3'93 0'72 .. 
4th Dec. 7'43 0'93 .. 

11th Dec. 15'00 6'07 .. 
18th Dee. 19'21 8'71 .. 
25th Dec. 24·29 16'68 .. 

1st Jan. 32·00 27'14 .. 
8th Jan. 25'64 24'60 .. 

15th Jan. 23'79 22'93 .. 
22nd Jan. 10'79 9'22 .. 
28th JaD. 4·00 11'1-& .. 
6th Feb. 0·71 0'84 .. 

12th Feb. 0'21 0'21 .. 
r------

Total 169'2 120'8 .. 

TABLE No. 106-(contd.) 

Pt'rIod 
ending 

I .. 
4th ·NaY. 

11th Nov. 
18th Nov. 
25th Nov. 
2nd Dec. 
9th Doe. 

16t·h D..,. 
23rd Dec. 
30th Dec. 
6th Jan. 

13t.h Jan. 
Best .. .. .. 

1928-211. 

BoIl-.heddinc. 

I FlOW .... ' Rela-\ Abso-opened. live. lute. 

. . .. . . 
i720 0:'5 

.. 
0:30 '"50 1'50 

24'20 &'35 0'50 
30'10 12'86 2"85 
28'85 23'10 "00 
37·66 84'50 1820 
40·10 84·)6 44·7i 
13·76 13'1& 24'9i 
2'10 2'06 17'75 
0'20 0'16 7'05 
0'05 .. 2·75 .. . . 2'16 .. .. . . .. . . . . .. . . .. --------.. Total 182·60 127'05 127'0& 

Average periodical flower opening and relative and ab80lute ,hedding 0/ boll. 
in the protected plant8. 

Period 
ending 

13th\ oet. 20th oet. 
27th oet. 

3rd Nov. 
10th Nov. 
17th Nov. 
24th Nov. 
Ist Dec. 
8th Dec. 

15th Dec. 
22nd Dec. 
29th Dec. 

6th Jan. .. .-.. . -.. 
" -

1929-30. 

Bon-shedding. 

I Flowers I Rela-\ Abso-I opened. tin. lute. 

0'05 0'05 o:io 0'70 0'16 
2'55 0'20 0'25 
8'25 0'i5 0'15 

10'40 3'40 1'30 
27'70 17'20 10·00 
39'50- 19'10 10·25 
30'80 29'90 18'65 
19'55 19'56 31'35 

4'65 4'60 18'75 
0'10 0'10 S'70 .. .. 0'35 .. .. 0'01. .. .. . . .. .. . . .. .. .. .. .. .. .. .. .. 

" .. .. .. 
" .. Total 139'25 94'80 94'80 

1930-31. I 
BoB-ehedding. I 

Period I Flowers I Rela-I Abso-( ending opened. tive. lute. 

19th oct. 0:20 0:20 0:05 
26th Oct. 7'50 6'75 1'05 
2nd Nov. 14'70 6·95 10'35 
9th Nov. 10'25 1'15 1'85 

16th Nov. 1'20 0'40 0'60 
23rd Nov. 8'10 1·45 0'25 
30th Nov. 6'35 1'70 1'00 
7th Dee. 1S'45 4·60 2'30 

14th Dec. 13'75 8·90 S'30 
21st Dec. 9'25 7'75 6'05 
28th Dee. 4'50 4'25 11'65 
4th Jan. 1'70 1'70 4'05 

11th Jan • 0'40 0'40 1'50 
Jan. 0'05 0'05 0'25 18th .. . . .. .. .. .. .. .. .. .. .. .. . , . . .. .. 

I--
Total 80'40 43'15 43'15 

1931-32. 

BoU-eheddInar. 

Period I Flowers I Rela-\ Abso-ending opened. live. lute. 

.. .. .. ., .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . 
·NaY. 0:25 

.. .. 
22nd 

0:'5 
.. 

29th Nov. 1·25 
0:20 8th Dec. 7·00 1'85 

13th Dec. 10·60 .·90 0'75 
20th Dee. 15·60 5'35 5·83 
27th Dec. 24·60 "60 "70 
Srd Jan. 18·30 12'90 "45 

loth Jan. 20·25 19'75 20'85 
17th Jan. 12'65 12'40 20'85 
24th Jan • 7'45 7'30 .·95 
31.t Jan • l'fIO 1'85 .'75 
7th Feb • 0'20 0'15 "CO 14th Feb. 005 0"05 .. 
.. Total 120' flO 75'05 75'05 
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TABLE No. 107. 

Relative percentage boll shedding in prof£cted plants. 

'eek after flowering. 11926--27. 11927-28. 11928-29.11929-30. 11930-31. 11931-32 . 

I .. .. .. 100·0 100·0 . 37·5 100·0 100·0 . . 
Z .. .. . . 47·1 43·3 23·1 21·4 76·7 20·0 
~ .. .. . . 32·4 18·2 22·1 7·8 47·3 19·3 

i .. .. .. 31·4 12·4 42·0 16·9 11·2 37·1 
S .. .. .. 28·6 33·8 86·0 32·7 33·3 34·3 

~ .. .. .. 20·3 45·3 91·9 62·1 46·8 39·0 

7 . , .. ' . 28·2 68·2 85·2 48·4 31·8 70·5 

8 .. .. .. 43·4 84·8 95·6 97·1 33·5 97·5 

~ .. .. .. 65·1 95·5 97·6 100·0 50·2 98·8 
() .. .. .. 58·0 96·4 75·0 98,9 83·8 98·0 

1 .. .. " 56·6 85·4 .. 100·0 94·4 97·4 

2 .. .. " 55·4 78·2 .. .. 100·0 75·0 

3 " .. ' . 78·3 90·0 .. .. 100·0 100·0 , 
'. .. ' . 100·0 100·0 .. .. 100·0 .. 

I) .. .. " 50·0 .. .. .. .. .. 



TABLES FOR CHAPTER V. 
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TABLE No. 108. 
Periodical percentage mcnsture in different organs 01 unprotected plaw. 

1926-27. 

LEAVES. 

Date. Young Flowers. 

I 
flowerbuds. 

I Young. Developed. 

Young 
Bolla. 

11th October .. .. 73'8.7 75·43 .. .. Not deter • 
mined. 

21st October .. .. 73-50 74-00 70'06 .. Do • 
1st November •. .. 65·95 70-82 73'48 .. Do • 

11th N ovem ber .. 73·45 74-04 74-42 76-91 Do_ 
25th November -- 66-52 72·35 72-89 76-22 Do. 

11th Deoember .. 69-12 73-34 72-81 78-46 Do. 
25th December __ -- 70-15 72-70 74-4 78-07 Do. 

lOth January -- -- 66-158 71-54 73·77 76-91 Do. 
25th January .. -- 63-49 69-56 71·76 78·19 Do_ 

9th February .. -- 65·64 70-82 .. 78-63 Do. 
24th February .. _. 67-24 70-26 .. n-06 Do •. 

11th March -- -- 65-06 67-60 . - .. Do. 

TABLE No. 109. 
Periodical percentage moisture in different organs 01 unprotected plants_ 

1927-28_ 

LEAVES_ 

Date. Young Flowers. Young 

I Developed_ 
flowerbuds. BoU •• 

Young_ 

5th September .. 80-75 .. .. .. .. 
15th September .. 77-67 80-2 .. .. .. 
27th September .. 80-18 79-14 .. .. .. 
13th Ootober .. .. 78-40 76-1 .. .. .. 
28th Ootober _ •• . - 7&-32 79-1 64-23 .. .. 
14th November .. 80-14 79-7 77-82 .. .. 
28th November .. 71-18 74-38 83-20 .. .. 
12th December •• .. 73-45 76-12 81-47 83-07 .. 
26th December _. ,. 73·12 76-5 79-06 81-60 69-80 
9th January -' .. 71-37 72-62 76-53 77-10 76-79 

23rd January .. .. 71-16 74-52 75-39 79-47 76-26 
6th February .. .. 70·80 68-99 74-26 78·16 74-88 



,TABLE No. 1l0~ 

PeriodicaZpereentage moisture in different organs oj unprotected plants. 

'1928-29. 

Period ending Stem &'" I Leaves on Flowerbuds. FloWBt:B. Bolls. 
branches. the plant. (growing). 

I 

27th A11gust .. .. 81· 5a. 82·77 .. " .. 
1nth September .. 80',6-1' 81'0'6 .. .. .. 
24th September .. 79'0'2 78'23 .. .. .. 

8th 'October .. .. 73·47 77·67 .. .. .. 
22nd October .. .. 72·10 78·20' 71·74 .. .. 

5th 'November .. .. 66·97 75·95 75·82 .. .. 
19th November .. 66·10' 76·14 77·38 77·13 81'24 
300 December .. .. 62·16 74·40' 75·19 75·19 79'0'0' 

17th Deoember .• .. 6n·3() 71·21 76·04 77'73 77'55 

31st December •• .. 67·14- 66·52 74·44 ,70"0'0' ,79·78 
14th January .. .. 65·21 69·20' 75'0'0 75'00 :78;95 
28th January .. .. 55·43 69·05 76'92 75·00 80'85 

--- . 
11th February .. .. 64·25 68'26 . . .. 83·.92 
25th February .. .. 61'59 58'04 .. .. 70·55 

TABLE No. Ill. 

Periodical percentage moisture in different organs oj u1zprotected plants. 

1929-30. 

' . , ' 

Period ending 

. ' 
2nd September 

16th September 
3 Oth .September 

14th 'Ootober 
2 
1 

8th 'October 
lth November, 

5th November 

.. .. 
2 

2 
9th December .• 
300 Deoember •• 

6th ,January .. 
"Oth January .. 
300 Febrllary .. 

17th Febrllary .. 
300 March .. 
62 

.. 
' . 

.. .. 

S'tem & 
.. 

branohes. 

.. 80·:n .. 81·4ii .. 77·74 

.. 78·95 .. 68·95 . . 73·90 

.. 61·79 .. 61·54 
' .. 57·40 

.. 62·17 .. 54·16 

.. 41·85 

.. 51·94 .. 50',99 

-
LeaveS on" .1 ~l ..... 
the plant . Flowerbuds. owere. (growing). 

76·82 .. .. ,. 
79·47 .. .. .. 
78·75 .. .. .. 
78·01 71·64 .. .. 
75·75 76·32 .. .. 

No figure . 76·78 .. .. 
71·82 74·54 82·50 .. 
71·84 75'59 80'0'0 ' 85'0'0 
68·40 No figure. No figure. 80'·19 

71·29 70'·66 81·25 80'·0'0 
67·79 .. ' 8n'OQ 81·96 
64·34 .. .. 80"0'0 

64·11 .. .. . . 
64·n~ .. .. .. 
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TaLB No. 112. 

Periodical percentage moi8tur. '" d.iJlemll orgCJ'/&l oj unprolecletZ plq,nU. 
1930·31. 

Period ending Stem & Laaneon FIowerbuda. Flowera. Bolla. 
branches. the plant. (growing). 

-
1st October .. .. 67'54. 82·55 .. .. . . 

15th October .. .. 75·98. 80·51 77·12 .. .. 
29th October .. .. 72·34 82'62 74·" .. .. 
12th November .. 69·55 75'13 70·79 .. .. 
26th November .. 65-94 74-56 74-59 

79:;3 
80-00 

11th December .. .. 71-10 73-56 76-58 .. 
24th December ._ .. 76-12 76-85 80-73 86-55 85·n 
7th January .. .. 65-49 73-02 78-78 .. 87-29 

21st January .. .. 56-72 71-00 .. .. 87-U 

4th February -- .. 65-50 68-23 '.' .. 75·01 
18th February -- .- 66-14 68·63 .. .. 72-06 

3rd March .. .. 54-29 66-12 .. .. .. 
17th March .. .. 50-43. 67-12 .. .. .. 

I 

TABLE No_ 113. 

Periodical percentage moisture ·ijp, difJerenl organs oj unprotected planh_ 
. ·1931-32_ . 

I 

Period ending Stem & Leaves on Flowerbuds_ Flowen_ Bolla. 
branches_ the plant. (growing). 

18th September .. 77-82 79·66 .. .. . . 
25th September .. 79-18 78-92 .. .. , . 

1st.Octooor .. .. 79-43 78-43 .. .. .. 
8th· October .. .. 77-98 79-22 .. .. , . 

29th October .. .. 74-88 76-69 .. .. .. 
12th: November .. 75-89 77·18 75-39 .. .. 
26th Novembe,r .. q2-34 78-47 78-55 '14·29 59-01 
10th December _. .. 71·17 7riola 76-82 76·27 75-39 
24th'December _. .. 69-53 76-58 79-03 81·25 84'89 

7th January .. .. 73-35 75-4,4 77-78 '17-84 84-00 
21st January _. .. 71·79 75-02 77-68 77-24 87-53 
4th February -. .. 58·16 74·38 77-9G 89·73 81·60 

18th February -- .. 57·67 72-39 .. .. 82·58 
3rd March .. .. 62·71 72·41 .. .. .. 

17th.¥arch .. . .. 53·~9 68·42 .. .. .. 
J -·0-



Date. 

6th Septembetr 

lDth September 

27th September 

24thOo~ber .. 
7th November 

21st November •• 

'5th December 

19th Deoember •• 

2nd January .. 
16th January .. 
30th January .. 
13th February .. 

TABLE No. 114. 

Dry matter in gramrnes in tM different orga1UJ oj the cotton plant. (Unprotedell.) 

1927-28. 

(Average of 3 to 4 plants.) 

1 
Roots. Istem andl Green 1 mower-I F1 'I Bolls. I Shed I Shed 

branches leaves. buds. owers. leaves. buds. 
I 

.. 0·33 0·73' 1·91 .. .. . . . . .. 

.. 1·43 3·61 7·00 .. .. .. . . . . 

.. 1·85 5·08 8·06 .. .. .. .. .. 

.. 16·77 37·35 43·58 .. .. . . .. .. 

.. 17·56 35·63 45·50 0·48 .. .. .. .. 
',' 25·63 48·98 56·10 2·18 0·08 .. .. .. 

.. 45·33 69·10 80-10 6·48 0·81 0·'76 .. .. 

.. 45·52 67·00 59·30 4·98 1·23 3·09 .. .. 

.. 61·60 89·46 72·16 7·33 2·42 18·76 .. .. 

.. 62·53 '17·33 68·33 4·36 2·37 40·86 .. . . 

.. 60·66 72·33 56·20 0·99 0·83 74·10 .. . . 

.. 64·16 82·86 30'45 .. 
J 

.. 75·20 .. .. 

1 

Shed Total. bolls. 

. . 2·97 

.. 12·04 

. . 111·99 

. . 97·70 

. . 99·17 

.. 132·97 

.. 202·58 

, .. 181·12 

.. 251·73 

.. 255·78 

.. 265·11 

.. 242·67 e .... 



,. 

Date. 
,', . -', .. ' 

27th August .. 
:10th September, 

~4th September 

8th October .. 
'22nd Ootober .. 

5th Novembel .. 

19~h November •• 

, 3rd Dtlcember •• 

17th December •• 

81stl December •• 

14th January .. 
28th January .. 
11th February .. 
26th February .. 

TABLE No. 115. 

'J)ry matter ingtamme8 in'the different cwganB of t¥ cotton plant. -(Unprotected.) 

'1928-29. : 

(4verage of 3 to 4 plants.) 
. . . ~ ~ ': . i • 

.'\ I I I I l I .. Istem and Green Flower. Shed Shed 
Roots. 

bra~ches. leaves. ~~ds. Flowers. Bolls. leaves. buds. 
" .- ' ' 

' , 

0·5800 0.·3150 1·9000 " I I .. .. .'. .. .. '" 
.... 1·0992 0.·8112 3·6025 .. .. .. .. .. 
.. 3·9890 4·6020 13'7275 .. .. .. .. .. 
.. 8·1030 11·3050 24·4450 .. .. .. .. .. 
.. 

11·9660 .. 16·2590 28·5850 0'4165 .. .. .. .. 
.. 25·7225 40·6000. 49-1900 1·6950 .. .. 0·7505 0.·6200. 

.... 33·0.200. 46·8900 52·0.70.0 4·0.930. 0.·5433 0.·7200. 2·7780. 1·1267 

.... 36·7500. , ' 
67'5500. 55·8560. 2·0.80.6 0.·2500., 2·6500. 3·8000 0.·760.0. 

.. 47·6250. 58·1260. 54·9750. 2·8750 1·1250. 5·50.00. 7·7500. 2·0000. 

.. 61·8333 60.·5000. 72·4730. 3·8333 0.·6000. 10.·1666 14·4670. '·0.000 

.. 48·000.0. 45·3333 41·0.160. 1·1670. (1·1833 83·3333 7·0.0.00. 2·000.0. 

.. 74·50.00. 77·8333 48·750.0. 1·0000 0.'8333 49'6667 10.·0000 5·0000. 

.. 45·3300. 73· 3333

1

40.' 7300. .. .. 43·3333 15·0.000. 5·0.000 

.. 54·000.0. 48·0.000 20.·7000. .. .. 46·0000. 18·6670. 3·3330. 

I Shed 
.. 

bolls • Total. 
., 

' .. 2'7950 

.. 5·5129 

. . 22·3185 

.. 43·8530. 

' .. 1,i7'2265 

' .. 118·5780. 

.. 141·2410. 
.. 

1·1260. 160.·7116 
" 

2·750.0. 182·7250. 

'·6670. 232,"0.3 

2,·61ho. 180.·6996 

6·0000. 272·6833 

6·6000. 228·2266 

6'6000. 196·20.0.3 



TABLE No. 116. 
I 

. 'Dry matter in gramme8 in the different organa of tM cotton plant. (U npro(ected.) 

1929-30. 

(Average of 4 to 6 plants.) 
" '. , . 

Total ,. 

Stem and Green Flower- , Flowers.' Shed Shed Shed dry 
Date. Roots. branches. leaves. bu~. 

Bolls. leaves. buds. .bolls. weight of 
, , , ,,' the whole 

plant. 
I , 

2nd September •• .. 0·62 0·595 2·91 . ,'. ; .. .. .. .. .. 4'125 

16th September .. 1·00 1'545 6·19 .. .. .. . . .. .. 8'735 

:JOthSeptember . .. 3·38 5'090 14·38 ... .. .. .. .. .. 22·850 

14th.October .. 5·45 8·710 19·90 0·307 3·57 .. .. 37·937 .. .. .. .. 
'28th October .. .. 7·48 12'830 19·97 0·750 .. .. 7'50 0·28 .. 48·813 

11th November .. 11·50 15'833 33·75 1·300 .. .. 8·33 1·42 .. 72·130 

':25th November 21·00 30'500 37'83 2·750 
, 

0·117 0·167 11'00 2·17 0·67 106· 203 .. 
9th December •• . ' 25·20 33'500 37·20 3·100 ! 0·060 1·200 11,,40 2·50 1'80 115·960 " 

':23rd December ;. " 38·50 39·400 43'70 4-600 -. 7·600 12·00 3·10 3·30 152·200 

6th January .. .. 41·63 41·800 43'50 2·700 0·300 27·200 16'00 3·50 7·75 184·380 

:20th January .. .. 41·50 44·167 34'83 0·410 0;033 29·167 22·50 3·00 9'00 184·609 

3rd February .. .. 45·00 42·900 32'40 .. .. 43·400 32·20 4·00 10'40 
I 

210·300 

17th February .. .. 37·00 38'333 13'83 .. I .. 49'000 36·l7 3·89 10·00 188·223 

3rdMarch .. .. 31'75 35'000 11'00 .. .. 42·750 34·99 1'50 5'83 162·820 
I 



Date. 

3rd September •• 

10th September 

17th September 

24th September 

lilt; Oollober .. 
Uth Oollober .. 
29th Oollober .. 
12th November 

26th November 

10th Deoember •• 

24th December •• 

'lth .Tanuary · . 
211t; 3'anuary · . 

4th February .. 
18th Febl"UlU"7 · . 

4th March .. 
18th March .. 

TABLE No. 117. .. .. 
Dry matter in gramme8 in the different fYT'gans of the cotton plant; (Unprotected.) 
.. 1930-31. 

(Average of 4 to 6 plants.) 

, I Roois. 1~:=Ch~~~1 ~:~!. I F~~d:~-I Flowem.\ Bolla. 

.. 0·404 0.216 1·190 .. " .. 
/' 0·550 0·275 1·275 ,. .. .. 
.. Fields una pproachab .eduetoh 

.. 1'400 1·244 4·800 .. .. .. 

.. 2·084 8·252 8·920 .. ..' .. 

.. 4·900 6·100 13·000 0·291 .. .. 

.. 6·600 12·200 17·400 0·408 .. .. 

.. 8·000 16·900 26·600 0·170 .. .. 

.. 16·000 23·400 31·600 1·200 .. 0·180 

.. 25·600 22·250 36·250 4·500 0'150 .. 

.. 24'000 20·400 35·000 4·400. 0·400 4'000 

.. 24·250 32·800 39·400 2'200 0·160 13·440 

.. 30·000 41·200 36·400 . . .. 25·400 

.. 24'000 33·250 29·500 .. .. '15'500 

.. 28·250 29·500 23·250 .. .. 72'600 

.. 118·'150 38·86'1 13·666 .. .. 72·833 

.. 26·250 61·250 n'GOO I .. 66·250 

Shed I Shed 
leaves. . buds. 

.. .. 
.. 

eavyrains • 

.. .. 

.. .. 
1·400 0·058 

3·000 0·200 

3·000 0·200 

4'400 0·200 

7·500 0·125 

9'500 0·200 

9·000 1·100 

16·000 1·200 

26·250 1·500 

25'500 0·500 

35·333 0·667 

28·000 1·000 

Shed ITotal dry matter 
bolls. per plant. 

.. 1·810 

.. 2·100 

.. 7·444 

14·256 

.. 25'749 

39·808 

0·140 55'010 

0·200 '17'180 

3·750 100'125 

4·000 101'900 

4·800 127'2110 

10·000 1158·200 

14·250 ll04'250 

11·750 lin· 250 

13·000 200·917 

12·000 186'250 



TABLE No. 118. 

Dry 1TIo,tte, in grammes in the different organa of the cottoo plant. (Unprotected.) 

1931-32. .. 

Stem and Green Flower- Shed Shed Shed Total 
Date. Roots. branches. leaves. buds. Flowers. Bolls. leaves. buds. bolls. weight 

pel' plant. 

18th September .. 0·667 0·452 2·284 I .. .. .. .- I ., .. 3·403 

25th September .. 1·000 0·722 3·445 .. .. .. . . " " 5·167 

1st October .. .. 1-058 1'039 4·046 .. . . " .. " .. 6·143 

8th October .. . . 2.,487 2·867 9·000 .. " .. .. ., .. 14·354 

29th October .. ~ . 4·750 7·333 15·000 .. .. .. 2·500 . . . . 29·583 

12th November .. 7:500 I 10·666 21'166 0·286 .. .. 3·000 ., .. 42·618 

26th November .. 14·600 I 22· 800 33·900 1·000 0·035 0·200 5·200 0·600 .. 78·335 

10th December .. .. 19·000 26·800 45·600 3·200 0·440 0·600 6·800 0'400 0·160 103·000 

23rd December .. .. 21·250 27·760 42·250 4·750 1·250 2·500 6·750 0·750 1·760 109·000 

6th January .. 26·750 27·500 48·250 5·500 1·000 12·125 ll· 750 1·000 3·500 137·375 

20th January 
I 

143·375 .. .. 25·125 26·750 42·250 2·750 1·250 25·000 12·500 1·000 6·750 

3rd February .. .. 26·000 36·500 38·000 0·500 0·200 50·000 13·500 .. 15·000 178·700 

17th February .. .. 28·000 32·500 31·000 .. .. 47·250 17·600 ., 10·000 166·250 

2nd March .. .. 29·750 28·000 20·333 
" .. 85·000 27·000 1·000 9·000 200·083 

16th March .. .. 27·667 40·000 15·000 
I 

.. .. 72·500 35·000 .. 12·000 202·167 



TABLE No. 119. 

A8h percentage in the different organ8 oJ the cotton plant. '(Unprotected.) 

1929-30. 

I 
Da.te. Roots. Stem a.nd Green Flow{lr- , Flowers. Bolls. Shed Shed Shed 

branches. leaves. buds. leaves. buds. bolls. 

, , 

2nd September .. .. .. .. .. .. .. .. .. .. .. 
16th September .. ' .. .. .. .. .. .. . . ", .. 
30th September .. .. .. 7',61Q 7',960 9·195 .. .. . . ", .. .. 
14th October .. ' .. .'. 7·050 7·150 12·600 .. .. ~~ 16'05 .... . . 
28th Ootober '0' .. .. 6·870 7·110 15·370 .. .. .. 14'50 -e-. .. 
11th November • 0' .. .. 5·601 6·151 16·440 11·75 .. . . 15'90 12'78 .. 
25th November '0' .. .. 5·150 6·650 17·400 n'65 .. .~ 17'20 13·00 11·65 

9th December .. .. .. 4·900 6·050 17·750 11·26 . . 12'40 ' 17'75 12·75 11·15 

23rd Deoember .. .. .. 4·240' 4·625 16-200 n·55 .. 7'40, 17·60, 12·67 11·12 
, ' 

6thJan~ary .. .. .. 4·550 6·800 18·650 12·15 .. 7'40 17'50' 12'65 10·65 

20th January .. .. .. 4·100 6·400 18·240 11·50 .. 5'75 18'95 12·40 10·45 

3rd February .. .. .. 4·170 6·250 19·100 .. .. "45 19'55 13·30 11·00 

17th February .. .. .. 5·350 6·8OQ 20·300 . . ' .. 5'28 20'15 12·66 10·35 

3rd March .. .. .. .. . . .. .. .. . . .. . . .. 



'" 
TABLE No. 120. .. 

Ash percenta{/e in the different Mgoms of the cotton pwnt . . (Unpr()tected.) 

1930-3l. 

Date. t Istem and\ Green F~wer-II Bolls. Shed Shed Shed 
Roo s. : bra~:hes. leaves. buds. : Flowers.: leaves. buds. bolls. 

3rd September 

lOth September 11·45 

17th September Fields unapproa chable du e to heavy rains. 

24th September 10·50 9·80 12·40 

1st October 8·30 10·35 16·65 

15th October 5·64 7·7i 18·13 19·20 

29th October 6·33 7·55 18·55 11·90 19·30 

12th November 6·25 7·71 16·00 22·15 

26th November 7·07 6·64 17·25 12·25 18·72 

lOth December 5·89 6·90 17·85 13·05 20·57 13·96 10·60 

24th December 5·51 5·97 17·90 12·41 12·10 14·45 21·73 12·45 

7th January 6·15 6·70 19·72 12·60 11'40 20·75 13·05 10·11 

21st January 5'50 5·80 20·65 7·40 20'70 12·87 12·15 

4th February 5·30 5·65 20·50 7'50 21·40 12·95 13·00 

18th February 5·20 6·80 22·30 8·45 21·60 13·30 13·45 

4th March 5·95 6·35 22.75 7·15 21·70 12·73 13·00 .. 
llthMarch 6·05 6·45 22·50 7·30 22·50 12·40 12·85 >-04 

~ 



Date. 

, 

18th September .. 
25th September .. 

1st Ootober .. 
8th Ootober .. 

29th Ootober .. 
12th November .. 
26th November .. 
10th Deoember .. 
23rd Deoember .. 
6th January .. 

20th January .. 
3rd February .. 

17th February .. 
2nd March •• .. 

16t}. March •• .. 

TABLE No. 121. 

Ash percentage in the different Mgana of the cotton plant. (Unprotected.) 

1931-32. 

I .. .. 
I 

8·50 9·86 16·40 ., .. .. .. 
.. .. 7·80 10·40 17·00 .. .. .. .. 
.. .. 9·00 12·15 18·80 .. .. .. .. 
.. .. 7·60 9·95 15'45 .. .. .. .. 
.. .. 7·95 10·00 15·55 .. .. .. 25'75 

.. .. 7·40 8·55 16·60 12·80 .. .. 20·75 

.. .. 6·55 6·60 17·95 13·80 .. .. 21·60 

.. .. 6·60 7·55 17·35 13·60 .. .. 20·50 

.. .. 6·00 7·05 18·30 14·50 13'45 13·05 20·65 

.. .. 6·45 6·60 19·30 13·30 13·20 9·55 21·30 

.. .. 6·20 7·45 21·40 13·10 .. 9·00 22·20 

.. .. 6·30 5·75 21·15 12·40 .. 5·60 22·05 

.. .. 6·55 6·25 21·45 .. .. 8·25 1Il·30 

.. .. 5·80 7·15 22-70 .. .. 6·75 22·20 

. " .. 6·75 6·50 22·33 .. .. ",40 22·60 

Shed 
buds.' 

.. 

.. 

.. 

.. 

.. 

.. 
13·40 

.. 

.. 
13·70 

.. 

.. 

.. 

.. 

.. 

Shed 
bolls. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
10·90 

10·30 

12·70 

12·15 

13·15 

n·20 

1'·30 



Dalie. 

Oth September 

1 4th October .. , 
8th October .. 

1 lth November 

2 5th November 

9th December •. 

23rd December •. 

6th January .. 
20th January .. 
3rd February .. 

17th February .. 

Total ash in grammes in the different organs 01 the cotton plant. (Unprotected.) 

1929-30. 

Stem and Green I Flower- Shed Shed Roots. branches. leaves. 

I 
buds. Flowers. Bolls. leaves. buds. 

0'62271 

I 
! . . 0·1928 1·3222 .. .. .. .. ., 

.. 0·3842 0·6228 2·5074 .. . . .. 0·5729 . , 

.. 0·5141 0·9122 3·0694 . . .. . . 1·0875 .. 

.. 0'6440 0·9736 5·5500 0·1528 .. . . 1·3240 0·1815 

.. 1·0810 2'0280 6'5820 0·3204 .. .. 1'8920 0·2821 

I .. 1·2350 2·0270 I 6·6030 0·3490 .. 0·1488 2·0230 0·3187 

.. 1·6320 1·821 7·079 0'5314 .. 0·5623 2'1120 0·3896 

.. 1·8940 2'843 8·114 0·3280 .. 1·992 2·800 0·4426 

.. 1·7010 2·385 6·353 0'0459 .. 1'677 4·265 0·3720 

.. 1·878 2·681 6·187 .. .. 2·365 6·295 0·5321 

.. 1·980 2·606 2·808 .. .. .. 7·285 0·4920 
, 

Shed Total in 
bolls. the whole 

plant. 

.. 2·nO' 

. . 3'0873 

.. 5'5832 

.. 
J 

8'8259 

0·0781 12·2636 

0·2004 12·9049 

0·3669 14·4942 

0·8254 19·2390 

0·9405 17'7394 

1·1440 21·0821 

1·0350 . . 
; 



Date. 

15th October .. 
29th October .. 
12th November .. 
26th November .. 

lOth December .. 
24th December .. 

7th January .. 
21st January .. 
4th February .. 

18th February .. 

4th March .. 
11th March .. 

TABLE No. 123. 

Total ash in gramme8 in the different organs of the cotton pla~t. (Unproteetea.) 
1930-31. 

I 

Istemand Green Flower- Shed Shed Shed Roots. leaves. buds. Flowers. Bolls. leaves. buds. bolls. Ibranches. 

I 

.. 0·2767 0·4740 2·3570 .. .. .. 0·2687 .. .. 

.. 0·4178 0·9212 3·2280 0·0486 .. .. 0'5790 .. .. 

.. 0·5000 1·3020 4·2560 .. .. .. 0·6645 .. .. 

.. 1·1310 1·5530 5·4500 0·1470 .. .. 0·8237 .. .. 

.. 1'5080 1·5360 6-4710 0·5870 -' .. I-M30 0-0175 0-3975 

.. 1·3220 1·2180 6-2660 '1·5461 0:0484 0-5776 2-0640 .. 0·4979 

.. 1·4910 2·1980 7·7690 '1-2772 .. 1'5320 1·8670 0,]566 0-4852 

.. 1·6500 2·3900 8·0060 .. .. 1-1790 3-3120 0·1545 1·2140 

.. 1·2720 1-8780 6·0470 .. .. 5-8620 6'6160 0·1943 1-8520 

.. 1·4690 12-0050 6·1840 .. .. '·1280 11·5080 .0·0665 . 1'5810 

.. 1·7160 2-3290 3·1110 I .. .. 6-2070 7-6680 0·0849 1·6900 

.. 1-588012-1180 2-5870 .. .. '·8370 8·3018 0-1:!40 1'5420 
I 

I I 

Total 
&shin Rate of 

the mineraI 
whole intake. 
plant. 

3·3761 . . 
5·1946 1'8185 

6·7225 1·5279 

9·1047 2·3822 

12-0600 2-9553 

12-5400 0·4800 

15·7760 3·2360 

18·6055 2·8295 

22·5213 3·9158 

21·9415 .. 
21-8009 .. 
19'0970 .. 



Date. 

18th September 

25th September 

1st October .. 
8th October .. 

29th October .. 
12th November 

26th November 

lOth Deoomber 

23rd December .• 

6th January .. 
20th January .. 

3rd Februal'Y .. 
17th February .. 
2nd March .. 

16th March .. 

TABLE No. 124. 

Total ash in grammes in the different organs of the cotton plant. (Unprotected.) 

1931-32. 
, 

( 

Roots. Stem and Green Flower- Flowers. BoIIs. Shed Shed 
branches. leaves. buds. leaves. buds. 

., 0'0567 0'0446 0·3746 .. .. .. .. . . 

.. 0'0780 0'0750 0·5856 .. .. . . .. . . 

.. 0·0952 0·1252 0·7606 .. . . .. .. .. 

.. 0·1890 0'2853 1·3885 .. .. .. .. . . 

.. 0·3776 0'7333 2·3325 .. .. .. 0'6437 . . 

.. 0·5550 0'9120 3·5137 0·3661 .. .. 0·6215 .. 

.. I 0.9563

1 

1'5048 6·0850 0·1380 .. . . 1·1232 0·0804 

.. 1·2540 2'0234 7·9116 0·4352 .. ., 1·3940 " 

.. 1·2750 1'9564 7·7317 0·6887 0·1681 0·3262 1·3939 .. 

.. 1·7254 1'8150 9·3122 0·7315 0·0130 1·1579 2·5027 0·1370 

.. 1· 5577 1'9929 9'0415 0·3602 .. 2·5500 2·7750 " 

.. 1·6380 2'0412 8·0370 0·0620 .. 2·8000 2'9767 " 

.. 1·8340 2'0312 6·6495 .. .. 3· 8981 3·7275 " 

.. 1·7255 2'0020 4·6156 .. .. 5·7375 5'9940 -. 

.. 1·8675 2·6000 3·3525 .. .. 5·3650 7'9100 .. 

I 
Shed Total. bolIs. 

" 0·4759 

" 0·7386 

" 0·9810 

" 1·8628 

" 4·0871 

.. 0·9683 

.. 9·8877 

.. 13'0182 

0·1907 13·7307 

0·3605 17·7552 

0·7572 19·0345 

1·8225 19·3774 

1·3150 19·4553 

1·0080 21·0826 

1·7160 22· 8110 



422 

TABU No. 125. 

Percentage mineral compo8ition 0/ dry matter in the different O1'gG1&8 0/ tAl c:ottOft 
plant grO'UJ'n under 8potted boU-worm conditions. 

Components. 

-~~ 

Ash 
PIOG 
Lime 
KIO 

Ash 
PIOG 
Lime 
K:aO 

Ash 
PaO& 
Lim€! 
KilO 

Ash .. 
PaOG 
Lime 
KilO 

Ash 
PaOG 
Lime 
KIO 

Ash 
PaOG 
Lime 
KIO 

Ash "' PIOG 
Lime .. 
KIO "' 
-. 

1930-31. 

.. 
"1 

I 

"'I .. 
"j 

Phase of growth. 

Appearance of 
flower buds. I Maturation of bolla. 

7·21 
0·8292 
0·6550 
3'3742 

ROOTS. 

'·63 

1·2250 
0·4921 

STEM OIl BlUXCJIlIlI. 

10·23 6·16 
O· 8611 
1·3100 2'0100 
3'7112 1·2930 

LEAVES. 

15·33 
1·026 
4·3700 
4·1258 

BOLIoI. 

SHED LEAVES. 

SHED BUDS. 

SJIlIlD BOLlS. 

22·06 

7·4500 
'·7457 

8·26 

0·9600 
1·6730 

17·5000 

8·4550 
6·0362 

15'5750 

17·2560 

2·8600 
1-27'0 



423 

TABLlil No. 126. 

Percentage mineral comp08ition oj dry matter in the different organs oj the cotton 
plant grown. under. 8POtted boll~worm conditions. 

Components. 

Ash 

Lime 

K,O 

Ash 

PaO ... '.' 

Lime .. ,. 

K,O .. 

Ash "I PsOG -j,. .. 
Lime .. 

"j KaO .. .. 

Ash 

Lime 

K,O 

1931·32. 

Phase of plant growth. 

Appearance of I Appearance of I 
flower· buds. flowers. 

I 

End of 
flowering. 

8·56 

0·9792 

0·5100 

3·1767 

12·2000 

0·8197 

1·2500 

3·5199 

17'59 

1·1036 

3·8900 

3·2348 

: .. 

ROOTS. 

6·61 5·50 

0·7176 0·4338 

2·0777 1·8000 

5·0909 

STEM AN]) BRANCHES. 

7'65 

0·9409 

2·1000 

3'8934 

17·90 

1·4799 

11·3000 

3'254~ 

LEAVES. 

7·10 

0·6379 

2·8800 

21·05 

1·2185 

8·4000 

FLOWER BUDS. 

14·04 . ,13'08, 

1·6713 ,1'4225 

1'8000 5·0000 

2·6149 

I 
Maturation of 

bolls. 

, .. 

5·50 

0·4976 

2·1600 

1·7046 

6'00 

0·4018 . 

1·9200 

2·3244 

22·79 

0'6251 

8'9600 

5·p37 



424 

. TABLE No. 126-;....:(contd.) 

Percentage mineral composition oj dry matte, in different organa oj 1M cotton plant 
grown 'Under spotted boU-worm conditi0n8. 

Ash 

Lime 

Ash 

Lime 

Ash 

Lime 

Ash 

PaO; 

Lime 

KaO 

Components. 

1931-32. 

Phase of plant growth. 

Appearance of I Appearance of I' End of 
flower-buds flowers. 1l0wering. 

F'LOWEBS_ 

13·90 

1·8509 

4·5778 

'4·7355 

14·80 

I· 8381 

2·6000 

3·5835 

HOLLS. 

12·20 

1·9720 

4'5333 

9'05 

1·2694 

3·0000 

SIlED LB&VB9. 

20·82 21·90 

1'1929 1·3332 

2'8000 10·3000 

2·3244 

SHED BOLLS. 

11·10 

1·1036 

3·0000 

3·2500 

I Maturation of 
bolle. 

7·70 

0·9122 

1·4800 

4·0908 

22·46 

1·1865 

9·1000 

'·8036 

14·18 

1·0398 

3·'800 



'" .. 

Date. 

27th August 

'10th September 

24th September 

8th October 

22nd October 

5th November 

19th November 

3rd December 

17th December 

31st December 

14th January 

28th January 

llth February 

25th February 

, . 
.. .. .. 
.. .. 
. , 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

TABLE No. 127. 

Percenta.ge nitrogen in the different wgans of the cotton plant. (Unprotected.) 
1928-29. 

'I t I Stem and I Green I Roo s. branches. leaves_ 

I 

.. 1·2000 1·7500 3·3900 

.. 1·0700 1·7580 3·4000 
, 

1·3940 a·0180 ., 0·8736 

.. 0·5843 9·7759 2·8600 

.. 0·5461 0·6993 2·5430 

.. 0·4742 0·6275 2·4710 

.. 0·3783 0·5127 2·1550 

.. 0·3877 0·4627 2·0260 

.. 0·3263 0·4024 1·9590 

.. 0·3309 0·3980 1·7040 

.. 0·3355 0·3936 1·6500 

.. 0·2773 0·3667 1·5430 

.. 0·3242 

I 
0·3774 1·5100 

.. 0·2936 O· 3271 1·6230 

I 

Flower
buds. 

. . 

. . 

.. 

.. 
3·1720 

2·7870 

2·6150 

2·5860 

2'4960 

2·3610 

2·3200 

2·1870 

.. 

.. 

I Flowers. I Bolls. I Shed I leaves. 

. . .. . . 

. , .. . . 
" .. .. 

.. .. .. 
' " .. .. . . 
" .. 1·3857 

2·2620 2·2710 1·2635 

2·1'170 2·1260 1·1211 

2·'0650 1·5160 1·1394 

2·0650 1·4620 1·2615 

2·0520 1·4350 1·2614 

2·1190 1·2470 1·1000 

.. 1·2420 1·2727 

.. 1·4030 1·0441 

Shed 
buds. 

.. 

.. 

.. 

.. 

.. 
0'5806 

2·0236 

1·6267 

2·1450 

2·1475 

2·0100 

1·8920 

2·1340 

2·0762 

Shed 
bolls. 

. . 
... 
. . 
. . 
.. 
.. 

. . 
2·0089 

1·5745 

1·7720 

1-15298 

1·5160 

1·8490 

1·5345 



Date. 

2nd September .. 
16th Septemb~r .. 
80th September .. 
14th Ootober .. 
28th Ootober .. 
llt.h November .. 
!15th November .. 
9th Deoember .. 

23rd Deoember .. 
6th January .. 

20th January .. 
8rd February .. 

17th February .. 
8rd llarob .. 

TABLE No. 128. 

Percentage nitrogen in the different Mgan8 of the cotion plant. (Unprotected.) 
1929·30. 

Roots. 
I 

Stem and I Green I 
branohes. . leaves. 

.. 1·1490 1·7080 3·1)32 

.. 1·3170 1·5030 3'840 

.. 0'9069 1·2580 3·297 

.. 0·5895 0·8872 3·522 

.. 0·7018 0·7877 2·922 

.. 0·5892 0·6553 2·806 

.. 0'4850 0·5590 2'465 

.. 0·5052 0''1679 2'533 

.. 0·4445 0·5389 2·020 

.. 0·4581 0,,917 I·M' 

.. 0·4054 0·4380 1·726 

.. 0·3596 0·4250 1·805 

.. 0·2806 0·4119 1·635 

.. 0,3922 0'4~6 1'''8 

Flower. I' Flowe1'8. j buds. 

.. .. 

.. .. 

.. .. 
3·416 .. 
3·380 .. 
3·6·U .. 
3·031 2·551 

2·977 2'622 

8·772 .. 
2·7-18 2·672 

2·406 .. 
.. .. 
.. .. 
.. .. 

Bolla. I Shed I leaves. 

.. .. 

.. ' .. 

.. .. 

.. 2·370 

.. 2'556 

.. 2·582 

2·291 2·384 

2·755 2·1R9 

2·748 ~l-034 

1·733 1·980 

1·707 1'682 

1·381 1'608 

1'495 1,464 

1·229 l'U8 

Shed 
bud •• 

.. 

.. 

.. 

.. 
2·591 

2'980 

2''189 

2'736 

2·640 

2·775 

2'564 

2''145 

2·602 

2·828 

Shed 
bolla. 

.. 
. .. 
.. 
.. 
.. 
.. 

1'913 

2'020 

1-1/26 

1·926 

1'922 

1''192 

1·740 

1·740 



Date. 

3rd September 

10th September .. 
17th September 

4th September .. 
1st October .. .. 

15th October .. .. 
29th October .. .. 
12th November .. .. 
26th November .. .. 
10th December .. .. 
24th Deoember 

' , .. .. 
7th January .. .. 

21st January .. .. 
4th February ',. .. 

18th February .. .. 
4th March .. .. 

18th March .. .. 

TABLE No. 129. 

Percentage nitrogen in the different organs of the unprotected plants. 
1930-31. 

.. .. .. 
1·255 1·355 3·186 

.. Field inac 

1·069 1·412 3·565 

0·687 1·086 3·354 

0·795 0·872 3·292 

0·569 0·701 3·470 

0·632 0·667 3·082 

0·631 0·646 2·966 

0·491 0·669 2·765 

0·434 0·562 2·560 

0·510 0·479 2·220 

0·402 0·432 1·912 

0·325 0·400 1·396 

0·395 0·470 1·850 

0·371 0·378 1·595 

0·448 0·418 1·564 

Flower. 
buds. 

.. 

.. 
Ce8sible • 

.. 

.. 
3·463 

' 3·489 

3·505 

3·540 

3·132 

3·334 

2·968 

.. 

.. 

.. 

.. 

.. 

I Flowem·1 

.. 

.. 

.. 

.. 

.. 

. . 

. . 

. . 
2·713 

2·662 

.. 

.. 

. . 

. . 

.. 

. . 

BoIls. 

. . 

.. 

.. 

.. 

.. 

.. 

.. 
2·077 

.. 
2·865 

2·628 

1·472 

1·155 

1·153 

1·275 

1·220 

Shed 
leaves. 

. . 

.. 

.. 

.. 
1·908 

1·972 

2·291 

1·869 

1·932 

1·885 

1·628 

1·533 

1·359 

1·289 

1·214 

1·191 

Shed 
buds. 

.. 

.. 

.. 

.. 
3·034 

2·943 

2·679 

2·872 

2·918 

, .. 
2·451 

2·408 

2·307 

2·488 

. . 
2·201 

Shed 
boIls. 

. . 

. . 

. . 

. . 

. . 

. . 
1·933 

2·322 

1·977 

1·855 

1·840 

1·730 

1·820 

1·689 

1·601 

1·641 



,Da.te. 

18th September 

t5th September 

1st Ootober 

8th Ootob6r 

tDth Ootober 

12th November 

t6th November 

10th Deoember 

t3rd December 

6th January 

tOth January 

3rd February 

17th February 

2nd March 

16th March 

TABLE No. 130 . 

. 'Percentage nitrogen in tke different organs oj the cotton plant in grammes.(Unprotected.) 

1931-32. 

I I 
Stem and 

Roots. branches. 

.. .. 0·9286 1·1819 

.. .. 0·9694 1·2480 

.. .. 0·6641 1·1284 

.. .. 0·6374 1·2072 

.. .. 0·6776 0·9600 

.. 0·7150 0·8173 

.. 0·5999 0·6629 
, ' 

.. · . 0:5279 0·6237 

.. 0·5022 0·5761 

. ,- .. 0:4672 0·5456 

.. .. 0·4588 0·5187 

.. · . 0·4035 0·4165 

.. · . 0·4257 0·"19 

.. .. 0·"57 0·5303 

.. .. 0·4327 0·4849 

Green 
leaves. 

,3·0926 

2·9503 

2·8942 

3·1995 

2·9745 

2·8691 

2·9334 

2'7417 

2·8819 

2·4592 

2·2932 

2·1902 

1'9474 

1·9274 

1·8890 

Flower. 
buds. 

.. 

.. 

.. ' 

.. 

.. 
3·3694 

2·8305 

3·3179 

3·2150 

3·1770 

2·5867 

2·2056 

.. 

.. 

.. 

I 

Flowers. I Bolls. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. 2·8742 i 
I .. .. 

2'6903 2·6498 

2'7666 2·1011 

2'5924 1'9466 

2'4085 1·4924 

. , 1·2550 

.. 1·9720 

.. 1'2627 

Shed 
leaves. 

.. 

.. 

.. 

. . 
1·6757 

1·5329 

1·7116 

1·6216 

1·5445 

1·5631 

1·"78 

1·2419 

1·1266 

1·0867 

1·0667 

Shed 
buds. 

. . 

. . 

. . 
" 

. . 

. . 
3·2536 

. . 
2·7803 

2'5360 
, , 

.. 

.. 

.. 

. . 
" 

Shed 
bolls. 

. . 

. . 

., 

.. 

.. 

.. 

.. 
2·1270 

2·0749 

2·0872 

2·0642 

1·8321 

1·6907 

1·6982 

1·6876 
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TABLE No. 131. 

Dry matter and nitrogen content of developing bolls in grammes. (Without bracts.) 

(From the flower stage to maturity.) 

1928·29. 

. Date. Average Per cent I Dry matter Tot.al nitrogen Per cent . 
of bolls. moisture. per boll. per boll. nitrogen. 

I 

15th December .. 24 75·23 0·0217 0'0007 3·178 
17th December .. 11 79·40 0·0273 0·0012 4·407 

19th December .. 12 81·96 0·0383 0·0015 3·967 
21st December .. 12 80·86 0·0633 0·0021 3·252 

23rd December .. 10 81·78 0·0900 0·0028 3·113 
25th December .. 12 80·24 0·1383 0·0033 2·389 

27th December .. 8 83·88 0·1441 0·0037 2·595 
29th December .. 9 ~ 81·30 0·2900 0·0051 1·776 

31st December .. 5 81·21 0·4080 0·0071 1·716 
2nd J a.nuary .. 5 81·55 0·4740 0·0081 . 1·715 

4th January .. 6 77·97 0·9517 0·0143 1·503 
11th January .. 5 81·65 0'7840 0·0113 1·409 

8th January .. 7 84-'45 0·8890 0·0151 1·696 
10th January .. ·6 83·99 1·1407 0·0185 1·624 

12th .Tanuary .. 6 79·92 1·7290 0·0247 1'429 
14th January .. 5 .. 1·7600 .. " 

16th January .. 5 84'82 1·5200 .. .. 
19th J anuBry _ ..... (; 79·01 2·0400 .. .. 
21st January .. 5 79·00 2·1000 .. .. 
23rd January .. (; 78·35 2·0000 .. .. 
25th January .. 6 80·92 2·2000 0·0292 1·327 
28th January .. 7 76·31 2·2571 .. .. 

1st February .. 8 .. .. .. .. 
4th February .. 10 69·27 2·7200 0·0349 1·283 

6th February .. 9 .. .. .. 
9th February .. 9 .. . . .. .. 

11th February .. 8 .. .. .. .. 
14th February .. 7 65·07 3'428 0·0444 1·295 

16th February .. 7 67·26 2·900 0·0392 .. 



Date. 

'27th August .. 
lOth September 

'24th September 

8th Ootober .. 
'22nd Ootober .. 

5th November •• 

19th November 

3rd December •• 

17th Deoember .. 

~ll1t December .. 
14th Janua!7 .. 
18th Janua!7 .. 
11th Februa!7 . . 
25th Februa!7 . . 

TABLE No. 132. 

TotaZ nitr.ogen in grammes in the different organs oj ihe cotton pZant. (Unprotected.) 

1928-29. 

Roots. Stem and Green Flower- I FI ers Bolls. 
. Shed Shed 

bra.nches. leaves. buds. ! ow • leaves. buds. 

I 
I 

0' 0055 1 I .. 0·0069 0·0644 .. .. .. .. .. 
i 

., 0·0118 0·0142 0·1229 .. .. .. .. .. 

.. 0·0349 0·0509 0·4204 .. .. .. .. .. 

.. 0·0474 0·0878 0·6992 .. .. .. .. .. 

.. 0·0654 0·1137 0·7971 0·0130 .. .. .. .. 

.... 0·1219 0·2548 1·2150 0·0471 .. .. 0·0104 0·0036 

.. 0·1249 0·2402 1·1220 0·1070 0·0125 0·0164 0·0351 0·0228 

.. 0·1426 0·2678 1·1320 0'0538 0·0053 0·0543 0·0428 0·0122 

.. 0·1554 0·2340 1·0760 0·0719 0·0232 0·0834 0·0883 0·0429 

.. 0,2048 0·2408 1·2340 0·0904 0,0103 0·1487 0·1825 0·0859 

.. 0,1810 0·1784 0,6769 0·0271 0'0038 0·4785 0·0883 0·0402 

.. 0,2067 0·2854 0·7519 0.0219
1 

0·0176 0·6197 0·1100 0·0948 

.. 0·14411 0·2768 0·6149 .. 

I 
.. 0·6408 0·1909 0·1067 

.. 0·1585 0·1570 0·3359 .. .. 0·6454 0·1949 0·0692 

t o 

Shed Total. bolls. 

I .. 0·0768 
i .. 0·1489 

.. 0,5062 

., 0'8344 

.. 0'9892 

.. 1,6528 

.. 1,6809 

0·0228 1·7332 

0'0453 1,817' 

0·0827 2,2779 

0·0408 1,6950 

0·0758 J·0838 

0·1017 1·9762 

0·0844 1·8453 



Date. 

2nd September 

16th September 

30th September 

14th October .. 
28th October .. 

11th November 

25th November 

9th December •• 

23rd December .• 

6th January .. 
20th January .. 
lIrd February .. 

17th February .. 
3rd March .. 

TABLE No. 133. 

Total nitrogen in grammes in the different organs oj the cotton plant. (Unprotected.) 

1929-30. 

Fm-. In I Stem and Green Shed Shed Roots. branches. leaves. buds. owers. Bolls. leaves. buds. 
I 

I 
.. 0·0071 0·OlO2 0·1144 .. .. .. .. .. 
.. 0·0482 0·0232 0·2377 .. .. .. .. .. 
.. 0·0307 0·0640 0·4747 .. .. .. .. " 

.. 0·0321 0·0773 0·7001 0'OlO5 .. .. 0'0846 0·0015 

.. 0·0525 0·10lO 0·5977 0'0254 .. .. 0·1917 0·0059 

.. 0·0678 0·1069 0·9471 0'0473 .. .. 0·2143 0·0423 

.. 0·1018 0·1705 0·9226 0·0834 0·0033 0·0038 0·2323 0·0605 

.. 0·1273 0·2572 
I 

0·9421 0'0923 O· 0011; 0·0331 0·2473 0·0684 

.. 0,1712 0·2123 0·8790 0'1736 .. 0·2088 0·2441 0·0819 

.. 0·1907 0·2055 0·8116 0·0742 0·0077 0.4709 0·3168 0·0972 

.. 0'1682 0·1935 0·6013 0'0099 .. 0·4958 0·3560 0·0769 

.. 0'lin8 0·1824 0·5846 .. .. 0·5994 0·5180 0·1098 

.. 0'1040 0·1579 0·2190 .. .. 0·7323 0·5295 0·1013 

.. 0·1246 
0'

1556 l 0·1622 .. 
I 

.. 0·5255 0·5032 0·0349 

I 

Total 
Shed nitrogen 
bolls. in the 

whole' . plant • 

.. 0·1317 

.. 0·3091 

.. 0·5694 

.. 0·9016 

.. 0·9742 

.. 1·4256 

0·0128 1·6010 

0·0364 1·8056 

0·0636 2·0345 

0·1493 2·3209 

0·1730 2·1036 

0·1863 2·3423 

0·2404 2·0844 

0·1014 1·6074 



TABLE No. 134. 
~otaJ nitrogen in grammes in the different organs .0J tM cotton plant. (Unprotected.) 

1930-31. . 
.... 
~ .. 

I 

3rd September .. .. .. . . .. · . . . .. . . .. . . 
loth September · . 0·0069 0·0037 0·0406 .. .. .. .. .. . . 0·0512 

17th September Fields una pproachab Ie due to heavy rai DB. 

24th September · . 0·0150 0·0176 0·0171 .. .. .. .. .. . . 0·0497 

lat Ootober . . .. 0·0143 0·0353 0·2991 .. .. .. . . . . . . 0·3487 

15th Ootober . . .. 0·0390 0·0532 0·4279 0·0101 .. .. 0·0267 0·0018 .. 0·5587 

29th Ootober .. · . 0·0376 0·0855 0·5900 0·0142 .. .. 0·0591 0·0589 .. 0·8453 

12th November .. 0·0505 0·1161 0·8198 0·0059 .. .. 0·0687 0·0536 0·0271 1·IU7 

26th November .. 0·1010 0·1511 0·9371 0·0425 .. 0·0037 0·0828 0·0057 0·0046 1·3285 

10th Deoember •• .. 0·1257 0·1489 0·0290 0·1409 0·0041 .. 0·1449 0·0036 0·0741 1·6712 

24th Deoember •• .. 0·1040 0·1148 0·8969 0·1467 0·0106 0·1147 0·1791 0·(}048 0·0742 1·6458-

7th January .. .. 0·1236 0·1571 0·8748 0·0653 0·0041 0·3532 0·1464 0·0294 0·0883 1·8425 

218t January .. .. 0·1205 0·1781 0·6579 .. .. 0·3741 0·2453 0·0289 0·1730 1·'1778 

"h February .. .. 0·0779 0·1331 0·4119 .. .. 0·8720 0·3568 0·0346 0·2599 2·1462 

18tb February .. .. 0·1114 0·1387 0·4302 .. .. 0·8360 0·3287 0·0124 0·1986 11·0658 

4thMaroh .. .. 0·1065 0·1385 0·2180 .. · . 0·8922 0·4288 0·0163 0·2082 2·0086 

IUh March . . .. 0·1175 0.17231 0·1799 . . · . 0·8117 0·3336 0·0220 0·1970 1·8339 

The fig urea italio i sed are oal!culated onl the pt'1't!8:ntage of 'be flguree of tbe pre vioua fort ni~ht. 



'" '" 
TABLE No. 135. 

.Total nitrogen in grammes in the different organs oJ the cotton plant. (Unprotected.) 

1931-32. 

Date. 

I 
18t.h September •• .. 0·0062 . 0·0053 

25th September .. 0·0097 0·0090 

1st October .. .. 0·0070 0·0117 

8th October .. .. 0·0159 0·0346 

29th Ootober .. .. 0·0322 0·0704 

12th November .. 0·0536 0·0872 

26th November .. 0·0876 0·1511 

10th December .• .. 0·1003 0·1672 

23rd December .• .. 0·1067 0·1599 

6th January .. .. 0·1250 0·1500 

20th January " .. 0·1153 0·1388 

3rd February .. .. 0·1049 0·1479 

17th February .. .. 0·1192 0·1436 

2nd March .. .. 0·1326 0·1485 

16th March .. .. 0·1197 0·1940 

0·0706 .. .. .. 
0·1016 .. .. .. 
0'1~71 .. .. .. 
0·2880 .. .. .. 

0·4462 .. . . .. 
0·6073 0·0096 .. .. 
0·9945 0·0283 0'0009 0·0057 

1·2.502 0·1062 0'0118 0·0159 

1·2176 0·1527 0'0336 0·0662 

1·1866 0·1747 0·0277 0·2548 

0·9689 0'0711 0'0324 0·4866 

0·8323 0·0110 0·0048 0·7462 

0·6037 .. .. 0·6130 

0·3919 .. .. 1·6762 

0·2833 .. .. 0·9155 

i 
I 

.. 

.. 

.. 

.. 

0·0419 

0·0460 

0·0890 

0·1103 

0·1043 

0·1837 

0·1810 

0·1677 

0·1972 

0·2934 

0·3733 

Shed 
buds. 

.. 

.. 

.. 

.. 

.. 

.. 
0'0195 

0·0111 

0'0209 

0·0254 

0·0254 

. . 

. . 
0·0254 

. . 

Shed 
bolls. 

.. 

.. 

.. 

.. 

.. 

. . 

.. 
0·0034 

0·0363 

0·0731 

0·1393 

0·2748 

0·1691 

0·1528 

0·2025 

Total. 

0·0821 

0·'1203 

0·1358 

0·3385 

0·5907 

0·8037 

1·3766 

1·7764, 

1·8982 

2·2010 

2·1588 

2·2896 

1·8458 

2·8208 

2·0883 



~ABU No. 136. 

Percentage 0/ the different form, 0/ nitrogen in tlario1u orgaM. 0/ 1M pla,,'. 
(Unprotected.) 

1926-27. 

YOUNG !d:AVB8. 

Ammoniacal Soluble Amid Insoluble Total Date. albuminoid albuminoid nitrogen. nitrogen. nitrogen. 'nitrogen. nitrogen. 

-

11th October ., .. 0·050 1·526 0·293 2·394 4·263 
21st October .. .. 0·043 0'093 0·390 3·086 3,811 

1st November .• .. 0,053 0·342 0·063 2·867 3,311; 
11th November .- 0'031 0·157 0:·273 2·848 3-309 

25th N o.vember -- 0-034 0·115 0-348 2·826 3·322 
11 th December ., -. 0'054 (j·398 0·294 2·656 3-402 

25th Decetnber _. .. 0·041 0·107 0·521 2·973 3·642 
10th January .. .- 0-055 0-181 0-136 2·213 2-684 

25th J ailuary -' -- 0'040 0·138 0·236 1·953 2-366 
9th February -- -- 0-025 0-128 0'455 2·025 2-633 

24th February -- .- 0-026 0·082 0-208 1·760 2-078 
11th March -- -- 0'203 0-141 0·191 10/:;50 2-085 

.--

ADULT LEAVES_ 

I 
11th October _. .- 0'0342 .. 0-4037 .. 3'423 
21st October _. -- 0-045 0·194 0·240 2-672 3-Un 

1st November .- .- 0-029 0-142 0·250 2-682 3-010 
11th November _ . .. 0·024 0·249 0·319 2·116 2-708 

25th November._ .. 0·025 0-181 0·438 1·688 2·332 
11th December •• .. 0·007 0·155 0~260 1·869 2-281 

25th December •• .. 0·024 1·128 0·053 1·013 2·218 
10th January .. .. 0·023 0·081 0·722 0-931 1·777 

25th January .. -- 0·034 0-142 0·171 1·363 1·710 
9th Febru,ary .. .. 0·020 0·117 0-273 1·161 1·671 

-
0·250 1·093 1·382 24th February .. -- 0·007 0·032 

11th March .. .- 0-019 0·166 0·118 0·910 1-243 
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TABLE No. 136~contd.) 

Percentage oj the different J01mB CJJ nitrcgen in t:aruu8 Grga?l8 oj the plant. 
(U nprotected.) 

. Date. 

11th October .. 
21st October .. 

1st November., 

11th November 
25th November 
11th December .. 

25th December .. 
10th January .. 
25th January .. 
9th February .. 
4th February .. 

11th March .. 2 

c 

11th October .. 
2 Is1) October .. 

1st November .. 

11th November 
2 5th November .. 
11th December .. 

2 

2 

5th December .. 
10th January 
5th January 

9th February 
2 4th February 
11th March 

11th Ootober 
21st Ootober 

.. .. 

.. .. .. 

1st ~9vember ., 

11th November 
25tl1 Noyember 

Ammoniacal 
nitrogen. 

I 
... '" .. 0'088 .. 0·052 

.. 0·068 .. 0·079 

.. 0·042 

.. 0·029 .. 0·078 .. 0·047 

.. . . .. .. .. .. 

.. .. .. .. .. .. 

.. 0·036 .. 0·086 .. 0·035 

.. 0'043 .. 0·091 .. 0·041 

.. 0·057 .. 0·059 .. 0·087 

1926·27. 

Soluble Amid Insoluble Total albuminoid nitrogen. albuminoid nitrogen. nit~ogen. nitrogen. 

YOUNG Buns. 

.. .. .. .. 
0·333 0·374 2·56" 3·360 
1·216 0·618 2·254 3·994 

0·337 0·562 2·195 3·162 
0·276 0·551 2·293 3·199 
0·483 0·373 2·128 3·026 

0·293 0·388 2·336 3·046 
0·033 0'600 2·131 2·842 
0'451 0·377 1·782 2·657 

.. .. . . . . .. .. .. . . 
I .. .. .. ., 

f 

Fr,owERs. 

I . . .. . . .. 
.. . . .. 

J 

.. 
.. .. . . . . 

0·304 0·323 1·769 2·432 
0·275 0·238 1·857 2·456 
0·321 0·345 1·796 2'497 

0·224 0·436 1·916 2·619 
0'067 0·450 1·861 2·469 
0·155 0·306 1·908 2·410 

0·067 0'659 1·627 2·410 
0·112 0·010 }·508 1·689 
0·025 0·302 1·977 2·391 

YOUNG BOLLS. 

". 
_ E 

-
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TABLE No; 136-(contd.) 

Percentage of the different forms oJ nitrogen in tlarWu8 orga1Ul 0/ the plaft4. 
(Unprotected.) 

1926·27. 

Ammoniacal Soluble I Amid IlllIOluble Total Date. nitrogen. albuminoid nitrogen. albuminoid nitrogen. nitrogen. I nitrogen. 

YOUNG BoLLS-(contd.) 

11th December •. .. 0·123 0·35&. 0·323 1·688 2'492 
25th December .. .. 0·077 0·927 0·117 1·307 2·428 
10th January .. .. 0·038 0·028 0·417 2·086 2·669 
25th January .. .. 0·067 0·285 0·290 1'864 ~·!i06 . 

9th February .. .. 0·038 0·181 0·409 1'741 2·3419 
24th February .. .. 0·033 0·200 0'456 1·952 ·2·640 
11th March .. .. 0·067 0·045 0·314 1·803 2·229 

, 

SHED Bol.1.S. 

11th October .. .. .. .. .. .. · . 21st October .. .. .. .. .. . . .. 
1st November .. . .. - --- . _ . .. .. .. .. .. .. 

11th November .. .. .. .. .. .. 
25th November . ,. .. .. ", .. ~, 

11th Deeember .. .. 0·252 

I 
0·206 0·343 1·609 2·410 

25th December .. .. 0·123 0·045 0·163 1·294 1·62"-
10th January .. .. 0·037 0·016 0·305 2·200 . !l·61!8 

25th January 0·335 0·190 I 0·331 I 1·856 2·412 .. .. 
I 9th February .. .. 0·008 0·164 0·578 I 1·239 1·979 

24th February .. .. 0·ll8 0·067 

I 
0·366 

I 
1·404 1·943 

11th March .. .. 0·081 0·083 0·232 1·352 1·748 

MATURB BOLLS. 

, . 

.-
11th October .. .. .. .. . . . . .. 
21st October .. .. .. .. .. .. · . 

1st November .. .. .. ... .. .. . . 
11th November. .. .. .. .. .. .. 
25th November .. .. .. .. .. .. 
11th December '1' .. .. .. .. .. .. 
25th December •• .. .. .. .. .. . . 
10th January .. .. .. .. .. .. .. 

I 

25th January .. .. .. .. . . , . · . 
9th February .. .. 0·039 0·046 0·701 0·866 1·652 

24th February .. .. 0·032 0·281 0·817 0·722 1·852 
11th March .. .. 0·035 0·075 0·567 0·920 1'599 
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TABLE No. 137. 

Percentage oj the different JorrM oj nitrogen in vari0'U8 organs oj the plant. 
(Unprotected.) 

Date: 

5th September 
15th September 
27th September 
13th October 
28th October 
14th November 
28th November 
12th December 
26th December 
9th January 

23rd January 
6th February 

5th September 
15th September 
27th September 
13th October 
2~th October 
14th November 
28th November 
12th December 
26th Dceember 
9th January 

23rd January 
6th February 

5th September 
15th September 

7th September 2 

2 
13th.Ootober 

8th Ootober 
14th November 
28th November 
12th December 
26th December 
9th January 

23rd January 
6th February 

• . . &-

.. .. 

.. .. 

.. .. .. .. .. 

.. .. .. 

.. 

.. .. 

.. 

.. 

.. .. 

.. 

.. .. .. 

.. 

.. 

.. .. 

.. .. .. 

.. 

.. .. .. .. .. 
-

1927-28. 

YOUNG LEAVES. 

Ammoniacal I Solu~le. Ami<l 
nitrogen. I al~UIIllnold 

mtrogen. nitrogen. 

.. .. I " .. .. 
" 0·076 0·162 0'439 

0·088 0·625 0·407 
0·085 0·179 0·541 
0·073 0·323 0·120 
0·050 0,)23 0·238 
0·051 0·059 0·095 
0·030 0·250 0·458 
0'041 0·111 0·295 
0·()50 0·212 0·300 
0·036 0·Oa3 0·281 

ADULT LEAVES. 

.. .. .. .. .. .. 
0'042 0·293 0·188 
0·050 0·027 0·271 
0·065 0·167' 0·408 
0·071 0·252 0·275 
0·038 0·062 0·337 
0·023 0·107 0·232 
0·034 0·040 0·292 
0·035 0·291 0·294 
0.041 '0·038 0·235 
0·031 0·052 0·182 

i 

YOUNG Buns. 

.. .. .. .. .. " .. .. .. .. .. .. 
0'564 0·300 0·157 
0·065 0·418 0·089 
0·076 0'230 1·361 
0·065 0·280 1·054 
0·088 0'109 0·706 
0·081 0·191 0·540 
0·049 0·184 0·391 
0·063 0·224 0'435 

.... _= .. tt_ 

Insoluble 
Total albuminoid 

nitrogen. nitrogen. 

J 

.. 3'508 
" 3'613 

3·148 3'825 
2·986 4·100 
3·002 3'807 
3·190 3'705 
2'675 3'086 
2·628 2'833 
2·607 3·345 
2·358 2·805 
2'152 2'718 
2·203 2'553 "-----

.. . . 
" 3'184 

2·453 2'976 
2'638 2·986 
2'896 3'535 
2'885 3'483 
2'561 2·997 
2'532 2·894 
2·696 3'063 
1'624 2'244 
1'847 2·161 
1'630 1'906 

I 

" .. 
" .. .. .. .. .. 

2·638 3'158 
2'222 2'794 
3·504 4'171 
2·331 3'730 
2·262 3·163 
2·250 3'062 
2·106 2'730 
2·15Q I 2'872 
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,TABU: No. 137-{contd.} 

Percent" ge 0/ the different /orm. 0/ nitrogen in t"Mi&u, 07901&8 0/ tAc plon" 

(Unprotected.) 

1927·28 

Date. 
. I Soluble I Am~oD1acal albuminoid 

nItrogen. 't I D1 rogen. I 

FLOWEBS. 

2th December .. .. 0·0662 0·3130 

2 6th December ' .. .. 0·0651 0·1290 

9th January .. .. 0·0764 0·0420 

2 3rd January .. .. 0·0467 0·2030 

6th Febl'U6ry .. .. 0·0586 0·0498 

YOUNG BOLLS. 

- . 

12th December .. .. .. .. 
26th December .. .. 0·0435 0·1740 

9th January .. .. 0·0680 0·3310 

23rd January .. .. 0·0606 0·1750 

6th February .. .. 0·0955 0·0500 

SHED BUDS. 

28th November .. 0·1232 0·1700 

12th December •• .. 0·0478 0·0210 

SHED BOLLS. 

, 

12th December •• .. .. .. 
26th December •• .. 0·2118 0·0840 

9th January .. .. 0·1056 0·1190 

23rd January .. .. 0·0838 0·1160 

6th February .. .. 0·0631 0·2180 

,-

Amid 
nitrogen. 

0·8868 

0·5089 

0·3286 

0·3273 

0·4985 

.. 
0·2616 

0·3160 

0·2824 

0·7585 

0·0008 

0·4623 

.. 
0·1912 

0·3494 

0·2974 

0·1549 

Ill80luble 
albuminoid 

nitrogen. 

1·8330 

1·8950 

1·9560 

1·9320 

2·0722 

.. 
2·1960 

1·9160 

1·9820 

1·9870 

1·9960 

1·8250 

.. 
1·9860 

1·3000 

1'2340 

1·2770 

Total 
nitrogen. 

3·0990 

2·6080 

2·4030 

2·5090 

2'0790 

.. 
!·8760 

~'8320 

2·4800 

!·8QIO 

-

2·2900 

2·3560 

. . 
2'4730 

1·8740 

1·7310 

1·7130 



Date. 

24th September 

1st October 

15th October 

29th October 

12th November 

26th November 

10th December 

24th December 

7th January 

21st January 

4th February 

18th February 

4th March .. 
11th March .. 

TABLE No. 138. 

Percentage oj ,iher extract in different organ8 oj the cotton plant. (Unprotected.) 
1930-31. 

RooU!. Stem and Green Flower- FloweN. Bolls. Shed 
branches. leaves. buds. leaves. 

.. .. 2·60 1·47 3·75 .. I .. I .. .. 
2.00 1'55 I .. .. 4·85 .. .. .. .. 

.. .. 2.55 

I 
1·41 3·85 .. .. .. 2·67 

.. .. 1.64 0·70 4·67 .. .. . . 1·83 

.. .. 2.09 0·83 I 3·40 .. .. . . 3·00 

.. .. 2'57 0'87 4'60 2·05 .. .. 2·38 

1'64 0'82 4·63 1·75 I 3·34 .. .. .. . . 
.. .. l'SO 0·S5 5·37 2·27 3·00 2·0S 3·70 

.. .. 1'90 1·15 6·30 1·80 . . I·SO 3·20 

.. .. I I'SO 0·90 6·50 I .. .. 2·20 3·70 

.. S'IO 0·70 6·05 .. .. 5·70 6·65 

.. .. .. 0·S5 4·90 .. .. 5·10 5·25 

.. .. 2'55 O·SO I 7·05 .. .. 7·45 6·00 

.. .. 2'95 1·15 

I 
5·45 .. .. 6·25 7·20 

I 

Shed Shed 
buds. bolls. 

.. . . 

.. . . 

.. . . 

.. . . 

.. . . 

.. . . 
1·47 2·58 

.. 2·25 

1·35 2·40 

1·66 l'S5 

2·40 2·25 

. . 2·35 

.. 2·30 

.. 2'05 

J 



Daw. 

18th September 

25th Sepwmber 

1st Ootober 

8th Ootober 

29th October 

12th November 

26th November 

lOth December 

23rd December 

6th January 

20th January 

3rd February 

17th February 

2nd March 

16th March 

TABLE No. 139. 

Percentage oJ ether extract in the different organs of the cotton plant. (Unprotected.) 

1931·32, 

Shed I I Swmand I Green I 
Flower. I Flowers. I I 

Shed Roots. branches. leaves. buds. Bolls. leaves. flower. 
buds. 

.. .. .. .. .. . . .. .. .. .. 

.. .. 1·80 1·88 3·67 .. .. .. .. .. 
.. .. 1·00 1·30 2'50 .. .. .. .. .. 
.. .. 1·60 1·10 4·20 .. .. .. .. .. 
.. .. 1·60 1·15 2·85 .. .. .. 2·60 .. 
.. .. 1·70 1·10 3·45 .. ~ .. .. 3·45 .. 
.. .. 1·50 1·10 3·40 2·70 .. .. 3·05 2'70 

.. .. 1·30 0·90 3·55 1·85 .. .. 3·10 .. 

.. .. 2'05 1·15 3·75 2·55 2·20 1'85 2·55 .. 

.. .. 2·30 0·95 4·80 1·95 .. 2·00 2'80 .. 

.. .. 1·85 1·15 6·70 2·30 , . ·2·60 3·35 .. 

.. .. 3'50 0·95 6·10 .. .. 2·65 3·70 .. 

.. .. 2·35 0·80 ',25 .. .. 6·60 6·25 .. 

.. .. 2·65 1·30 6·80 . . .. 6·35 5·80 .. 

.. .. 3·00 1·30 7~30 I . . , . 6'25 6·15 .. 
I 

I Shed 
bolls. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
1'85 

3·00 

1·90 

2·45 

2·50 

2·65 

2·85 



TABLE No. 140. 

Total ether extract, in grammes, of the different organs of th·e cotton plant. (Unprotected.) 

1930-31. 

.. . 
Stem and Gree~ Flower. Shed Shed Shed Total in 

Date. .. Roots. Flowers. Bolls. the whole branches. leaves. buds. leaves. buds. bolls. plant • .. 
.. 

I 
0·1800 t 24th September .. " 0·0364 0·0183 .. .. .. .. .. ,', 0'2347 

! 
1st October .. 

" 0·0417 0·0504 0'4326 .. .. .. .. .. .. 0·5247 .. 
15th October .. ,. 0·1103 0·0860 0·5005 .. .. .. 0·0374 .... .. ' 0·7342 

29th October .. .. 0·1082 0·0854 0·8126 .. .. .. 0'0549 .. .. 1·0611 .. 
12th November .. .. 0·1672 0·1403 0·9044 .. .. ' .. 0·0900 .. ' .. 1·3019 

26th November .. .. 0·4112 0·2036 1'4536 0·0246 .. .. 0·1047 . , .. 2'1977. .. 
10th December .. .. 0·4198 0·1825 1·6784 0·0788 .. .. 0·2505 0·0018 0'0968 2·7086 

24th December .. .. 0·4320 0·1734 1'8795 0·0999 0·0120 0·0832 0·3515 .. 0'0900 3·1215 

7th January .. .. 0·4608 0·3772 2'4822 0·0396 .. 0·2419 0·2880 0·0162 0'1152 
I 

4'0211 

21st January .. .. 0·5400 0·3708 2·2360 .. .. 0·5588 0·5920 0·0199 I 0·1850 I 4·5025 

O'~360 I I 
4th February .. .. 0·5040 0·2328 1·7848 .. .. 4·1035 1·7456 0·3186 I 8·7253 

I 

18th February .. .. O· 5791 0·2508 1·1393 .. .. 3·6975 1·3388 0·2761 ! 7·2816 
I 

4th March ... .. 0·6756 0·2933 0·9635 .. .. 5·4261 2·1200 .. 

I 
0·2990 I 9·7775 

I 

11th March .. .. 0·7744 0·4744 0·6268 .. 4·1406 2·0160 .. 0·2460 I 8·2782 



TABLE No. 141. .. ... 

Total ether extract, in grammes, oJ the different organs oJ 'he cotton plant. (Unprotected.) 

1931.32. 

I I 

Da.te. 
., 

Roote. . Stem a.nd Green Flower. Flowers. Bolls. Shed Shed Shed Tatal. branoh~. leaves. buds. leaves. buds. bolls • .. 
. 

23th September .. .. 0·0180 0·0136 0·1264 .. ,. ,. .- .. - . .. 0-1580 .. 
lit October .. -- 0'0106 0·0135 ·0·1011 .. .. .. .. .. ... 0·1252 

8th October . . .. 0·0398 0·0315 0·3780 .. .. . ... .. . . . .. 0·4493 

29th October .. .. 0·0760 0·0843 0·4275 .. .. . ... .. 0·0650 . . .. 0·6528 

12th November .. .. 0-1275 0·1173 0·7303 _. .. .. 0·1035 .. .' . 1-0786 

26th November .. .. .0-2190 0·2508 1-1526 0·0270 .... .. 0·1586 0·0162 . ... 1·82~ 

10th Deoember .. .. 0·2470 0·2412 1·6188 0·0592 .. .. 0·2108 .. .. 2·3770 

23rd Deoember .. .. 0·4356 0·3191 1·5844 0·1211 0·0275 0·0463 0·1721 .. 0·0324 2·7385 

6th January .. .. 0·6153 0·2613 2;3160 0·1073 .. 0·2425 0·3290 .. 0·1050 3·11766-

20th January .. .. 0·4648 0·3076 2·4083 0·0633 .. 0·6500 0·4188 .. 0·1283 4·4411 

3rd February .. .. 0·9100 0·3373 2·3180 .. .. 1·2750 0·4995 .. 0·3675 5·7073 

17th February .. .. 0·6580 0·2600 2·2475 .. .. 2·6460 0·9188 .. 0·2500 6·9803 

2nd March .. .. 0·'1586 0·3640 1·3827 .. .. 5·3975 1·11660 . . 0·2385 9·7073 

16th March .. .. 0·8300 0·5200 1·0950 .. . . "5313 1·8025 .. 0·3420 '·1208 



Date_ 

h September lOt 

17t 

24t 

h September 

h September 

18 t October 

th October 15 

29 

12 

26 
10 

24 

th October 

th November 

th November 

th December 

th December 

th January 7 

21 

4 

18 

4 

11 

at January 

th February 

th February 

th March 

th March 

.. 
.. 
.. 
.. 
.. 
.. 
.. 
--
.. 
.. 
.. 
--
.. 
.. 
--
.. 

TABLE No_ 142_ 

Fibre percentage in the different organB of the cotton pUmt. (Unprotected_) 
1930-31. 

I Root._ I ~:~::a~ Il~::~_ I ~~~:~. I F1owem.\ Bolls. Il~::!. I 
.. .. .. .. .. .. -- .. 
.. .. .. -- .. .. .. --
.. 55-45 44-33 13-85 -- -- -- .. 
.. 49-40 56-85 16-30 .. .. -- .. 
-- 61-25 56-05. 15-45 .. -- -- 12-00 

.. 61-00 58-90 14-30 -- -- -- 11-10 

.. 53-60 49-55 10-35 -- -- -- 10-00 

.. 49-87 53-03 iO-38 11-64 .. -- 9-65 

.. 52-10 49_40 14-80 13-85 -- -- 13-30 

.. 50-85 52-90 13-30 19-70 23-57 20-35 15-10 

-- 41-50 49-60 14-00 15-00 .. 17-40 13-40 

-- 47-00 55-~5 11-05 -- .. 31·05 12·40 

.. 46-45 53·65 14'50 .. _ . 39-70 11-30 

.. 54-95 48-30 10-70 . - _ . 40·20 13·00 

-- 51-75 56-10 10-70 _. .- 41·60 13-10 

-- 48-45 54-45 9'30 .. -- 43-65 14-25 

Shed 
buds. 

_ . 
.. 
--
.. 

--
.. 
.. 

--
16-40 

.. 
14-90 

13-60 

16-10 

.. 

.. 

.. 

Shed 
bolls_ 

.. 
--
.. 
--
--
.. 
.. 

--
17-50 

17-30 

13-30 

14-1111 

15-20 

16·011 

14-85 

16-10 



Date. 

18th September .. 
. . 
2 5th September .. 

1st Ootober .. 
. 8th October .. 
29th Ootober .. 
12th November .. 
26th November .. 
10th December .. 
23rd Deoember .. 
: 
6th January .. 

20th January .. 
3rd February .. 

17th February .. 
. 2nd March .. 
16th March .. 

TABLE No. 143. 

Fibre percentage in tke different organ8.oj tke cotton plant. (Unprotected.) 

1931-.32. 

I 

Roots. Stem and Green I Flower. Flowers. Bolls. Shed 
branches. leaves. buds. leaves. 

.. in·60 .. 12·35 .. .. .. .. 

.. 48·85 42·70 .. .. .. .. .. 

.. 47·70 44·40 13·80 .. .. .. .. 

.. 53·80 42·70 11·40 .. .. .. .. 

.. 55·50 47·95 13'80 .. .. . . 13·85 

.. 57·25 62·70 14'15 .. .. .. 17·10 

.. 68·95 57·25 13'60 14'90 .. .. 15·20 

.. 56·00 51·10 12·40 14'40 .. .. 14·85 

.. 58·10 54·00 12'80 14'85 14·20 14·70 14·10 

.. 52·05 152·20 12·95 16·35 .. 18·95 12·85 

.. 52·35 51·10 12·15 14'20 .. 20·05 14·00 

.. 45·25 56·10 13·10 .. .. 27·85 13·85 

.. 42·85 156·95 13'10 . . .. 32·50 14·115 

.. 53·05 51·35 10·75 .. .. 37·50 .. ·25 

.. 42·60 52·10 9·35 .. .. 33·75 11·75 

"" 

Shed Shed 
buds. bolls. 

.. .. 

.. .. 

. . .. 

.. .. 

.. .. 

.. .. 
16'00 .. 
.. .. 
.. 15·65 

.. 16·85 

.. 15·25 

.. 15'45 

.. 16'05 

.. 13'25 

.. I 15·30 



Date. 

4th September 

1st October ... 
15th October ... 

9th October .. 
12th November 

6th November 

10th Deoember •• 

24th December .• 

7th January .. 
:21st January .. 

4th February .. 
18th February .. 

4th March .. 
11th March .. 

TABLE No. 144. 

Total fibre, in gramme8, in the different organ8 oj the cotton plant. (Unprotected.) 

1930-31. 

.. 0·7763 0·5515 0·6648 .. .. j 

.. 1·0295 1·8488 1'4540 i .. .. , 

.. 3·0013 3·4191 2,0085 .. .. 

.. 4,0260 7·1858 2·4882 .. .. 
4·2480 8·3740 2·7531 

: .. .. .. 
.. 7·9792 12·4090 3,2801 0'1397 .. , 
.. 13·3376 10·9915 5·3650 0·6233 .. 

, 
.. 12·2040 10·7916 4·6550 0'8668 0·0943 , 

.. 10·0638 16·2688 5,5160 0,3300 .. 

.. 14·1000 22·9278 3·8012 .. . . 

.. 11·1420 17,8386 4·2776 .. . . 

.. 15,5234 14'2485 2·4878 .. .. 

.. 14·8781 20,5700 1·4623 .. " 

.. 12·7181 22·4606 I· 0695 .. .. 

.. .. 

.. .. 

. . 0·1680 

.. 0·3330 

.. 0·3000 

.. 0·4246 

.. 0·9975 

0,8140 1·4345 

2,3386 1·2060 

7,8867 1·9840 

29·9735 2·9663 

29,1450 3·3150 

30·2987 4·6287 

28·9181 2·9900 I 

Shed 
buds. 

.. 

.. 

. . 

. . 

.. 

.. 
0',0205 

.. 
0·1788 

0·1632 

0,2415 

. . 

.. 

. . 

Shed 
bolls. 

. . 

.. 

.. 

. . 

. . 

. . 
0·6563 

0,6920 

0·6384 

1·4550 

2,1660 

1·8859 

1·9305 

1·9320 

Total in 
the whole 

plant. 

1·9926 

4·3323 

8·5969 

14·0330 

15·6751 

24·2326 

31,9917 

31,5522 

36·5404 

52·3179 

68·6055 

66·6056 

73·7683 

71·0883 



. Date. 

18th September 

25th September 

1st October .. 
8th October .. 

29th Ootober .. 
12th November 

26th November 

10th December •• 

23rd Deoember •• 

6th January .. 
20th January .. 

3rd February .. 
17th February .. 
2nd March .. 

16th March .. 

TABLE No. 145-

Total fibre, in grammes, in the different organs of the cotton plant. (Unprotected.) 

1931-32. 

' I Roots. Istem andl Green I Flower-I FI I Bolls • I Shed I Shed 

I branches. I l'lBves. buds. . owers. leaves. buds. 

, 

.. 0·2440 0·1931 0·2821 .. " .. .. .. 

.. 0·4885 0·3081. 0'4754 .. .. .. .. . . 

.. 0·5048 0·4614 0·5583 .. .. .. .. . . 

.. 1·3383 1·2244 1·0260 .. .. .. .. .. 

.. 2·6362 3·5163 2·970 .. .. .. 0·3462 . . 

.. 4·2937 6·6880 2·9951 .. .. .. 0'5130 .. 

.. 8·6067 13·0530 4·6104 0·1490 .. . . 0·7904 0·09/10 

" 10·6400 13·6984 5·6544 0'4608 .. .. 1·0098 .. 
.. 12·3462 14·9850 5·4080 0'7054 0·1175 0·3675 0·9517 .. 
.. 13·9234 14·3550 6·2484 0·8992 .. 2·2977 1·5099 .. 
.. 13·1529 13·6692 5·1334 0·3905 .. 5·0125 1·7562 . . 
.. 11· 7650 21·9155 4·9780 .. .. 13'9250 1·8697 .. 
.. 11·9980 18·6087 '·0610 .. .. 15·3562 2·6162 .. 
.. 15·7824 14·3780 2·1858 .. .. 31·8750 3·8476 .. 
.. 11'7861 20·8400 1·4025 .. .. 24·4687 '·1126 .. 

Shed Total. bolls. 

.. 0·8192 

.. 1·2720 

.. 1·5245 

.. 3·5887 

.. 8·4687 

.. 14·4898 

.. 27·3055 

.. 31·4598 

0·2739 35·2152 

0·5897 39·8233 

0·8269 39·9416 

2·31711 56·7701 

1·6050 M·1f111 

1·19211 69·2612 

1·8360 ~14"458 



TABLE No. 146. 

Percentage of total hydrolysable carbohydrates in the different organs of the cotton plant. (Unprotected.) 

1930-31. 

Date. Roots. Stem and Green Flower- Flowers. Bolls. Shed Shed Shed 
branches. leaves. buds. leaves. buds. bolls. 

24th September .. .. .. .. .. . . .. .. .. . . 
1st October .. .. . . .. .. .. .. .. .. .. .. 

15th October .. .. 25·8755 29·3180 41,991)9 .. .. .. 54·2142 .. .. 
29th October .. .. 27·4697 28·4689 41·2839 .. .. . . 55·4590 .. . . 
12t.h November .. 34·6150 37·6219 50·9950 .. .. .. 50·5370 .. .. 

. ' 
26th November .. 36·5456 35·0000 49·2386 51· 9250 .. .. 57·4886 .. . . 

. ' . . 
lOt·h December •• .. 37·3008 38·6939 47·7360 51·7400 .. .. 50·7120 50·1600 56'9680 .. . . 
24th December •• .. 39·1333 36·7623 47·4111 44'7795 44'8750 45·2075 47·6905 . . 56·4075 .. 

7th January .. .. 47·2656 39·5552 46·1048 52·0500 .. 52·9762 52·4889 55·3833 62·6937 

21st Ja~uary .. .. 43·1897 35·1900 47·2235 .. .. 50·1063 53·6108 56·8150 60·6470 

4th February .. .. 44·1463 37·4998 50·2237 .. .. 40·1470 52·1603 54·1267 56·7649 

18th February .. .. 35·3352 41·1146 50·5381 .. " 39·0407 52·0929 .. 57·5863 

4th March " .. 36·9381 34·3876 49·5175 .. .. 36·1444 51·6131 . . 59·8400 

11th March .. .. 39·7528 36·6548 52·9680 .. .. 35·2923 48·5993 . . 58·7400 

Total 
in the 
whole 
plant. 

.. 

.. 
36'7203 

36·2887 

44'4909 

42·9631 

43·8079 

43·5034 

46·5274 

45·3621 

44·4475 

42·9732 

41·1602 

40'8727 



TABLE No. 147. 

Percentage of total hydrolysable carbohydratu in the different organs of the cotton plant. (Unprotected.) 

1931-32. 

Date. 

25th September · . .. 35·490 37·222 47·100 

1st Ootober · . .. 3S·165 35·212 46·81l 

8th Ootober .. .. 33·005 38·710 4S·972 

29th Ootober .. .. 30·716 34·902 49·875 

Uth November .. .. 29·184 22·541 47·869 

26th November · . .. 29·251 30·908 46·684 

10th Deoember · . .. 32·802 36'550 49·565 

23rd Deoember .. .. 30·712 34·198 47·138 

6th January .. .. 36·279 36·840 47·579 

20th January .. .. 36·733 37-057 46-416 

3rd February .. .. 42·428 28·963 45·960 

17tb February .. .. 45'689 33·240 46-029 

2nd March .. . . 35·813 36·886 17-708 

. 16th :March .. .- 44·948 37-070 49-196 

I 

Flower. .\ Flowers. \ Bolls. \ Shed buds. leaves. 

.. .. .. . . 

.. .. .. . . 

.. .. .. .. 

.. .. .. 47·327 

50·909 .. .. 49·150 

50·910 03·429 53·850 53·298 

49·406 53·341 53·834 51·411 

48·009 53·353 53·848 53·044 

48·547 53-340 56·365 53·157 

54·240 53-346 54-986 51·349 

54·240 53·350 54·673 52·639 

.. .. 45·641 61-456 

. . .. 37-078 50-1160 

.. ' .. 4,4-'108 53·836 

Shed 
buds. 

.. 

.. 
· . 
.. 
. . 

47·585 

47·576 

47-1i74 

47·570 

47·670 

.. 
· . 

"-670 

· -

Shed 
bolls. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
59·320 

56'797 

81-733 

58·600 

67'731 

62·288 

67·004 



TABLE No. 148. 

Total hydroly8able carbohydrate8 in gramme8 in the different organs oj the cotton plant. , (Unprotected.) 

1930-31. 

.. 
I 

\ 

.. Stem and Green Flower· Shed Shed Shed Total in 
Date. Roots. branches. leaves. buds. Flowers. Bolls. 

I 
leaves. buds. bolls. the whole .. plant. , 

... ' , 

" 

24th September .. .. \ .. .. .. .. I .. .. .. .. .. .. 
1st October .. .. .. .. .. .. .. . . .. .. .. .. 
15t~ Ootober .. .. 1·2679 1·7884 5·4596 0·1511 .. .. 0·7590 0'0291 .. 9·45,51' 

29th October .. .. 1·8130 3·4732 7·1837 0·2120 .. .. 1·6637 0·1003 .. 14·4459, 

11th November .. .. 2·7692 6·3581 13·5627 0·880 .. .. 1·5161 0·1003 0·0798 24·4742' 

26th November .. .. 5·8473 8·2901) 15·5594 0·6231 .. 0·0954 2·5295 0·1003 0·1139 33·1589 

10th December .. .. 9·5490 8·6094 17·3043 2·3303 0·0673 .. 3·8034 0'0627 2·1363 43·8627 

24th December 9·3920 7·4995 16·5939 1·9703 0·1795 1·8083 
, 

4·5306 0·1003 2·2563 44·3307 .. .. 
7th January .. .. 11·4619 12·9741 18·1653 1·1451 0·0718 6·9900 4·7240 0·6646 3·0093 59·2061 

21st January .. .. 12·9569 14·4983 16·2449 .. .. 12·7374 8·5789 0·6818 6·0647 71·7629 

4th February .. .. 10·5951 12·4687 14·8164 . . .. 30·3110 13·6921 0·8119 8·0890 90·7842 

18th February .. .. 9·9822 12·1288 11·7501 .. .. 28·3045 13·2837 0'2706 6·7664 82·4863 

4th Maroh .. .. 10·6197 12·6088 6·7674 .. .. 26·3252 18·2366 0·3609 7.7792182.6978 

11th March .. .. 10·4351 15 ·1201 6·0913 .. .. 23·2812 13·6078 0·5413 7.0487176.1255 



TABLE No. 149~ 

Total 1I;ydrolysable carbohydra.tes in gra·mmes in the differ~nt orga'TUJ of the cotton plant. (Unprotected.) 

1931-32. 

.. I 

Stem and I .- I 'Green Flower- Shed Shed Shed Da.te. 

I 
Roots. 

branches. I leaves. buds • Flowers. Bolls. leaves. buds. bolls. Total. 
.. 

- --
25th September .. .. 0·3549 0·2686 1·6226 .. .. .. .- _ . . . 2·U61 

1st October .. .. 0-4039 0·3659 1·8939 .. .. .. .. .. .. 2·6637 

8th October .. .. 0·8210 1·1100 4·4075 .. .. .. .. .. .. 6·3386 

29th Ootober .. .. 1·4589 2·5594 7·4812 .. .. .. 1·1832 .. .. 12·6827 

12th November .. .. 2-188 2·4044 10'1323 0-1456 .. .. 1·4745 .. .. 16-3456 

26th November .. .. 4·2705 7'0470 15-8264 0-5091 0-0187 0·1077 2''1715 0-2855 .. 30'8364 

10th December .. .. 6·2321 9·7956 22·6014 1-11810 0·2347 0·3230 3·4960 0·1903 . . 44·4541 

23rd December .. .. 6·5263 9·4901 19·9159 2·2804 0·6699 1·3462 3'5804 0·3568 1·0381 45·2011 

6th January .. .. 9"7046 10·1312 22-9571 2·6701 0·5334 6·83" 6-2603 0·.,57 1·9879 61·11541 

20th January .. .. 9·2290 9·9128 19·6112 1-4916 0·6668 13·7462 6·4187 0·.,57 4·1670 65·7190 

3rd February .. .. 11·0314 10·2816 17·4651 0·2712 0·1067 27·3362 7·1060 .. 8·77110 82·3732 

17th February .. .. 12·7650 10·8026 14·2689 .. .. 21·11184 9-0050 .. 11·7731 74·1330 

2nd March .. .. 10'6547 10·3279 9-twa .. .. 31·6137 13·7587 0·.,57 '·8060 82·0365 

16th March .. .. 12·4353 14·8275 7·379-& .. .. 32·4131 18·8419 .. 6·8404 92'7376 



TABLE No. 150. 

Dry matter 01 the different organ8 01 the cotton plant in grammes.(Unprotected and Manured.) 

1928-29. 

Date. 

8th AugUllt .. .. 1 0·0930 0.02951 

1 5th August .. .. 0·2925 0·2125 

3rd September .. .. 0·7110 0·3525 

1 7th September .. .. 
1st October .. .. 5·1925 8·0120 

15th October .. .. 8·5710 14·1880 

29th October _. _. 14·4250 25·2325 

12th November .. _. 28·3200 50·3600 
I 

26th November .. _ . 47·6670 85·5000 

10th Deoember _. .. 58-1671 89'5000 

24th December .. .. 60-6667 1112-00~0 

7th January .. -- 62·5000 114·10oo 

21st January ... .. 59·3333 97·0000 

4th February .. _. 92·3333 122·6670 

18th February .. .. 70·0000 128'0000 

2nd March .. .- .. I .. 

(Average of 3to 4 plants.) 

0. 2566 1 .. I .. .. 
I 

1·1620 .. 
I 

.. .. 
1·94Hi .. .. .. 

R A I 

19·7300 . . .. . -
30·3360 .- .- --
40-2750 0'7145 . - . . 
54-2530 2·3533 -- .. 
86·6800 7-2670 0-8670 2-3333 

101·5870 6'3333 1-9600 12'1l33 

109-3333 7·5000 2'7333 20-0000 

96·7500 3·1000 1-0400 60-9800 

82'5000 1·0670 .. 89-0000 

73·4600 .. . . 93·6667 

47-6670 . . ,. 170·3333 

.. .. . . .. 

Shed 
leavE's. 

.. 

.. 

. . 
N 

.. 
_ . 

--
5-~266 

5-8900 

8-6670 

8·9000 

14-0000 

15·0000 

15-0000 

15-0000 

.. 

Shed 
buds. 

. . 

. . 

. . 

-. 
.. 
-. 

1·0266 

2·0000 

1·6670 

2-6000 

2-3333 

4·6667 

3-0000 

3-0000 

. -

Shed 
bolls. 

.. 

.. 

.. 

.. 
-. 
.. 
.-
.. 

1·3333 

1·6667 

6-0000 

9-3333 

3-3333 

10·6670 

.. 

Total 
weight. 

0·3791 

1·6670 

3·0050 

32-9345 

53·0950 

80-6470 

141·3395 

238'2043 

281·3279 

325·4000 

360·8033 

357'9003 

403·4600 

444-6670 

. . 
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TABLE No. 151. 

Per cent. moisture in different O'Tgana 0/ manured unprotected plants. 

1928-29. 

(Average of 3 to 4 plants.) 

Date. I Stem and ! II Flower. 
branches. I Leaves: buds. 

-

9th August .. .. .. 83·71 85'51 .. .. 
15th August .. .. .. 79·93 80·93 .. .. 
3rd September .. .. .. 78·68 79·77 .. .. 

17th September .. j . . .. .. " .. .. 
1st October .. .. .. 79·09 '79·38 .. .. 

15th October .. .. .. 73·81 75·54 .. .. 
29th October .. .. .. 71·14 76·79 78·30 .. 
12th November .. .. .. 66·62 78·73 80·91 .. 
26th November .. .. " 62'24 68·63 76·80 76·63 

lOth December .. " .. 62·56 72·09 78·79 77·10 

2 4th December .. .. .. 60·19 70·61 75·81 76'90 

7th January " " .. 60·00 64·62 75·00 "·07 

21st January .. .. .. 64·33 70·75 78·00 .. 
4th February .. .. .. 56·20 67·36 .. o • 

- _. .-- -- ._- .- .- _. 
18th February- .. .. .. 57·38 63'58 .. .. 

Bolla. 

.. 

. -

.. 

.. 

.. 

.. 

.. 

.. 
81'37 

80·00 

82·22 

82·05 

80·65 

81·00 

-
80-'00 

--



!, 

TABLE No. 152. 

Per cent~ nitrogen in the different orga:ns oj the :cotton plant. (Unprotected and Manured.) 

1928-29 . 

. ' .-,.,-....,.-~-D-at-e-. --~---:I;-R-oo-ts-. i"ls-~-~:-n-c-h~-:"":I--:-l~-:.,.."t-e:-.-:':"I-F1-b-~ds-w-~r-_":': I-F-l-ow-e-rs-'--\B-Ol-ls-'--:"I-I-~-!,-ee-~-. -:--b""S:-~-d"'. --:--~-!;-~-.-

; I 
.. 

;. 9th August. .. .. . . 1·282 1·8430 2·886 .. .. .. ., .. 
• 15th August .. .. .. 1·705 1~388 3'755 '" .. .. . . .. 
:. 3rd September .. .. .. 1·066 1·670 3·593 .. .. '.' ., .. .. 
, 17th ~epteIJlber .. .. .. R A I N 

1st Oct~ber .. .. .. 0·8764 1·307 3·247 . . .. .. ., .. 
; ~5th October. .. .. .. O· 7137 1·077 2·945 . . .. .. ., .. 
29th Ooto~r .. .. " 

0·7548 0·7663 2'643 2·960 .. .. ., .. .. 
12th November .. .. .. 0·4836 0·6417 2'831 3·139 .. .. 1·2792 2·2988 .. 
26th November .. .. .. 0·5460 0·7806 2'299 2'661 2·457 2·429 1·2469 2·1550 .. 
10th December .. .. " 

0·4645 0'1)590 2'191 2·615 2·213 2·011 1·4803 2·2255 1·2225 

24th December .. .. .. 0·3432 0·4991 2'005 2'502 2'059 1·873 1·4809 2·0577 1'8960 

7th January .. .. .. 0·3578 0·5367, 1·758 2·415 2·160 1·429 1·2071 2·0605 1·6100 

21st January .. .. .. 0·3220 0·4159 1'865 2·334 .. 1'482 1·5027 1·8792 1·6103 

4th February .. .. .. 0·3443 0·4353 1·637 .. .. 1·273 1·2073 2·0133 1'6110 

18th February .. .. .. 0·3941 0·4193 1·585 .. .. 1·163 1·3840 2·2633 2'1647 



TABLE No. 153. 

Total nitrogeidn grammes in the different organs oj the cotton plant. (Unprotected and Manured.) 

1925-29. 

Date. /. Roots. \stem andl GreeD F~~ I Flowers. \ BoDs. I 
Shed 

I 
Shed 

I 
Shed 

branches. leaves. leaves. buds. bollS. 

,9th Auguat. .. .. 0·0012 0·0005 0·0074 . , .. ! . . .. .. " 

15th Auguat. .. .. 0·0050 0·0029 0·0436 .. .. I . . .. " .. 
3rd SeptUwer ..... .. 0·0076 0·0059 0·0697 .. .. .. .. .. . . 

17th Sep~ber .. .. R A I N 

1.' Oot.obeao .. " 0·0455 0·1047 0·6407 .. .. .. .. .. .. 
15th October .. .. 0·0612 0·1606 0·8937 .. .. . . .. .. .. 
29th October .. .. 0'0829 0·1933 1·0900 0·0212 .. .. .. .. . . 
12t.hN_ber .. .. 0·1370 0·3232 1·5361 0·0738 .. . . 0'0643 0·0236 .. 
26th November .. .. . 0·2602 0·6678 1·9930 0·1952 0·0213 0·0081 0'0736 0·0431 .... 
10th Deoember .. .. 0·2702 0'5002 2·2330 0·1656 0'0434 0·2.&35 0·1283 0·0371 0·0263 

24thDeMmber .. .. $·2082 0'5590 2'1930 0·11171 0·G6G3 0·3747 0·131& 0·0534 0·03111 

'1th January .. .. 0·2237 0·6124 1'7000 0·0727 0-0225 0'8715 0·1690 0·0482 0·0988 

21&' J&1WA17 .. .. 0·1910 0'4034 1'6380 0·0249 . . 1·3190 0·2254 0·0877 0'1503 

4th February .. .. 0·3179 0.5340 1·2020 .. .. 1'0520 0·1811 0·0604 0'0537 

18th February .. .. 0·2758 0·6374 0·756' .. .. 1·9&10 O'S076 0·0879 0·2309 

I 
Total. 

0'0091 

0·0515 

0'0832 

0·7909 

1·1155 

1·3874 

2·1580 

3·2623 

3·6276 

S·7Ul 

3·Y88 

3·9397 

3·4011 

'·0562 



Date. 

9th September 

23rd September 

7th October .. 
21st October .. 
4th November' •• 

18th November' . 

2nd December •• 

16th December •• 

30th December 

14th Janua.ry .. 
28th January .. 
11th February .. 

TABLE No. 154. 

Dry matter of tke· different f»'gana of the coftan plant in grammes. (Protected.) 
1929-30. 

(Average of 4 to 6 plants.) 

Roots. Stem and Green Flow£>r. Flowers. Bolls. Shed Shed 
branches. leaves. buds. leaves. buds. 

I 

.. 0·810 0·89 2·29 I .. .. .. . . " 

.. 2·533 2·89 9·20 .. .. .. .. " 

.. 3·742 6·50 15·67 0·088 .. .. 3'133 " 

". 7'791 17·78 26'40 1·275 0·0903 0·2717 4·4100 0·140 

.. 13'550 23·18 31·90 3·333 0·0860 1·1160 5·388 0·367 

.. 12·916 27·81 37·50 6·216 1·0000 10·000 7·167 0·667 

.. 13·600 36'00 44·33 1'633 0·3333 41·2500 9·500 1·000 

.. 15·800 44·54 45·70 .. . . 75·300 13·000 1·2000 

.. 19'500 44·17 35·87 .. . . 99·8833 17·3333 1·3333 

.. 19·000 43·60 26·94 .. . . 94·2000 30·5000 1·3000 

.. 20·000 44·40 17·60 .. . . 116·000 37·000 1·3300 

.. 21·400 40·50 12·67 .. . . 137·6700 44·00 1'0000 

Shed Tota.l. bolls. 

. . 3·990 

. . 14·623 

. . 29·133 

0·280 58·438 

0·434 79·354 

3'250 106·526 

14·333 161·9793 

22·4000 217·9400 

20·000 238·0399 

21·800 237·3400 

20·633 256·963 

22·000 279·24 



TABLE No. 155. 
; 

Dry matter 0/ the different organB of the cotton plant 'in ,grammes. (Protected.) 

1930-31. 

(Average of 4 to: 6 plants.) 

I 

Date, Roots. Stem and Green , Flower· Flowers. : Bolls. Shed Shed Shed Total. 
branches. leaves. buds. i .. I .. leaves. buds. bolls. 

8th Ootober ," " 
3·4400 4·2000 8·1000 0·0394 .. ... ' 1·1000 .. .. 16·8794 

22nd Ootober " .. 4·6000 11·2000 15·8000 1·8400 0·2000 .. 2·6000 0·2400 .. 36·4800 

'5th November,,' 7·0400 13·6000 19·4400 0·3866 0·1546 : 0·5146 2·8000 0·8000 0·8000 41)011358 ,. , 

19th November .. 9·6000 24·8000 28·7000 1·9600 , .. 1·8000 5·8000 0·8000 1·8000 75·2609 
: ! 

1 

2nd December •• .. 13·0000 29·1667 29·6667 5·1667 0·1500 6·0000 8·3333 0·3667 1'5000 93·3501 
i 

17th December " .. 16·2000 23·8000 32·2000 4·8000 0·6000 ;14·2000 7·0000· 0·5000 2·000 101·300:) 

SlIt December •• .. 18·0000 29·8000 27·2000 0·4000 0·0685 ,37'8000 16·0000 0·8000 16·000 146·0685 
! 
i 

14th January .. .. 17;6000 29·2000 22·4000 .. . . 143·4000 ,25'0000 0·8000 14·4000 152·8000 

28th January .. .. 20·0000 29'11000 21·7500 .. .. 'IIS'7600 27·5000 1'0000 14·250 167·7500, . , 

11th February .. .. 19·8000 20·6667 14·11000 .. .. 110·3333 23·1\000 0·8333 12·11000 142·1333 

211th February .. .. 19·4000 22·0000 11·2500 .. .. 1\7·2500 26·1100 0'7500 14·2500 151·4000 



Date. 

22nd October .. 
5th November •• 

19th November •• 

3rd December •• 

16th December •• 

30th December •• 

13th January .. 
27th January .. 
lOth February .. 

24th February .. 

Total leaves 

TABLE No. 156. 

Dry matter of the. different organs of the cqtton plant in gramme$: (Protected.) 

1931-32. 

(Avera~e of 4 to,6 plants.) 

Roots. Stem and Green Flower- Flowers. Bolls. Shed Shed 
branches. leaves. buds. leaves. buds. 

I 
.. 2·6667 5·0050 1l·2000 .. . . .. 0·5000 .. 
.. 4·6667 10·1667 18·7500 0·2467 .. . . 2·3333 .. 
.. 12·6667 26·1667 32·0000 1·8333 I 0·0533 .. 4·3333 0·0833 

I .. 18·1)00 27·6000 46·0000 6·4000 0·8000 0·6900 6·8000 0·2000 

.. 18·7500 30·0000 51·5000 8·3750 1·7000 5'750 9·000 0·5000 

.. 17·5000 30·2500 48·5000 . 4·7500 2·0000 27·500 9·000 0·5000 

.. 19·5000 29·7500 40·7500 0·7500 1·0000 50·0000 13·000 1·0000 

.. 20·0000 30·5000 41·5000 .. .. 45·7500 15·7500 . . 

.. 21·5000 46·000 27·000 .. . . 46·5000 27·7780 .. 

.. 20·000 47·500 25·5000 .. . . 95·7500 34·5000 .. 
22/10 5/11 19/11 3/12 16/12 30/12 13,'1 27/1 

"1 11 '7000 21·0833 36·3333 52·8000 60·5000 57·5000 53·7500 57·2500 

Shed Total. bolls. 

. . I 19·3717 

.. I 36·1634 
I .. 77·1366 

.. 106·4900 

2·5000 128·0750 

7·000 147·0000 

19·5000 175·2500 

17·5000 171·0000 

21·5000 I 190·278 

19·0000 245·250 
----

10/2 24/2 

54·7780 60·0000 

I 
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TABLB No. 157. 

Moisture percentage in the different orga1l8 of the cotllm plant. (Protected.) 
1929-30. 

Date. Stem and Leaves. Flower·buds. Flowers. Bolla. branches. 

9th September " 75·21 78'82 .. .. " 23rd ,September .. 74'86 77·21 .. . . .. 
7th October .. .. 76·60 78·23 77'olJ .. .. 

21st October .. .. 71'81 78·71J 77·16 80'20 82'84 

4th November .. .. 65·66 74·51 77'27 81·40 84'02 
18th November .. 67'02 74·01 80'63 83'91 8li'38 

2nd Dacembar .. " 65·08 72·03 78'93 84'00 M'06 
16th 'December .. ., 60'82 72·15 .. .. 79'47 

30th Dacomber .. .. 57·61 72'40 .. " 74·13 
14th January .. .. 63'24 66·19 " .. 78·33 

28th January .. .. 53·45 67'89 .. .. 85·39 

TABLE No. 158. 

MoiBture percentage in the different orga1l8 of the cotton plant. (Protected.) 
1930-31. 

Date. Stem and Green leaves Flower-buds. Flowers. Bolla. branches. on plant. 

, 

8th October .. .. 80·93 85'40 96'05 .. . . 
22nd October .. .. 74'54 81·45 79'56 89·77 .. 
6th November .• .. 71·87 79·25 78'82 80'46 81'05 

19th November .. 66·85 76·17 74·45 " 86'73 

3rd DecembJr .• .. 63·36 75·78 77'76 81·01 88·02 
17th Dacembar ' .• .. 73·96 73'00 78·63 84·06 80'37 

31st December •• " 63·66 71'08 83·12 82'33 M·t7 
14th January " .. 65·72 71·32 . . .. 85'77 

28th January .. .. 67·44 69·74 " .. 81-115 
11th February .. .. 69·39 66·72 .. .. 88'06 

25th February .. .. 65·35 67·27 . . .. .. 
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TABLE No. 159. 

Moisture percentage in the different organs of the cotion plant. (Protected.) 

1931-32. 

I I Green 
Date. 

I 
Stem and leaves Flower·buds. Flowers. Bolls. branches. I on the plant. 

22nd Ootober .. .. 77'40 78·89 .. . . " 

5th November .. 75·77 79·37 74·7\ .. .. 
19th November .. 71·41 79'81 75·00 75'00 .. 
3rd December .• .. 75'16 76·93 78·78 80·53 79·07 

17th December .• .. 78·36 77·63 81·38 81'42 87"74 

31st December .. " 73'66 75·49 78·40 79·96 84·82 

14th January .. .. 78·39 81·37 79·38 77·84 89·68 

28th January .. .. 72·19 76·44 .. .. 89·49 

llth February .. .. 59·08 74·54 .. .. 87·05 , 
25th February " .. 55'83 I 69·28 .. .. 78·26 

I 



Date. 

9th St'lptember .. 
23rd September .. 
7th October .. 

21st October .. 

4th November .. 
18th November .. 

2nd December .. 
16th December .. 

30th December .. 
13th January .. 
27th January .. 
10th February .. 

TABLE No. 160. 

Ash percentage in the different O'Tgans oj the cotton plant. (Protected.) 

1929-30. 

Roots. Stem and Green Flower- Flowers. Bolls. branches. leaves. buds. 

.. .. .. .. .. .. .. " 

.. .. .. . . .. .. .. .. 

.. .. 5·950 6·750 13·900 .. .. .. 

.. .. 6·'716 6'551 111·380 12·450 .. 1l·960 

.. .. 6·220 5·851 15·750 13·050 .. 10'050 

.. .. 5·550 5·351 17·900 13·950 12'750 12·250 

.. .. 11·300 4·900 18·850 12·250 4·400 7·900 

.. .. 6·4000 6·450 18·900 .. .. 5·850 

.. .. '·650 6·550 18·950 .. .. 6·1100 

.. .. 6·4110 8·250 It· 3110 .. .. 5·070 
-, 

.. .. 11·130 '·960 19·500 .. .. 6'520 

.. .. 6·000 6·08 18·640 I .. 
I 

, .. 8·451 

Shed Shed Shed 
leaves. buds. bolls. 

, 

.. . . .. 

.. .. .. 

17·850 .. .. 
18·600 .. 12·830 

18·900 13'850 9·750 
-

20·200 13·800 10·330 

20·400 14'000 1l·100 

20·600 13'500 11·650 

. 20·950 13·500 11·800 

20·200 13·1100 11·7110 

19·2110 13'1100 12·280 

21·350 13·760 12·590 



Date. 

8th October .. 
22nd October .. 

5th November .. 

19th November .. 

3rd December .. 

17th DElcember .. 

31st DElcember .. 

14th January .. 
28th January .. 

11th February .. 

25th February .. 

TABLE No. 161. 

A8h percentage in the different organ8 oJ the cotton plant. (Protected.) 

1930-31. 

, , 
.. .. 6·430 8·660 19·465 .. .. .. 19·730 

.. .. 6·200 7·550 19·350 15·900 . . .. 22·150 

.. .. 6·120 7·490 17·330 ll·200 .. ,14' 620 21·280 

.. . . 6·170 7·730 16·710 12·320 .. 10'020 21·150 

.. . . 6·060 5·500 18·770 13·610 .. i 8'920 20·640 

.. . . 5·920 6·030 17'150 12·820 12·500 9'270 20·100 

.. .. 5·850 5·550 17·800 14·100 .. 16'000 21·550 

5·650 5·900 19·800 
, 

7'150 21· 750 .. .. .. . . 
.. .. 5·450 5·900 20·650 .. ! . . 7·900 21·000 

.. .. 5·550 5·950 20·850 .. . . 8·300 21·500 

.. .. 4·500 5·950 19·700 .. " 8'700 21·100 

Shed 
buds. 

. . 

.. 

. . 
14·080 

. . 

13·500 

14·300 

13·800 

14·200 

13·430 

13·270 

Shed 
bolls. 

.. 

. . 

.. 

13·730 

ll·600 

10·000 

11·800 

12·150 

12·300 

12·950 

13·550 



Date. 

~2nd Ootober .. 
6th November .. 

19th November .. 
3rd Deoember " 

16th December .. 
80th Deoember .. 
13th January .. 
27th January .. 
10th February .. 
24th February .. 

TABLE No. 162. 

A8h percentage in- the different organs oj the cotton plant. (Protected.) 

1931-32. 

Roots. Stem and Green Flower· Flowers. Bolls. Shed 
branches. leaves. buds. leaves. 

.. ., 7·25 9·45 15·50 .. .. .. 22·10 

.. .. 7·50 8·75 16·65 . - . . .. 22·10 

.. .. 7·20 7·95 19·20 14'55 .. .. 21·95 

.. .. 6·70 7'10 18·65 14·50 .. .. 21'50 

.. 6·20 7'20 19·16 14·88 U·80 14·88 I 23·60 .. I 

.. .. 7'05 6'10 19·10 14·05 13·65 9·65 21·25 

.. .. 6'26 6'40 21·40 .. .. 7·60 22·25 

I .. .. 6'60 .'30 22·75 .. .. I 7·95 23·05 

.. .. 6· liS 6'70 21'65 .. .. 6·90 22·40 

.. .. 6·36 6·35 23·111 .. .. .·60 22·85 

Shed Shed 
buds. bolls. 

" " 

.. . . 

" . . 

" .. 
14'30 9'80 

13'40 10'70 

.. 11·65 

.. 13·111 

.. 11·76 

.. 14·35 



TABLE No. 163. 

Total a8h in the different organ8 of the cotton plant in gramme8. (Protected., 

1929-30. 

Stem and Green I Flower. Shed Shed Date. Roots. branches. leaves. I buds. Flowe1'8. Bolls. leaves. buds. 

I 
7th October .. .. 0·2227 0·4388 2·1781 .. . . .. 0·5592 .. 

21st October .. .. 0·5232 1·0390 4'0610 0·1587 .. 0·0325 0·8202 .. 

4th November .. .. 0·8428 1·3530 5'0240 0·4348 .. 0·1121 1'0180 0·0508 

18th November .. .. 0·7171 1·4880 6·7130 0·8672 0·2550 1·2250 1·4460 0·0920 

2nd December .. .. 0·7207 1·7640 8·3520 0·2164 0·0147 3·2580 1·9370 0·1400 

16th December .. .. 0·8533 2'4280 8·6380 .. .. 4·4060 2·6780 0·1620 

30th December .. .. 0·9300 2·4510 6'8000 .. .. 5·4910 3·6290 0'1610 

13th January .. 1'0350 2'7250 5·2130 " .. 4·776 6·3050 0·1610 

27th January .. " 1·0260 2·2030 3·432 .. .. 7·563 7·1220 0·1610 

lOth February .. .. 1·0700 . 2'0580 2·349 .. .. 8·877 9·394 0·1376 

Shed 
bolls. 

-

.. 

0·0359 

0·0424 

0·3357 

1·5910 

2'6100 

2·3600 

2·563 

2·533 

2·2662 

Total In 
e the whol 

plant. 

3·4288 

6·6706 

8·8779 

13·1390 

17·9938 

21· 8753 

21·8220 

22·7780 

24·040 

26·1518 



Date. 

-
8th October .. 

22nd Ootober .. 
5th November .. 

19th November .. 
3rd Deoember .. 

17th Deoember .. 
31st Deoember .. 
14th January .. 
28th January .. 
11th February .. 
25th February .. 

TABLE No. 164. 

Total ash in: the different organs of the cotton 'Plant in grammes. (Protected.) 

1930-31. 

0·2212 ~ 0·3637 1·5770 .. .. 

.. 0·2852 0·8455 3·0650 0·2931 , 
, 

.. 0·4309 , 1·0190 3·3680 0·0433 

.. 0·5924 1·9170 4·7960 0·2415 

.. 0·7877 1·6040 5·5680 0·7031 
I 

.. 0·9590 1·4350 5·5220 0·6167 

.. 1·0530 1·6540 4·8420 0·5640 

.. 0·9902 1·7230 4·4330 .. 

.. 1·0900 1·7nO 4·4920 . . 

.. 1·0990 1·2300 3·0240 . . 

.. 0·8730 1·3090 2·2660 I .. 

, 
, .. .. 
, .. 
! 

.. 
.. 0·0753 

.. 0·1803 
: 

" 0·5353 
I 

0·0750 1·3160 
; 

.. 3·0240 

I 
I 3·1030 . . j ". 
I 

.. 4·2460 

.. 4·1780 

.. 4·9800 

0·2171 

0·5755 

0·5958 

1·2270 

1·7200 

1·4070 

3·4470 

; 5·8380 

5·7750 

5·0530 

5·5910 

Shed 
buds. 

.. 
0·0060 

0·0221 

0·0235 

0·0083 

0·01l0 

0·0181 

0·0198 

0·0262 

0·0221 

0·0235 

Shed ! bolls. Tot·aI. 

.. 2·3790 

.. 5·0643 

0·0170 5·5714 

0·0407 9·0184 

0·0303 10·9567 

0·0368 12·3785 

0·2922 14·89n 

0·2738 18·3808 

0·2618 17·6318 

0·2256 14·8217 

0·1721 UI·3761 



-
Daoo. 

22nd October . . 
5th November .. 

19th November 

3rd December .. 
16th December .. 
30th December .. 
13th January .-
27th January .. 
10th February .. 
24th February .. 

Daoo .. 

Total leaves .. 

TABLE No_165_ 

1'otal a8'" in the different organa of the cotton plMz,t in gramfflea_ (Protected_) 

1931·32. 

Isoom andi I F~~d:~·1 Flowers_\ 
\ \ 

Green Shed 

\ 

Shed 
Roots_ Ibranches- leaves_ Bolls_ leaves_ buda_ 

. 

I 0-11G51 .- 0-1933 0·4730 1-7360 -- -- .- -. 
.. 0-3500 0-8896 3-1219 -- -- -. 0-5157 _. 

.. 0-9120 2'0802 6-1440 0-1667 -. _. 0-9512 --

.- 1-2060 1-9596 S-5790 0-9280 -- .- 1-4620 --

.. 1-1625 2-1600 9-S674 1-2462 0-2516 0-S556 2-1240 0-0715 

.- 1-2337 1-8452 9-2635 0-6674 0-2730 2-6537 1-9125 0-0670 

.- 1-21S1 1-9040 S-7205 -- -- 3-S000 2-S925 --

.- 1-1200 1-9215 9-4412 -- -- 3-6371 3-6304 --

.- 1-1072 3-0820 5-8185 -- .. 3-2085 6-2223 --
-- 1-0700 2-5412 5-9032 -- -. 6-3195 7-8832 --

.- 22/10 5/11 19/11 3/12 16/12 30/12 13/1 27/1 

,- 1-8465 3-6376 7-0952 10-0410 11-9914 11-1760 11-6130 13-0716 

I Shed I 
bolls. I Total. 

.. 2-5128 

-- 4-8172 

-- 10-3541 

'- 14-1346 

0-2450 17-9838 

0-7490 18-6650 

2-2717 20-S074 

2-3012 22-0514 

2-5262 21-9647 

2-7265 26-4436 

10/2 24/2 

12-040S 13-7864 
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T.uLII No. 166. 

Percentage mineral composition 0/ dry matter in tM diJ/erem organl 0/ ,Ac 
cotton plant. (Protedetl.) 

1930-31. 

Appearance of End of Maturation 
ConstitUents. flower·buds. flowering. of bolla. 

8/10. 31/12. 26/2. 

ROoTI. 

Ash .. .. .. .. . . .. 7·21 11·811 "83 

PI 0,. .. .. .. .. . . .. 0'8292 0·41123 0·4363 

Lime .. .. .. . . " .. 0·11550 1·7912 1'1860 
o· 

K,O .. .. .. .. . . .. 3·3742 2·3391 1'9300 

STEil .&liD BBAlICBBI. 

Ash .. .. " .. .. " 10'23 0·65 11'90 

P,O, .. " 
,. 

" .. . . 0·8611 0'0129 0·3080 

Lime .. .. .. " . . .. 1·3100 2·1192 _1'9060 

K,O .. .. " .. . . .. 3'7112 2·4312 1·4600 
. -

LBAVEI. 

Ash .. .. " " " " 15'33 17'800 21·85 

P,O, " .. " '.' " .. 1'026 1·1624 0·0232 

Lime .. " " " .. .. 4-37 8·1132 7·4650 

K,O " -. .. -. " 4'1268 '-3009 6-8110 

-FLOwn-BuDI. 

Ash " " .. .. . . " .. 14'10 .. 
PIO, .. " " '.' " .. " 1'4308 .. 
Lime .. .. " " .. .. .. . . .. 
Kae " " .. .. " .'. .s .. .. 

Fr:o~. 

Ash " " " " .. " " .. .. 
PIOj " " .. .. " .. .. 1·4891 " 

Lime " " . -. .. " .. .. . . .. 
K,O .. " .. . . .. .. .. .. " 
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TABLE No. 166-(cimtd.) 

Percentage mineraZ composition of dry matter in the different organs' of the 
cotton plant. (Protected.) 

- - -

Ash 

PIOG 

Lime 

K,O 

A sh 

P,O, 

ime L 

K ,0 

h 

.0, 

As 

P 

L 

K 

ime 

.0 

h 

10 6 

As 

P 

L 

K 

ime 

10 

.. 
,. 

.. 

.. 

,'. 

.. 

.. 

.. 

.. 

.. 

.. 
" 

" 

" 

.. 
" 

.. 

.. 

Constituents. 

.. .. .. 

.. " .. 

.. -,. ~ .. 

.. ...... .. 
. ' , -

. -
.. .. .. 
.. .. .. 
.. .. 
.. .. " 

.. .. 

.. " .. 

.. .. .. 

.. ", .. 

.. .. .. 

.. .. .. 

.. .. .. 

.. .. .. 

]930-31. 

Appearance of End of Mat.uration 
flower-buds. flowering. of bolls. 

8/10. 31/12. 25/2. 

BOLLS'. ., 

" .. . . 8·000 

I 
6·90 

..' .. .. 1·1911 0·8210 

" .. .. 2·2191 

I 
1·85 

.. .. .., - " 2·2901 1·8350 

SHED LEAVES • 

.. .. ..' 21·55 18·45 
, , 

.. .. . . 1·0927 0·9325 

.. .. .. 9·7815 8·7333 

.. .. . . 3·8217 6·7790 
" 

BHED BtrDS. 

, , 

.. .. .. 14·30 13·47 

.. .. .. .. 1·3320, 
" 

, , 

.. .. .. .. .. 

.. .. .. .. .. 
, , " 

, , 

, , SEED BOLLS. 

.. .. .. 11·80 17·82 

.. .. .. 1·0031 0·7940 

.. -. .. 3·1134 3·4550 

.. . . .. 3·7117 2·9055 



TULB No. 167. 

Percentage mineral CQmposition of dry matter at di!!erenf Btagu 0/ growtA .1& tAe 
cotton plant. (Protected.) 

1931·32. 

Appearance of Appearance of End of Maturit,. of 
Constituents. flower-buds. flowers flowering. boll •• 

1/10. 3/12. 13/1. 25/2. 

RoOTS. 

Ash .. .. .. ,. 8·56 6·30 8·53 8·12 

P,OI .. .. .. .. 0-9792 0·7336 0·6698 O·621il 

Lime .. .. . . .. 0·5100 0·6400 2-3500' 1·8000 

K~O .. .. .. .. 3·1767 2·2973 2·2802 1,8598 

STEil .&lW BBA.1I0BBS. 

Ash .. .. . . .. 12·20 8·55 6·07 a·32 

PIOS .. .. " .. 0·8197 0'8293 0·7336 0"78' 

Lime .. .. .. .. 1·2500 0·8000 1·6000 1·'000 

K~O .. .. .. .. 3'5199 2·3438 2·6343 1"019 

I.BA.vEB. 

Ash .. .. .. .. 17·59 18·70 21·30 22·28 

P,O/i .. .. .. .. 1·1036 1·5629 1·21165 0·9760 • 

Lime .. .. .. .. 3-8900 5·1900 6-1200 8·0800 

KaO .. .. .. .. 3·2348 3·5408 4·8890 6·6250 

FLOWER·BUDS, 

Ash " " .. 14·25· 13·44 .. . , .. .. 
P,IOII·;, ,. .. . 1·6948 1'3779 .' .. 

" .. 
Lime .. .. .. .. .. ·2·8500 1·8800 ., 

K,O .. .. ., .. .. 3·7423 3·5408 .. 
FLOWEDS. 

Ash .. .. .. .. .. 13·85 14·20 .. 
PaOG .. .. .. .. .. 1'5756 1·4672 .. 
Lime .. .. .. .. .. 2·2300 0.-&200 .. 
KaO .. .. .. .. .. 3·3083 3·6114 .. 
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TABLE No, 167-(contd.) 

Percentage mineral compositiorl oj dry matter at different stages oj Ufc,wth in the 
cotton plant. (Protected.) 

1931.32 . 
. , I Appearance of Appearance of End of Maturity of 

Constituents. flower-buds flowers. flowering. bolls. I 1/10. . 3/12. .3/1. 25/2. 

BOLLS. 

h .. .. .. .. .. 18·10 ,/·50 6·85 

PliO, .. .. .. .. .. 9·1179 0·9815 0·9887 

Lime .. .. .. .. .. 4·5000 j!·201,l0 1,61,100 

K,O .. .. .. .. .. 2·0920 ~·6343 3·7035 

SRED LE. VE~. 

Ash .. .. .. .. .. 21·86 21·90 21·2J 

PliO, .. ., .. .. .. 1·4129 1·5948 1·1992 

Lime .. .. .. .. .. '·3600 8·9400 8·6000 

KlIO• ., ., .. .. .. ~·2154 3·5951 4·4164 

SRED BUDS. 

Ash . , .. .. .. .. .. .. .. 
PaOli .. .. .. .. .. 1·6841 1·6841 .. 
Lime .. .. .. .. .. .. 1·2000 .. 
KlIOG .. .. .. .. .. .. .. .. 

SRED BOLLS. 

Ash .. .. .. . . .. .. .. 14·38 

PlIOG .. .. . . . , .. 0·4889 1·0971 .. 
LiJl}e .. .. .. .. .. 4·5600 ,. .. 
K1I6 .. .. ' .. .. 4·1064 3·6803 .. .. 



TABLE No. 168. 

Perce:ritage of nitrogen in the different Orga,'n8 of the cotton pla~t. . (Protected.) 

1929-30. 

1 
Roots. Is~m andi Green Flower. FJo~Pt'I; BolIs. 

.1 

Shed 

I 
Shed Shed 

Da~. branchetl. leaveB. buds. lel\v6B. buds. bollB. ,. 

9th September .• . . .. .. 1·1170 1·5490 3·9320 ..; .. .. .. .. 
23rd ~ep~mb9'" .. .. .. 0·8937 1·3900 3·4690 .. . ... .. .. .. , 

7th October .. .. .. .. 0·6621 1·0920 3'4690 3·7180 .. .. 2'41100 .. .. 
; 

21Bt October .. .. .. .. 0·11627 0·7877 3·1370 3·7800 2·9300 2·6220 2·3440 2·6960 . 
4th November •• .. .. .. 0·6354 0·6158 2·8200 3·11620 3·0900 2·1310 2·06110 2·6950 ,I' 8930 

18th November •• .. .. .. 0·6426 0·69118 2·7640 3·1390 . 2·7080 :·2230 2·0660 2'4650 1·7780 • 

2nd December •• .. " . ... 0'6624 0·6667 2·2770 3·0840 2·6680 1·7680 1·8190 I 2'-,520 1·7240 

16th December .. .. .. 0'4177 0·7610 2·1280 .. .. 1'. 6380 1·7380 2·3300 1·7610 

80th December 0·3906 0·4984 2'0470 . 1·6630 1·6160 2·3300 1·7820 .. .. .. .. .. 
13th ~anuary· •• .. . . .. 0'4177 0'4310 ·1'8860, .. .. 1'3960 1·46110 2·3300 1'7380 

27th January •• .. .. ' .. ·0·4316 0'4Ml ,1·8960 .. ... ~'3990 1·3080 2·3300 1·9090 

11th February •• .. .. .. 0·42110 0·4989 1·9230 .. .. . 1·1330 1·3730 2'4690 1·7620 , 
: 

I 



TABLE No. 169. 

Percentage of nitrogen in the different org~~ ofth,e 'cotton,plant. (Protected.) 

1930-31. 

Datil. Roots. Stem and Green Flower-
Flowers. I Bolls. Shed Shed Shed 

" branches. leaves. buda. leaves. buds. bQIIs. 
.. " I 

3· 3920 I i 

8th ,(~otober .. .. .. 0·7615 0·9465 .. .. .- 2-2572 .. " 

22nd Ootober ,'. .. . .. 0-6350 0·7730 3·5130 I 3-4990 2-9160 .. 2-0280 2-5010 --
I 

5th ~ovember .. ... .- 0-6390 0·7370 3·4300 I HH30 3-Q160 2·7350 2'Q820 2·7610 2-1240 

19th No,-ember .. ' .. .. 0-6015 0·6280 3·2320 3'4;lHO .. 2·3750 2-0720 2·9370 2-2600 

3rd December .. .. 0'4180 0·5060 2·9870 3'lQ20 2·8120 1·8250 2·0520 2·2500 2-0220 

17th December .. - '- 0-4410 0·5170 2·4630 2-1)(80 2-7Q60 2·0320 1·9010 2'2060 1-8400 

I 

31st Deoember -- .. " 0·4650 0-5105 2·4570 2·7650 2·9210 1·825 1·9350 2·2610 1·8270 

14th January -- .. .. 0-4260 0-4260 2·2590 .. .. 1·6270 1·7360 2-4730 1·9010 

28th January .. .. .. 0-4250 0,4700 2·0:HO -- .- 1-3660 1·6150 2·6160 1-8360 

11th February .. .. -- 0-3801 0·4630 1-.9450 .. _ . 1·2740 1·5620 2·6550 1·8050 

25th February .. .. .. • 0·529 0·4718 1·881 .. .. 1·1840 1-4760 3·136 1-2080 



Date. 

22nd Ootober .. 
6th November .. 

19th November 00 

3rd Deoember .. 
16th Deoember .. 
30th Deoember .. 
13th JanuM)" .. 
27th January .. 
lOLa FebRary rr 

24t,h February .. 
Date .. 

Average totalleavea 

TABLE' No. 170". 

Percentage oJ nitrogen ion; the different organs 0/ the cotfdn plU,n! (Protectetl.) 

1931-32. 

Roots. Stem and Green Flower. Flowers. Bolls. Shed Shed 
branches. leaves. buds. leaves. buds. 

I 

..' 0·7851 1·2035 3·0234 .. .. . . 1·8043 .. 

.. ' 0·7980 0-8635 2-8691 3-3063 . . 1-6625 .. 

.. ' 0-6063 0·6764 3-2536 3-3436 .. .. 1-6731 .. 

.. 0-5742 0-6321 3-0105 3-2150 .- .- 1-5445 .-

.. 0·5163 0-6080 3·1901 3·1396 2-2428 2·7872 1-5702 2-8189 

.- ' 0·4288 0-5572 2·7282 3-0863 2-8696 2,-2286 1-5631 2-5022 

.. &·4367 0-4803 2-4853 -- .. 1-8121 1-4217 -' 
'- 0·4367 0-4419 2-2048 .- , .. 1-6623 1-1789 .. 

.. O·.a67 0-4288 1·8183 .. .. 1·4348 1-191l1 .. 

.. 0·4465 0-4911 2-1749 _. .. 1·7184 1-0867 . . 
.-.- 12/10 5/11 19/11 3/12 16/12 30112 13/1 27/1 

.- 4_8277 4-4316 4-9267 4-5550 4.7603 4-2913 3-11070 3-4337 

I 

Shed Total. bolls. 

I 

. . 2·213, 

.- 1·957 

-- 1-854 

'- 2·068 

1-9740 2:028 

HI597 1-1120 

1-801. 1-657 

1-7030 1·400 

1·780 1·137 

1-7015 1-329 

-10/2 2'/2 

3'0095 1-261' 



TABLE No. 171. 

Nitrogen content of the growing leaf on the cotton plant. (Protected.) 

Leaves incepted on 3rd October. 

(Average of six leaves.) 

1930-31. 

I Area in Total 

473 

Dry matter Percentage Percentage ,?-itrogen Age in days. I square in graIns. moisture. nitrogen. In gms. ltemarks. 
ems. 

per leaf . 

. 
8 .. 32·20 0·1400 76·3905 3'886 0·0054 

12 " 43·17 0·2468 76·3948 3·533 0·0087 

16 " 56·17 0·2481 77'8704 3'595 0·0102 

20 " 54·13 0·3087 76'9846 3·449 0'0107 

24 .. 54·45 0·3111 77'4317 3·313 0'0103 

28 " 52·88 0·3183 76·4314 3·238 0'0103 

32 " 54'93 0·3205 7'1' 3871 3·055 0·0098 

36 .. 65·93 0·3495 75·6446 2·973 0·0104 

43 " 66·25 0·3523 74·8573 2·802 0'0099 

.50 " 55'80 0·3650 72'0800 2·759 0·0101 

57 " 55·81 0·3846 73'8700 2·602 0·0100 

78 " 64·10 0·4745 75·4100 2·273 0·0108 

85 " 55·50 0·3792 75·2900 1·799 0'0068 Commencement of 
yellowing. 

.. 0'3976 .. 1·707 0·0066 Do. 

100 .. .. 0·3776 .. 1'091 0'0041 Completely detached 

107 "i .. 0·3876 .. 1·280 0·0050 Do. 

611 
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TABL:C No. 172. 

Nitrogen content oj the growing leaJ on the cotton plant. (Protected.) 

Leaves incepted on 1st September. 

Date. 

7th September 

12th September 

17th September 

22nd September 

29th September 

3rd October •. 

8th October •. 

15th October .. 

22nd October .. 

24th October •. 

26th October •. 

30th October .• 

31st October •. 
r 

Average 
area in 

sq. ems. 

36·50 

48·27 

51·98 

55'08 

82'68 

72·35 

(Average of six leaves.) 

1931·32. 

Total 
Dry matter Percentage Percentage qu( a~ttity 

. . 't 0 III ro-
l~ grams. mOisture. nI rogello gen in gms. Bernarb. 

0·1392 80·6618 

0'23i3 78'7100 

0'2802 78'6264 

0·2768 81'0836 

0·4192 78'2160 

0'4333 78·0443 

0·4958 79·4303 

0'4417 78·9131 

0'4438 78·1000 

0·4483 

0·4082 

0·4421 

0'4421 

I per leaf. 

"111 

3'246 

3'026 

2'800 

2'681 

2'637 

2'3,&9 

1·716 

1'646 

1'529 

1'286 I 

0'0067 

()'0077 

0·0091 

0'0096 Over 3- raill 011 
19th. 20th and 
21,t September. 

0'0128 

0·0121 

0'0133 

0'0112 

0'0104 Leavell about to 
yellow. 

0'0077 Leavee lellow and 
tume dry to
warda the peri. 
phery. 

0'0067 Leavell fallen. 

0·0068 Do. 

0'0057 
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TABLE No. 173. 

Nitrogen content of the growing leaf on the cotton plant. (Protected.) 

Leaves incepted on 2nd October 1931. 

(Average of six leaves.) 

1931·32. 

Total 
Area in Dry matter Percentage Percentage quantity 

Date. square in grams. moi.ture. nitrogen. of nitro· Remarks. 
ems. gen in gm_~_ 

per leaf. 

8th October .. 33·98 0·1367 79·7381 3·832 0·0053 
15th October .• 66-45 0-3614 76-7542 3·3990 0·0123 
20th October .. 53·30 0-3525 75-0626 2·673 0-0094 
24th October •. 66·98 0·4373 73-5717 2'588 0-0113 
29th October .. 70·90 0-4244 74·81100 2-469 0-0106 

3rd November 70·00 0-4167 74-89 2'623 0- 0109 
11th November 65·100 0·4778 72-89 2·508 0·0120 
18th November 67·20 0·4450 74-50 2·438 0-0109 
21st .N ovember 60'43 0-3911 74-39 2-384 0-0093 
28th November 76'60 0-4726 74- 08 2-315 0-0109 
5th December 70·00 0·5009 75-76 2·263 0'0113 

19th December 70·00 0·4708 73-88 1-865 0·0088 Yellow. 
25th December .. 0·4801 -- 1·104 0·0053 Detached. 
30th December .. 0-4778 .. 1-238 0-0059 Do. 

TABLE No_ 174_ 

Nitrogen content of the growing leaf on the cotton plant. (Protected.) 

Leaves incepted on 3rd November. 

(Average of six leaves.) 

1931·32. 

I Total I 
Area in uantit of 

Date. square ' Dry matter Percentage [Percentage q't :; 
RE){ABXS. . . I' mrog'n I ems. In grams. mOIsture. nitrogen. in gm~. I 

p",-Ieaf. 

11th November 24·90 0·1556 73·09 I 3·748 0-0058 
16th November 28·31 0·1839 74·00 3·343 0-0061 
23rd November 36·55 0·2377 .. 3·206 0·0076 
28th November 34'40 0·2070 75·82 3-366 0'0069 
5th December 35·28 0·211& 75·05 3·109 0-0066 

12th December 34·66 0·2133 76·81 3·152 0·0067 
19th December 34·89 0-2160 75·79 ),801 0-0039 Slight yellowi~h. 
26th DeooIX\ber 35·00 0·2143 75·21 1·930 O· 0041 Do. 
2nd January .. 0'2200 .. 1'775 0·0039 Dried at the 

periphery. 
17th J aIUlary .. 0·2199 .. 1'672 0·0036 

; 



I 

TABLE No. ~75. 

Total nitrogen in grammes in the different ~gan8 oj the cotton plant. (Protected.) 

1929-30: 

Date. Roots. Stem and Gl'een Flower. Flowers. Bolls. Shed Shed Shed Total. branches. leaves.- buds. leaves. buds. bolls. 

I 

9th September .. I- 0'0091 0-0138 0'0900 .. .. .. I .. . . .. 0·1129 

23rd September .. 0'0113 0·0209 0·3191 .. .. .. .. .. . . 0·3513 
I ; 

7th Ootober .. .. 0'0248 0·0710 0·5437 0'003~ .. ., 0·0767 0·0019 .. 0·7214 

2lBt Ootober .. .. 0'0438 0'1401 0'828;1 0·062p 0·0027 0·0071 0·1034 0·0037 .. 1·1911 

4th November .. 0'0861 0'1428 0·8997 0'1I8~ 0·0027 0·0238 0·1113 0·0953 0'0083 1·4887 

18th November .. 0'0702 0·1657 1·0330 0·1951 0·0278 0·2223 0·1480 0·0164 0'0578 1·9363 

2nd December .. 0'0751 0'2036 1·0090 0·0504 0·0089 0·'7250 0·1728 0·0245 0'2471 2·5164 

16th Deoember •• 0-066~ 0'3390 I 0·9727 1·1600 0-2259 0·0280 0'3922 3·1838 .. .. .. 
30th Deoember •• .. 0·0778 0'2202 0·'7345 .. .. 1·5600 0·21101 0-0309 0'3564 3·2599 

13th January .. .. 0·0794 0'1879 0'6082 . . .. 1·3140 0,"'37 '0'0309 0'3788 2·9429 

27th January .. .. 0·0863 0'2061 0·3337 " .. 1·6240 0·4839 0'0309 0'3940 3·1589 

11 th February .. .. 0'09095 0'2013 0·2436 . . rl .. 2·0130 0·80.&2 0' 0248 1 0·3154 3'6735 

I . 



TABLE No. 176. 

Total nitrogen in grammes in tke different organs of tke cotton plant. (Protected.) 

1930-31. 

I 
Date. . Roots. Stem and Green Flower- Flowers. Bolls. Shed Shed Shed 

Total • branches. leaves_ buds. leaves. buds_ bolls. 

8th October .. _ . 0·0262 0'0435 0·2748 0·0432 . - -. 0·0248 .. .. 0·4125 

22nd October .. .- 0·0292 0'0866 0·5550 0·0644 0·0058 .. 0-0527 0-0060 .. 0'7997 

5th November. _ .. 0·0450 0'1002 0·6667 0·0136 0·0047 0·0141 0·0583 0-0221 0'0170 0·9417 

19th ~ovember .. .. 0·0582 0'1558 0·9276 0·0684 .. 0·0428 0·1201 0'0235 0'0407 1-4371 

3rd December .• .. 0'0543 0'1475 0·8863 0·1603 0·0042 0·1095 0'1710 0'0082 0'0303 1-5716 

17th December .. .. 0'0714 0·1230 O· 7932 0·1429 0·0162 0·2886 0·1331 O'OllO 0'0368 1·6162 

;:JIst December .. .. 0-0837 0'1521 0·6683 0·0111 0·0020 0'6900 0-3095 0'0181 0·2922 2'2270 

14th January .. .. 0·0750 0'1244 0·5059 _. .. 0'7065 0·4340 0·0198 0'2738 2'1394 

28th January .. .. 0·0850 0'1387 0·4397 .. .. 0'7345 0·4443 0·0262 0'2616 2'1300 

11th February .. .. 0·0752 0'0959 0'282i .. .. 0·6410 0·3671 0·0221 0'2257 1'7091 

:25th February .. .. 0·1026 0'1038 0·2116 .. .. 0'6680 0·3910 0·0235 0'1721 1'6726 

I 



TABLE No. 177. 

Total nitrogen in gramrM8 in the different (N'gana oj the cotton plant. (Protected.) 

1931·32. 

I 
Flowers.i pate. Roots. Stem and, Green Flower- Bolls. Shed Shed Shed Tota.l. branchl'B. 1eav'6B. Ind. 

I 
lea.ves. buds. bolls. 

I 

i2nd Ootober .. " 0.02091 0·0602 0·3386 .. .. .. 0·G09O .. . . 0'4287 

&th N01felDber " 0.03721 J·0!!7!! 1101,380 0·0082 .. 0·0365 .. . . 0'7077 

19th NO\I'ember .. 0·0768 0·1770 1·0412 0,06]3 0·0015 .. 0·0725 .. . . 1'4303 

3rd December .• " O· ]034 0·1745 1·3848 0·2058 0·2226 .. 0·1050 .. .. 2'2031 -
16th Deoomber •• " 0·0968 0·1824 1'6429 C). 26!14 8·0381 0·1603 9·1413 0·0]41 0·0520 1·6973 

~Oth Deoember •• .. 0·0753 0·1686 1·3233 O· 1488 0·0574 0·6129 0·1407 0·0125 0·1372 2'1741 

13th January .. " 0·0849 O·1421t 1'.12& .HI23} 0·0224 0·9060 0·1848 .. 0·3513 2'7282 

-27th January .. .. . 0·0871 0'1348 0'9357 .. .. 0·7559 0·1857 . . 0·2980 2·3972 

10th February .. .. 0·0937 0·1972 0·4909 .. ,:; .. j 0·6672 0·3309 . . 0·3827 1'1626 

!4th February .. .. 1)·0893 0·2333 0·6546 .. )'6454 0·3749 . . 0·3233 3'2208 . r-Da_ •• " 22/10 15/11 19/)1 3/)2 30/12 13/1 27/1 10/2 24/2 

Tota11oavN .. 0·3476 0'574:5 1·1137 1·4898 1·7842 1'4639 )·1976 1'12]4 0·8218 0·9296 



Date. 

7th October .. 
21st O$ber .. 
4th November .. 

18th November .. 
2nd Deoember .. 

16th December .. 
30t,h Deoember .. 
13th January .. 
27th January .. 
11th February .. 

TABLE No. 178. 

Percentage of eth,er extract in the different organs of the cotton plant. (Protected.) 

1929-30. 
,. . , .. 

Roots. Stem and Green Flower- Flowers. Bolls. Shed 
branches. leaves. buds. leaves. 

. . 

.. .. 3·3485 (Ht892, '·2495 .. .. ., 2·2502 

.. .. 2·6004 1,51)13 4·3977· 2·4717 .. .. 2·3696 

.. .. 1·8000 0·8516 4·7tl94 2·6492 .. 1·8638 3·7490 

.. .. 1·7505 2·4998 4·S000 2·4983 1·9000 3·0000 2·9482 

.. . . 1·8500 &,8000 5·0999 2·1004 .. 2·5001 3,1000 

.. . . 2·6500 1·1001 5·8840 .. . . 4·3001 2·9492 

.. .. 3· I641 1·0700 ~·2531 .. . . 9·9475 4·6730 

.. . . 2·5200 1·6447 7·9733 .. . . 6·8874 7·2000 

.. .. 2·3995 1·3601 6·4756 .. . . 5·4905 7·2000 

.. .. 1·6748 1·6198 6·0103 .. 
'I 

7·9039 5·4611 

I 

j 

Shed I Shed 
buds. bolls. 

. . . . 

. . . . 

. . .. 

. . 3·0500 

1·4'700 2·0993 

2·1083 2·1495 

1·8975 2·1995 

1·9461 1-1)885 

1·9022 1·5194 

1·8500 1·4977 



TABLE No. 179. 

Percentage oj etker extract in tke different organB oj tke cotton plant. (Protected.) 

1930-31. 

Date. Roots. Stem and Green Flower- Flowers. Bolls. Shed Shed Shed 
branches. leaves. buds. leaves. buds. bolls. 

~ 

8th Ootober .. .. .. 2·010 1·620 3·780 .. .. .. 3·080 . . .. 
22nd Ootober .. .. .. 1·710 0·960 4·700 1·900 .. .. 3·450 .. .. 
6th November .. .. .. 1·680 0·700 4·180 .. .. .. 3·60 .. .. 

19th November .. .. .. 1·630 0·870 4·270 1,670- .. 1·810 2·750 .. 1·900 

3rd Deoember .. .. .. 2·050 0'650 6·340 1·990 .. 2·070 2'180 .. 2·660 

17th Deoember .. .. .. 2·400 1·000 3·950 1·460 2·160 1'750 2·650 1·650 2·360 

31.t Deoember .. .. .. 2·350 0·680 6'000 .. .. '·660 3'600 1'600 2·320 

l'th January .. .. .. 2·060 0·950 41-400 . . .. 6·800 3·650 3·000 2·160 

28th January .. .. .. 2·850 l-liOO 6·600 .. .. 6·050 6·660 lI'600 2'260 

11th February .. o. .. 1·700 0·650 8'700 .. .. 8·200 8·160 3·000 2·360 

26th February .. .. • 0 2·800 1·250 6'35 .. .. 6·850 8·160 .. '·600 

j 



Date. 

22nd October .. 
5th November •• 

19th November •• 

3rd December .• 

16th December .• 

30th December .• 

13th January .. 
27th January .. 
10th February .. 
24th February .. 

TABLE No. ISO. 

Percentage of ether extract in the different organ8 of the cotton plant. (Protected.) 

1931-32. 

r Roots. Stem and Green Flower. Flowers. Bolls. Shed Shed .. 
, I· 

branches. leaves. buds. leaves . buds. 

.. 1·95 1·35 2·95 .. . . .. .. .. 

.. 1·30 1·15 2·90 .. . . .. 2·90 .. 

.. 2·05 1·20 4·05 2·10 .. .. 2·60 .. 

.. 1·75 1·05 4·10 2·15 .. .. 2·80 .. 

.. 1·65 0·85 3·25 1·95 1·50 2·65 3·80 .. 

.. 2·55 0·95 4·30 2·20 .. 2·30 3·35 .. 

.. 2·45 0·90 5·55 .. .. 3·10 2·30 . . 

.. 2·10 1·05 4·95 .. . . 3·05 3·70 

2·40 1·00 6·20 2·80 4·10 Buds .. .. . . inclusive . 

.. 2·45 1·15 6·65 .. . . 6·45 5·50 

I I 

Shed Total 
bolls. leaves. 

. . 2·95 

. . 5·80 

. . 6·65 

. . 6·90 

2·75 7·05 

. . 7·65 

2·50 7·85 

r" 8·65 

2·25 10·30 

2·35 12·15 



TABLE 'No. 181. 

Total ether extract, in grammes, of the different organs of the cotton plant. (Protected.) 

1929-30 . 

. ' 

Date. 

I 

Roots. Istem and Green I Flower-I I 
I 

Shed 

I 

Shed 

I 
Shed 

. , branches. leaves. buds. Flowers. Bolls. leaves. buds. bolls • 

, . 

'lth October .. .. .. 0·1253 0·0643 0·6659 .. .. .. 0·0705 . . .. 
" 

21Bt Ootober .. .. .. 0·2026 0·2776 1·1610 0·0315 .. .. 0·1045 .. .. 
" 

4th November .. .. .. 0·2439 0·1974 1-11310 0·0883 .. 0·0208 0·2020 .. .. 

18th November .. .. .. 0·2261 0·6952 1·8000 0'155;t 0·0190 0·3000 0·2113 .. 0·0991 
\ .. . . 

2nd December .. .. .. 0·2516 0·2880 2·2608 0·0343 .. 1·0313 0·3135 0·0147 3·009 

.. -. 
16th December .. . . .. 0·4187 0·4900 2·6890 . . .. 3·2380 0'3834 0'0253 0·4815 

30th Deoember .. .. .. 0·6170 0·4726 2·2430 .. .. 9·9310 0·8100 0·0253 0'439G 

13th Januar;y .. .. .. 0·4788 0·7171 2·1480 . . .. 6'4880 2·1960 0'0253 0·4335 

27th Januar;y .. . . .. 0·4799 0·6039 1,1391 .. .. 6·3690 2·6640 0'0253 0·3135 

10th Februar;y .. .. .. 0·3584 0·6560 0''1615 . . .. 10·8814 2·4030 0·01850 0·3295 



TABLJ. .... v. &u ... 

TotaZ ether extract, in grammes, oj the different organs oj the cotton plant. (Protected.) 

1930-31. 

, '" 

I I I I I Date. Roots. lstem andl Green mower-I FI I Bolla. Shed Shed Shed Total. branches. leaves. buds. . owe1'8. leaves. buds. bolla. 

8th Ootober 0·0691 0'0638 0'3062 1 
I 0·0339 I 0'4730 .. .. .. .. .. .. . . 

2~.nd October .. .. 0·0787 0·1064 0·7426 0·0350 .. .. 0'0897 . . .. 1'0524 

5th November •• .. 0·IU2 0·0952 0'812f1 .. .. .. 0-0980 .. . . 1·1170 

19~h November .. 0·1565 Q·2158 1·2255 0·0308 .. 0'0326 0·2175 . . 0·0342 1·9129 

~~d':Oecember .• .. 0·2665 0·1604 1'5842 0·1028 .. 0'1242 0·1817 . . 0·0384 2'4582 

17th' December .. " 0·3888 0·2380 1· 2719 0·0696 0·0130 0'2485 0·1785 0·0078 0·0470 2'4631 
... .. , 

31st December .. .. 0·4230 0·1728 1·6320 . . '- I- 7199 0-5600 0-0128 0-3712 4-8917 

14th January .. .. 0-3608 0-2774 1-4336 .- .. 2'5172 0-9125 0-0240 0-3096 5-8351 

28th January .. .. 0-5700 0-4425 1-2180 .. -- 2- 7144 1-52113 0·0250 0-3206 6-8168 

11th February .. .. 0-3366 0-1343 0-9715 -- -- 3-1207 1-9153 0-0250 0-2938 6-7972 

25th February .. -- 0·5432 0-2750 0-6019 .. -. 3-2346 1-6298 .. 
I 

0-6413 6-9258 



TABLE No. 183. 

2'otaZ ether extract, in gramme8, oj the different organs oj the cotton plant. (Protected.) 

1931-32. 

Date. 

I 
Roots. Stem and I Green I Flower_\ m I Bolls. I 

Shed 

I 
Shed 

I branches. leaves. buds. owere. leaves. buds. 

22nd October .. .. 0·0520 I 0·0676 0·3304 .. .. .. . . " 

5th November .. 0·0607 0·1169 0'0544 .. .. .. 0·0677 ' .. 
19th November •• .. 0·2597 0·3140 1·2960 0·0385 .. .. 0·1127 .. 
3rd December •. .. 0'3l50 0·2898 1·88110 O· 1376 .. .. 0·1904 .. 

16th December ., .. 0·3094 0·2550 1·6738 0·1633 0·0255 0·1524 0·3420 .. 
30th Deoember •. , .. 0·4463 0'2874 2·0855 0·1045 0'0300 0'6325 0·3015 " 

13th January .. .. 0·4778 0·2678 2·2616 .. 0·0150 1'5500 0'2990 .. 
27th January .. .. 0·4200 0·3203 2·0543 .. . . 1·3954, O''''} 10th February 0·5160 0·4600 1·6740 1·3020 1·1389 Bud. .. .. inclusive • 

24th February .. .. 0·'900 0'5463 1·6958 .. .. 8. 1759 1 1·8975 

I 
Date. .. .. .. 22/10 1 11/11 I 19/11 3/12 16/12 30/12 13/1 27/1 

Tot,al leaves 0.3304

1 

I 2·11606 2·6371 .. .. 0·1221 I 1·4087 2·0764 2·158 

1 

2·3870 

Shed I Total. bolls. 

.. 0·4500 

. . 0'2997 

.. 2·0209 

.. 2'8188 

0·0688 2,9902 

.. 3'8877 

0·4875 11·3587 

0·4200 11'1928 

0·4838 11·11747 

0·4465 11,2520 

10·2 24/1 

2·8129 3'15933 



TABLE No. 184. 

Fibre percentage in the different organa of the cotton plant. (Protected.) 

1929·30. 

Date. Roots. Stem and Green Flower. Flowers. Bolls. Shed Shed Shed 
branches. leaves. buds. leaves. buds. bolla. 

7th October .. .. .. 54·8546 41·0615 10·8998 .. .. .. 8·9371 .. .. 
21st October .. .. .. 58·7999 51·2559 11·2500 13·7019 .. .. 8·9387 .. .. 

4th November .. .. .. 51·5424 47·1959 14·4514 14·9685 .. 7·6344 11·0857 .. .. 

18th November .. .. .. 51'8000 49·7501 9·9501 11·6007 14·8000 16'6000 8·3005 .. 14·8000 

2nd December .. .. .. 49·2279 49·5500 9·2001 11·2002 .. 17'8000 10·5000 10· 9000. 14·0093 

16th December .. .. .. 48·1456 51·4145 10'4814 .. .. 33'2005 11·0000 12·6250 12·2321 

30th December .. .. .. 47·6615 52·5923 8'5531 .. .. 42'0400 8·7057 11·3627 13·9500 

13th January .. .. .. 50·0526 51·4450 6·8003 .. .. 46'11195 9· 32f15 11·6538 13·7064 

27th January .. .. .. 47·7500 52'8378 8· 0511 .. . . 42·6551 10·8000 1l·3627 14·0551 



TABLE No. 185. 

Fibre percentage in the different organs of the cotton plant. (Protected.) 

1930-31. 

, 

Date. Roots. Stem and Green Flower- Flowers. Bolls. Shed Shed Shed 
branches. leaves. buds. leaves. buds. bolls. 

8th Ootober .. .. . . 59·05 51·85 17·05 .. .. .. 11·45 .. . . 
j 

22nd Ootober .. " .. 59·85 59·25 18·85 22·15 .. .. 11·90 .. . . 

5th November .. .. . . 54·90 51·75 12·85 .. .. .. 13'75 .. . . 
19th November .. " .. 57·45 54,·90 12·20 11·4. . . 13·80 13·80 13·95 

. 3rd Deoember .. " .. 48·62 53'42 8·99 1l·'75 .. 27·65 10·28 .. 14'15 . . 
17th Deoember .. .. .. 51·25 54·40 15·45 16·65 21·00 29·05 14·20 18'55 18'35 

31.t Deoember .. .. .. 39·50 57'75 12·15 .. .. 33·00 If· 75 17·90 18'39 

14th January .. .. .. "·40 54·90 11·90 .. . . 36·95 11·25 12'90 13'55 

28th January .. .. .. 48·65 64'65 10·55 .. .. 39·80 11·45 13·'10 13·15 

11th February .. .. .. 61·45 68·30 18·30 .. .. 40·15 12·35 13·30 15·20 

25th February .. .. .. 4'·90 11'7·'70 13·10 .. .. 42'1& 13·'75 .. 16·90 



Date. 

22nd October .. " 

5th November .. .. 
19th November .. .. 

3rd December .. .. 
.. 

16th December .. .. 
.. .. 

30th December .. .. 
13th January .. .. 
27th January .. .. 
10th February .. .. 
24th February .. .. 

TABLE No. 186. 

Fibre percentage in the different organa 0/ the cotton plant. (Protected.) 

1931-32. 

I .. 

I 
Roots. Stem and Green Flower- Flowers. Bolls. Shed 

branches. leaves. buds. leaves. 

53·65 I 48·40 14·65 I .. .. .. . . " 

.. 56·75 52·00 15·40 .. .. .. 17'85 

.. 52·70 56·40 15·70 15·95 .. . . 14·90 

" 

.. 62·65 60·35 13·40 15·65 . . .. 13·75 

.. 58·55 57·70 12·80 14·60 15·50 15·15 14·95 

.. 55·40 57·90 12·15 13·50 .. 18·40 13·20 

.. 46·00 56·55 12·30 .. .. 21·60 15·55 

.. 46'05 53.30 11.70 .. . . 29'55 13'20 

.. 51·95 63'65 Il·OO .. .. 27·90 12·00 

.. 51·90 52·60 10·55 

I 
.. . . 36·90 13'00 

I 

Shed Shed 
buds. bolls. 

.. .. 

.. . . 

.. . . 

.. . . 

.. 18·10 

.. .. 

.. 17'3Q 

rw Buds 14·05 inclusive 

16·40 



Date. 

7th O(ltober .. 
21n October .0 

4th November 

18th November 

2nd December 

16th December •• 

30th December •• 

13th January .. 
27th January • 0 

TABLE No. 187. 

Total fibre in the different organs 0/ the cotton plant in grammes. (Protected.) 

1929-30. 

, 

Stem and Green Flower-. Shed Shed Roots. branches. leaves. buds. Flowers. Bolls. leavE's. buds. 

00 2·0526 2·6690 1·7080 .. .. .. 0·2800 .. 
.. 4·5811 9·1133 2·9700 0·1747 .. .. 0·3942 .. 
. . 6·9840 10·9400 4·6100 0·4999 · . 0·0852 0'5973 .. 
.. 6·6905 13·8355 3·7313 0·7211 0·1480 1·6600 0·5949 .. 

.. 6·6950 17·8380 4·0784 0·1829 .. 
I 

7·3425 0·9975 0·1090 

.. 7·6070 22·9000 4·7900 I .. · . 25·0000 1·4300 0·1515 

.. 9·2940 23·230 3·068 .. 00 n'9700 1·509 0·1515 

9,11010 22·4300 1,832 . 
• 0 

43·5200 2·8470 0·1515 .. . . 

.. 9·5500 23·460 1·417 .. o • 49·4800 3·996 0·1515 

Shed 
bolls. 

.. 

.. 

.. 
0·4810 

2·0080 

.. 
2·7400 

2·'1900 

2·988 

2·9000 

Total m 
e the whol 

plant. 

8·7096 . 

17·2333 

23·7164 

27·8623 

39·2513 

64·6185 

82·0125 

83·2695 

.. 



Date. 

8th October .. 

22nd October .. 
5th November 

19th November 

3rd December 

17th December .• 

31st December .. 

14th January .. 
28th January .. 

11th February .. 
25th February .. 

TABLE No. 188~ 

Total fibre in the different orga1UJ of tke cotton plant in grammes. (Protected.) 
1930-31. 

I Roots. 1~~~Ch:~~1 t::v:~. I F~~,;~-I Flowem·1 Bolls. 

.. 2·0313 2·2284 1·3811 . , .. 

.. 2·7531 6·6360 2·5043 0·4076 .. .. 

.. 3·8649 7·0380 2·4981 .. .. . . 

.. 5·5151 13·6150 3·5014 0·2242 .. 0·2484 

.. 6·3205 15'5810 2'6671 0·6071 .. 1·6590 

.. 8·3026 12·9470 4·9750 0'7992 0'1260 4'1252 

.. 7·1100 17·2090 3·3048 . . .. 12'4740 

.. 7'8144 16·0310 I 2·6656 .. .. 16·0360 

.. 9·7300 16·0920 2'2946 .. .. 21·3920 

.. 10·4250 12·0480 2'6535 .. 20·2090 

.. 8·7106 12·6940 1'4737 .. .. 24'1310 

I 

Shed 
leaves. 

0·1260 

0·3094 

0·3850 

0'8004 

0·8566 

0·9986 

2·3600 

2·8125 

3·1488 

2·9023 

3'6437 

Shed 
buds. 

. . 

.. 

.. 

.. 

.. 

0·0928 

0·1432 

0·0872 

0·1370 

0·1108 

. . 

bolls. Total. Shed I 

.. 5·7668 

. . 12-6104 

.. 13· 7860 

0·2511 24·1556 

0·2123 27'0036· 

0·3626 32· 7290. 

2·9280 45'529Q: 

1·0512 47·3979 

1·8739 54·6683 

1·9000 50·2486 

2·4082 53·0612 



TABLE No. 189. 

, 'TotaZ fibre in the different organs of the cotton plant in grammes. (Protected.) 

1931·32. 

Date. 

I 
Roots. Istem andl Green 

I 
Flower· I Flowem.[ Bolls. I Shed I Shed 

I 
Shed I Total in Total 

branches. leaves. buds. leaves. buds. bolls. thewhole I a 
plant. e vea. 

22nd October .. '1·4307 2·4224 1·6408 .. '. .. .. .. .. 11,·4939 1'64Q8 

5th November .. . '2·6484 5·2867 2·8875 .. .. .. 0·4165 .. . . 1·2391 3·30.0 

19th November .. 6·6753 14'7580 5·0240 2·9241 .. , . 0·6457 . . .. 30·0271 5'6697 

3rd December .. 11·2775 16·6566 6·1640 1·0016 .. " 0·9350 .. .. 36·0347 7·0990 

16th December .. 10·9781 17·3100 6·5920 1·2227 0·2635 0·8711 1·3455 .. 0·4525 39·0354 7·9375 

30th December . .. 9·6950 17·5147 5·8927 0·6412 .. 5·0600 1·1880 . . '. 39·9916 '1·0807 

13th January .. 8·9700 16·8236 5·0122 .. . . 10·8000 2·0215 .. 3·3735 "·0008 7·0337 

27th January .. 9·2100 16·2565 4·8555 .. . . 13·5191 2·0790 

r~ 
48·6151 6·9345 

10th February .. 11·1692 24·6790 2'9700 .. .. 12·9735 3.3334 Buds 3·0207 58·1458 ',303' 
inclusive 

Uth February .. 10·3800 24·9850 2·6902 .. .. 35~3317 '·4850 3'1160 80·9879 7·1752 

I I 



TABLE No. 190. 

Percentage oj total hydrolysable carbohydrates in different organs oj the cotton plant. (Protected.) 

1929-30. 

t 

Date. Roots. Stem and Green I Flower- Flowers. Bolls. Shed Shed Shed 
branches leaves. 

I 
Buds. leaves. buds. bolls. 

'7th October 31''7050 44·3707 49·3128 I 50·2028 . . .. .. .. .. " .. . . 

21st October .. .. .. 28·3699 36·4145 49·3602 40·9882 .. .. 55·4376 . . .. 
4th November .. .. .. 36'4664 42'2653 47·6574 47·0507 .. 67·1237 53·3612 . . .. 

18th November .. .. .. 37·5000 . 38·6757 50'1317 51·8501 40·4200 54·2560 55· .6690 .. 60·7046 
I 

2nd December .. .. . . 40'1'713 41· 2152 52·6336 54·2498 .. 60'S167 54·4421 58· 7200· 62·0156. 

16th December " .. .. 41·1930 37·2770 51·4288 .. . . 47·0199 54·5900 57·1833 63·0236 

30th Deoember .. .. .. 41'91I8 37'6728 53'4384 .. " 32·7459 55'5849 60·6015 60·9130 

! 
13th January .. .. .. 39·4152 37·9667 54·5033 .. . . 33'1247 53·7013 59' 5923 1 61·2247 

t 

27th January " .. .. 42·0835 37·9394 54·1I93 .. . . 36'5845 54;5757 60' 5037
1 

60·7958 



TABLE No. 191. 

Percentage of total hydrolysable carbohydrates in different organs of the cotton plant. (Protected.) 

1930-31. 

.-. 

,. 
na.te. Roots. Stem and Green Flower-I FI .. Bons. . Shed Shed Shed 

branches. leaves. buds. owers. leaves. buds. bolls. 

' .. . , . .. I 

8th Ootober 27·7500 I 30·2905 38·4963 
I .. , . . . .. .. .. 51'6364 .. .. 

22nd Ootober .. .. .. 28·2717 27·4179 38·0il68 38·1413 .. .. 49·8462 .. .. . -
lith November .. .. .. 33,4048 35·4522 44·2098 .. .. .. 48,4571 .. .. 

i9th November .. .. 30·9604 32·5742 46·6188 52· 346!t .. 59,5111 48,3534 .. 67·'7556 

3rd Decmnber .. .. .. 40·6608 37·3693 48·2291 53·2603 .. 49·9516 54'0746 .. 68·6400 

17th Deoember .. .. .. 37·6747 35·3412 48·0528 50·4458 47·4500 47·2288 51,2000 63·9200 66·1800 

31st Deoember .. .. .. 49·3939 32·9315 48·6922 .. .. 43·3057 48,1163 64·1000 66· i394 

14th January .. .. .. 45·2602 35·5860 47'7942 .. .. 39·9267 50'8980 68·1500 70·6146 

28th January .. .. .. 40·3935 37·1444 50·5623 .. .. 38·7107 51·9018 64·8000 71·2906 

11th February .. ... .. 37·7242 32·2015 41·9855 .. .. 37·3889 48·2340 64·4786 69·3600 

25th February .. .. .. 44·49-&3 32·1509 49·6524 .. .. 36·2086 49'7800 .. 69·8421 



TABLE No. 192. 

Per.c~ntag.e of total hydrolysable carbohydrates in different organs oj the cotton plant. (Protected.) 

1931-32. 

\ 

Percent-
Date. Roots. Stem and Green Flower· Flowers. Bolis. Shed Shed Shed age iri 

branches. leaves. buds. leaves. buds. boIls. the whole 

I plant. 

22nd October .. .. 32·441 33· 271 48'006 .. .. . . " " .. 40·820 

:Sth November .. .. 29·465 32·701 49·729 " .. .. 47·371 " 41·839 

I 
19th November .. 34'260 30·223 40·718 .. .. . . 50·091 " .. 35·584 

3rd December .. .. 25'417 27·529 45·028 47·606 .. . . 52'299 .. " 37·063 

17th December .. .. 30·373 29·853 44· 848 I 48'452 54·194 49·893 47·1138 .. 56·346 40·200 

31st December .. .. 32·319 31·565 47'400 ) 50·958 .. 55'720 52·431 .. .. 41·262 

14th January .. .. 42·579 33·147 46·244 " .. 56·375 51·015 .. 65·487 48·036 

28th January " .. 42·467 36·586 46'508 .. .. 49·124 52·679 .. 58·576 46·827 

11th February .. .. 37·776 35·971 49·890 .. . . 53·433 54·051 , . 61·869 47·984 

25th February .. .. 37·506 37·831 46'059\ " .. 39,313 51'858 .. 
I 

57·321 42·783 



TABLE No. 193. 

Total hydrolysable carbohydrates in grammes in the different organs oj the cotton plant. (Protected.) 

Date. 

7th October .. .. 
1st October " .. 
4th November •• .. 

t 8th November •• .. 
2nd December •• .. 

1 6th l>ecember •• .. 
3 Oth December •• .. 
1 3th January .. .. 

th January . . .. 

I Rots. I Stem and I o branches. 

1·1864 2·8841 

2·2103 6·4745 

4·9412 9·7971 

"8435 10·7557 

5'4633 14·8375 

6·6085 16·6032 

8·1728 16·6401 

7·4889 16'6535 

8'4167 16·8461 

Green 
leaves. 

7·7280 

13·0311 

15·2027 

18·7994 

23·3325 

23·5036 

19·1684 

14·6832 

9·6257 

1929·30. 

I 
Flower· \ FI I buds. owers. Bolls. 

0·0361 .. .. 
0·5226 0·0365 0'1824 

1·5682 0·0348 0·U91. 

3'2230 0·4042 5·4256 

0·8859 0·1347 25·0869 

.. .. 35·4060 

.. .. 32·6913 

.. .. 31·2035 

.. . . 42'4380 

Shed 
leaves. 

1·5729 

2·4448 

2'8751 

3·9898 

IH720 

7·0967 

9·6347 

16·3789 

20·1938 

Shed 
buds. 

. . 

0"0822 

0·2214 

0·3917 

0'5872 

0·6862 

0'8080 

0·7747 

0·8047 

Shed I bolls. Total. ' 

. . 13·4075' 

0·1700 25·1544 

0·2635 35'6531 

1.'9729 49·8058 

8'8887 84·3887 

14·1173 103·9215 

12·1826 99'2979 

13·4478 100·6305 

12·4240 110·8478 



'rABLE No. 194. 

Total hydrolysable carbohydrates in the different organs of tke cotton plant in gramme8. (Protected.) 

Date. Roots. lStem andi 
branches. 

I 
I 

8th October .. .. 0-9546 1·2722 I 
22nd October .. .. 1-3005 3-0708 

5th November •• .. 2-3517 4-8215 

19th November .. 2-9722 8-0784 

3rd December •• .. 5-2859 10-8994 

17th December •• -. 6-1033 8-4112 

31st December 
,. .. .. 8-8909 9-8136 

14th January .. .. 7-9658 10-3911 i 
i 

28th January .. .- 8-0787 10-9576 

11th February .. .. 7-4694 6-6550 

25th February .. .. 8-6319 7-0732 

i 

Green 
leaves. 

3·1182 

6-0193 

8·5944 

13-3796 

14-3080 

15-4736 

13-2443 

10-7059 

10-9973 

6-0879 

5-6869 

1930-31. 

1 F~~:~-I Flowem. J Bolls. I 
Shed 

leaves. 

1 
0-0150 I -. .- 0·5680 

0-7018 0-0949 -- 1-2960 

0-2024 0-0734 0-3062 1-3568 

1-0260 .. 1-0712 2-8045 

2-7518 0-0712 2- 9971 4·5062 

2-4214 0-2847 6-7065 3-5840 

0-2018 0-0325 16-2696 7-6986 

.. . . 17-3282 12-7245 

.- .. 20-8070 14-2730 

-- _. 18-8193 8-4327 

_. .. 20-7294/13-1917 

Shed 
buds. 

-' 
0-1534 

0·5114 

0-5114 

0-2344 

0-3196 

0-5128 

0-5452 

0-6480 

0-5373 

0-4836 

Shed 
bolls. 

-. 
-. 

0-5420 

1-2196 

1-02il6 

1·3236 

10-5823 

10-1541 

10-1589 

8-6700 

9·9528 

Total. 

5·9280. 

12·6367 

18·7598 

31-0629 

42-0836 

44-6279 

67-2464 

69·8148 

75-9205 

56-6716 

65-6486 



TABLE No. 195. 

Total hydroly8~ble carbohydrate8 in the different organs oj the cotton plant in grammes. (Protected.) 

1931-32 . 
. , -

IFlowers·1 
I 

I I Stem Green I Flower· I Shed I Shed Shed 

I I Total Date. Roots. and Bolls. Total. 
Ibranches 

leaves. buds. leaves. buds. bolL'!. Ifl8.ves. 
I 

22nd October .. .. 0·8651 1·6658 5·3768 .. .. .. . . .. .. 7·9077 5·'768 

lith November .. .. 1·3751 3·3247 9·3242 .. .. . . 1·1053 . . .. 15'1293110.4295 
I 

2.17061 19th November .. .. 4·3397 7·9085 13·0300 .. .. .. .. .. 27·4488 15·2006 

3rd December .. .. 4·5552 7·5980 20· 7130 3·0468 .. ~. 3·5563 . . .. 39'4693 24·2693 

l6th December .. . . 5·6950 9·1350 23·0968 4·0578 0·9213 2·8689 4·3054 .. 1·4087 fH·4889 27·4022 . . 

30th December 
. . .. .. 5'6562 11-1;487 22·9893 2·4205 .. 15·3228 4·7188 .. . . 60'6563 27·7081 

13th January .. .. 8·3028 9·8614 18·4257 .. .. 28.1880 6·6320 .. 12·7704 84·1803 25·0577 

27th January .. .. 8'7056 11·1591 19·3010 .. .. 22.470" 8·2968 . . 10·2513 80·1882 25·5978 

10th February .. .. 8·1220 16·5470 13·4695 .. .. 24·8460 15·0154 .. 13·3023 91·3022 28·4849 

24th February .. .. 7·5012 17·9695 11.7448

1 

.. 
I 

.. 37·6429 17.8913 .. IO.8913110a.6UO 29·6361 

I 
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TABLE No. 196. 

Ratio of total llydrolysable carbohydrates to total nitrof1en in different organs 
of the protected plants. 

1929-30. 

Date. I Roots. Istem and Green 

I 
Flower. I Flowe~'1 Bolls. branches. leaves. buds. 

--

7th October .. .. 47'84 40·62 14·21 12·00 .. .. 
21st. October .. .. 50'46 46·21 15·74 8·43 13·51 25·69 

4th November .. .. 48·67 68·51 16·96 13·18 12·51 :n·48 
18th November· .. .. 68·99 67·29 18·12 16·69 14·43 24·44 

2nd December .. .. 72'84 72·73 23'12 17·60 15·13 34·63 
16l>hDecembet .. .. 98'62 38·82 22·91 .. .. 30·54 

30th D~cember .. .. 104·78 75·64 26·26 .. .. 20·95 
13th January ., .. 94·79 88·09 28'90 .. .. 23·74 

27th January .. .. 97·87 81·77 28·88 .. . . 26'13 .. . - _. ----

TABLE No. 197 . 
.. 

Ratio of totalllydrolysable carbohydrates to total nitrogen in different organs 
of the protected plants. 

1930-31. 

Date. I Roots. 1~;:~Ch~~~/ {;~~~~. I F~~:~'/ Flowers./ Bolls. 

8th October .. .. 36·43 29·24 1l·34 .. .. .. 
92nd October .. .. 44·53 35'46 10·84 10'89 16·36 .. 
5th November .. ., 52·27 48·21 12'89 14·89 15·61 21·43 

19th November .. .. 59·17 51·78. 14·42 14·95 16'95 25·03 

3rd December .. .. 97·21 73·89 16·15 17·16 17·1;7 27·37 
17th December .. ., 85·48 68·38 19'50 14·14. 16·25 23'44 

31st December .. .. 106·22 64·56 19'81 18·18 .. 23'58 

14th January .. .. 106· 21 83·79 21'16 .. .. 24·52 
28th January .. .. 95·05 78·99 25'01 .. .. 28·32 

11th February .. ., 99·58 69·39 21·58 .. .. 29·35 
25th February .. . , 84·13 68·14 26'39. .. . . 31'03 

63 
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TABLE No. 198. 

Ratio oJ total hydrolysable carbohydrates to total nitrogen. in. diJJerent organs 
oJ the protected plants. 

1931·32. 

Date. I Roots. Istem andl Green Flower. 
FloweN·1 Bolla. branches. leaves. buda. 

22nd October .. .. 41·19 27·76 15·88 . . .. .. 
5th Novl!mber .. .. 37·16 37·79 17·33 .. .. .. 

19th November .. .. 56·50 44·68 12·53 .. .. .. 
3rd December .. .. 44·22 43'42 14'9G 1",80 .. .. 

16th December .. .. 58·71 50·19 14·05 15'09 2",19 17'89 
30th December .. " 75'41 56·83 17·37 16·" .. 24·99 

13th January .. .. 97'68 68'95 18·19 .. .. 31·11 
27th January .. .. 100·06 82·66 20·64 .. .. 29·73 

lOth February .. .. 86·40 83·94 27·44 .. .. 37·25 
24th February .. .. 84·29 77·12 21·16 .. .. .. 

TABLE No. 199. 

Ratio oJ total ash to total nitrogen abBDrbed by.the plant at diJJerent atages oJ growth. 
(Unprotected plants.) 

18th September 
25th September 

30th September 
1st October 

8th October 
14th October 

29th October 
12th November 

Date. 

26th November ._ 
10th December _-_ 

24t,h December __ 
7th January 

21st January 
4th February 

18th February 
4th March 

1929-30_ 

4-22 

3'41 

5-73 
6'19 

7-66 
7'15 

7'17 
8-29 

8-43 
9-00 

1930-31. 

6'06 

6-07 
5-88 

6'85 
7'21 

7'62 
8-56 

10-46 
10'49 

10-67 
10-85 

1931-32_ 

6-92 
7-42 

7'11 
7-04 

7'23 
8-06 

8'81 
8-42 

10-M 
7-"7 



TABLE No. 200. 

Ratio 0/ 'total a8h to total nitrogen ab80rbed by the plant at different 8tages 0/ gTe-wth. 
(Protected.) 

Date. 1929·30. 1930.:U. 1931·32. 

7th October 4'75 5'76 
21st October 5'60 6'13 5'86 

4th November, , 5'96 5'91 6'89 
18th November 6'78 6'26 7'24 

2nd Deoember ., 7'II 6'97 6'49 
16th December,. 6'S7 7'04 6'92 

30th December,. 6'69 6'68 6'98 
13th January 7'74 7'66 7'62 

27th January 7'61 8'27 9'19 
10th February 7'31 8'67 10'15 

24th February 9' 19 8'21 

TABLE No. 201. 

Percentage 0/ total nitroyen and 0/ insoluble albuminoid nitrogen in growing and 
sIted bolls of t/be same size, 

1926·27, 

I 

Porcentage 

Date, Organ. Percentage insoluble 
total nitrogen. albwninoid 

nitrogen, 

11th December ., Young bolls with bracts " " 2'492 1'688 
Shed .. " 

.. .. 2'410 1'609 

25th December .. Young .. " 
.. .. 2'428 1'307 

Shed .. " 
.. .. 1'625 1'294 

9th February .. Young 
" .. .. .. 2'369 1'741 

Shed .. .. .. .. 1'979 1'239 

24th February .. Young .. " " .. 2'640 1'952 
Shed .. .. . , .. 1'943 1'404 

11th March .. Young .. " 
, . .. 2'229 1'803 

Shed 
" .. .. .. 1'748 1'352 

lOth January .. Young bolls wit,hout bracts " 
2'569 2'086 

Shed .. .. .. 2'558 2'200 

25th January .. Young .. II .. 2'506 1'864 
Shed .. " 

.. 2'412 1'856 
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.'l'ABLE No. 201-{contd.} 

Percentage oj total nitrogen and oj inBoluble albuminoid nitrogen in gntoing and 
8hed bolls oj the same size. 

1927·28. 

I Percentage 
Percentage 

Date. Organ. insoluble 

I total nitrogen. albuminoid 
nitrogen. 

28th November .. Young buds with bracts .. 4'171 3'/104 
Shed 

" .. .. 2'29Q 1'996 

12th December .. Young " .. .. 3'730 2'331 
Shed .. .. . . 2'35'! 1'8211 

26th December .. Young bolls .. .. .. 2'675 2'196 
Shed .. " 

.. .. 2'473 1'986 

9th January .. Young .. .. .. . . 2'632 1'016 
Shed .. " 

.. .. I'S74 1'300 

23rdJ~uary .. Young .. , .. 2'4S0 1'982 .. " Shed .. " 
.. " 1'731 1'234 

6th February .. Young 
" " 

.. .. 2'S91 1'987 
Shed .. .. .. . . 1'713 1'277 



TABLES FOR CHAPTER VI. 



502 

TABLE No, 202, 

Plant perJormanr£ with 3 acre-inchu oj water, given at vario1u deptM/rom 1M 
commenr£ment oj flowering. 

Dates of watering :-30.lO-26, 30-11-26 and 19·1.27. 

1926-27, 

(Average of 5 plants in each set,) 

At the depth of 

Organs, 

·1 1 
Control. 30 ems, 60 ems, I 90cms, 

BEFORE THE COlloDlENCElIENT OW THE TBBATKBNT. 

Vegetative buds .. " .. 108'4 02'2 82'2 94'6 

Flower, buds " .. " .. 46'8 38'2 29'6 46'76 

FINAL PEIlWORMANCB. 

.' - -
'vegetative buds' .. .. .. 294'0 400'4 442'8 671'7 

Flower, buds .. .. .. " 299'2 376'4 381'2 633'0 

Flowers .. " .. .. .. 79'8 90'4 87'2 168'6 

Bolls ., ,. .. -- .. 27'4 37'2 30'00 68'2 

Seed-cotton in gInS. .. .. .. 56'74 74'88 70'78 130'81 

PEll'centage success of :-

Bud to flower .. .. .. 26'6 24-0 22'8 31'8 

Flower to boll .. .. " 34-3 U'1 40'0 40'6 

Bud to boll .. .. ,. 9-1 9'8 9'1 12'8 
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TAlILlI: No. 203. 

Plant performance with 2 acre-incne8 of water, given at various depths from tke 
close of monsoon, 

Dates of watering :-18-10, 7-11, 3-12, 28-12-27, 11-1, 31-1 & 21-2-28, 

1927-28, 

(Average of 5 plants in each set,) 

At the dept,h of 

Organs, 
Control. 30 ('lIl5, 60 ems, 90 ems, 

BEFORE THE COMMENCEMENT OF THE TREATMENT. 

Vegetative buds 3S9'3 321'6 276'9 321'3 

Flower,buds llS'O lOS'3 94'0 

FINAL l'ERFORMANCJ:;, 

Vegetative burls ., " " 
ijijS'2 91I',! 777'2 81S'O 

Flower, buds .. .. " " 31S'O 46·1'2 342'U 365'ij 

Flowers .. .. " " 76'8 IS3'8 120'2 123'6 

Bolls .. .. .. .. 33'6 6S'4 SO'2 50'~ 

Seed,cotton in gms, .. .. .. \ 53'16 96'09 82'42 83'40 

Percentage success of :-

Bud to flower .. " .. 24'3 33'1 35'1 33'8 

Flower to boll .. .. .. 43'7 42'5 41'7 40'7 

Bud to boll .. .. .. 10',6 14'0 14'S 13'6 
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Plant performance with 2 acre-inches oJ waUr, given at vari0u8 depths Jrom the 
commencement oJ flowering. 

Dates of watering :-6-12-27, 26-12-27, 9-1-28, 30-1-28 and 20-2-28. 

1927-28. 

(Average of 5 plants in each set.) 

At the depth of 

Organs. I I I Control. SO erne. 60em •. 90 ema. 

... BEFORD THlt COMllilENCEIIDNT 01' THE TREATMENT • 

Vegetative buds .. .. .. 52S·Q 696·7 503·' 792·8 

Flower-buds .. .. .. . . 225·8 385·8 197·1 364" 

FINAL PERFORMANCE. 

Vegetative buds .. .. .. 556·8 774·6 575·0 921·8 

Flower-buds .. .. .. .. 234·S 424·S 232·5 461·4 

Flowers .. .. .. .. . . 64·6 108·0 63·0 12S·4 

Bolla .. .. .. .. . . 30·2 47·6 80·75 54.8 

Seed-cotton in gms. .. .. .. 40·58 65·33 "·40 S7.82 

-

Percentage success of :-

Buds to flower .. .. .. 27·0 25·4 27·1 27·S 

Flower to boll .. .. .. 46'7' 44·0 48·S 42·8 

Bud to boll .- .. .. 12·9 11'2 13·2 11'8 

-

.-



· TABLE No_ 205_ 

Plant perJormanu with, 2 acre-inche8 of water, given at vari0U8 depth8 from the 
mid8t of flowering_ 

Dates of watering :-26-12, 9-1, 30-1 and 20-2_ 

1927-28_ 

(Average of 5 plants in each set_) 

At the depth of 

Organs_ 
Control. 30 ems_ 60 ems_ 90 ems_ 

BEFORE THE COMMENCEMENT OF THE TREATMENT_ 

v egetative buds -- -- -- 538-6 712-2 827-0 947-2 
~ 

F lower-buds -- -- -- -- 230-2 351-2 400-6 625-7 

FINAL PER}'ORMANCE_ 

v egetativ6 buds -- -- -- 556-8 794-8 880-0 999-5 

Flower-buds -- -- -- -- 234-8 377-0 417-6 648-6 

Flowers -- -- -- -- -- 64-6 92-0 111-2 170-6 

Bolls -- -- -- -- -- 30-2 37-4 44-4 70-0 

Seed-cotton in gms_ -- -- -- 40-58 65-91 77-55 122-15 

Peroentage sucoess of :-

Buds to flower -- .. _. 27·5 24·4 26·6 26-3 

Flower to boll .. .. .- 46-7 40·6 39·9 41·0 

Bud to boll .. .. .- 12·9 9-9 10-6 10·7 
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TABLE No. 206. 

Plant per/M'mance with one acre-inch 0/ water, git'l!lI at vario1l.8 dept'hlJrom the 
close oJ the f1IO'n8OO11. 

Dates of watering :-15-10, 5-11, 26-11, 17-12-28,7.1,28.1, &; 18.2-29. 

1928·29. 

(Average of 5 plants in each set.) 

At the depth of 

Organs. 
Control. 30 CDl8. 60 CDI8. 90 CDI8. 

BEJ'OBB rJIB COIOIlUrCEIlElfT OJ' TIlB 'l"B1U"IlBlfT. 

Vegetative buds " .. " 163·2 163·0 195·' 138·2 

Flower.buds " " .. ", 67·4 67·8 83·8 68'8 

FIlf.u. PEBrOBIlANCJ:. 

Vegetative buds ., .. .. 402·8 429·2 639·2 382·' 

Flower-buds .. .. .. . . 349·4 339·8 372·2 297·4 

Flowers .. .. .. . . .. 62·8 71·4 92·' 65·' 

Bolls .. " .. .. .. 22·2 23·0 29·' 22·8 

Seed-cotton in gms. .. .. " 43·60 41·00 68'60 39'00 

Percentage success of :-

Bud to o.ower .. " .. 18·0 21·0 24·8 22·0 

Flower to boll .. " ." 35·3 32·2 31·8 34·9 

Bud to boll " " .. 6·4 6·8 "·9 ., . ., 
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TABLE No. 207. 

Plant perlorma1l,(:~ with one acre-inch 01 water, given at various depths Irom the 
commencement 01 flowering. 

Dates of wa.tering :-17-11-28, 8-12'-28, 29-12-28, 19-1-29, 9-2-29 and 2-3-29. 
1928-29. 

(Average of 5 plants in each set.) 

At the depth of 

Organs. 

I I-

I 
Control. 30 ems. 60 ems. I 90 ems. 

BEFORE THE COll4MENCEMENT OF THE TDEATlI4ENT. 

Vegetative buds .. .. .. 315·8 324-4 321·8 368·0 

Flower-buds .. .. .. . . 229·4 245·6 263·6 269-6 

FINAL PERFORMANCE. 

Vegetativo buds .. .. .. 402·8 417·8 429·0 479·8 

Flower-buds .. .. . . .. 349·4 322·6 360·0 342·2 

Flowers .. .. .. .. 62·8 68·0 75·4 81·4 

Bolls .. .. .. .. . .. 22·2 20·6 24·6 28·6 

Seed -cotton in gms. .. .. .. 43·6 37·10 

I 
45·00 54·10 

Percentage success of :--

Buds to flower .. .. .. 18·0 21·1 20·9 23·8 

Flower to boll .. .. '.' 35·3 30·0 I 32·6 35·1 

Bud to boll .. .. .. 6·4- 6'4 6·8 8'4 
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TABLE No, 208, 

Plant perJormance with 0716 acre.inch oJ water, given cd tJariOtll dept"'" 
Jrom the mirlBt oj flowering, 

-

nates of watering :-10.12,31..12,27·1, 11·2 and 4·3 

1928·29, 

(Average of 5 plants in each set,) 

At the depth of 

Organs, 

I I Control, 30 ems, 60 ems, I 90 ems, 

BEFORE THE COMMENCEMENT OJ' THE TREATMENT, 

Vegetative buds .. .. .. 377'9 320'4 3"'8 401'0 

Flower·buds " .. " " 300'9 , 243'8 306'6 328" 

.---

FINAL PERFORMANCE, 

Vegetative buds " .. .. 455'2 385'6 4.03'8 I 1102" 

Flower·buds " .. .. .. 386'7 288'0 354'2 I 401'0 

Flowers .. .. .. " .. 87'0 61'6 78'8 97'4 

Bolls .. .. .. .. .. 27'7 17'2 26'4 33'0 

Seed·cotton in gms, .. .. .. 46'87 27'liO 55'10 66'30 

Percentage Bucce~s of:-

Buds to flower '. .. .. 22'5 21'4 22'2 2'·3 

Flower to boll .. .. .. 31'8 27'9 33,5 83'9-

Bud to boll .. .. .. 7'2 .6'0 7'0 8'2 
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TABLE No. 209. 
Plant performance with 2 acre·inches of water, given at the depth of 45 ems. 

from mid·October. 

Organs produced. 

Vegetative buds .. 
Flower-buds .. .. 

Vegetative buds .. 
Flower-buds .. .. 
Flowers .. .. .. 
Bolls .. .. .. 

Percentage success of :-

Buds into flowers .. 
Flowers into bolls .-
Buds into bolls .. 

Seed·cotton in grammes 

Ratio 
Seed-cotton 
Plant body 

Due to 

Between treatments 

Within treatments 

Total 

.. 

.. 

.. 

.. 

. . 

.. 

.. 

.. 

.. 

Protected plants. 
1930·31. 

(Average of 9 plants.) 

_. 

.. 

" 

.. 

.. 

. . 

. . 

.. 

. . 

..I 

.. I 

Only tube as I 2 acre-inches_ 
control. 

Increase or 
decrease over 

cont I ro. 

PLANT GROWTH AT THE COMMENCEMENT Ol!' TREATMENT. 

201·9 199·9 -2'0 

196·2 191·8 -4·4 

FINAL PLANT PERl!'ORMANCE AT THE END Ol!' THE SEASON. 

265·3 294·9 -429'6 

311·6 308·1 -3·5 

nO'8 118'8 8·0 

46·0 55'8 9·8 

35·5 38·6 3'6 

41·5 47·0 5·5 

14·7 18·1 3·4 

62 79 16·7 

0·92 1-03 

ANALYSIS Ol!' VARIANCE l!'OR NUMBER Ol!' BOLLS. 

I Degrees of I Sum of IMean Square. I t log •. 
Freedom. squares. mean square. 

430·22 430-22 0·72954 

16 1975·56 123'47 0·10538 

17 2405-75 0·62416 

According to Fisher's table of Z for Dl=1 & n3=16, Z=0·7514 when P=0·05 
There is therefore no significant differew:e between treatments. 
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TABLE No. 210. 

Plant performc.nce with 2 acre·inches of tcater, given bi-weekly an 
small and equal doses at the deptr. of 4fj C11I8. 

Organs produced. 

Vegetative burls .. .. 
Flower-buds .. .. .. 

-

Vegetative bllds .. .. 
Flower·buds .. .. .. 
Flowers .. .. ., 

Bolls .. .. ., 

Percentage success of-

Buds into flowers .. .. 
Flowers into bolls .. .. 
Buds into bolls .. .. 

Weight in gl'aIDDleB of-

Seed-cotton .. .. .. 
Dry plant body .. .. 

Seed-cotton 
Ratio .. 

Plant body 

from 26-10-31 to 31-12-3l. 

Protected. plants. 

1931-32. 

(Average of 10 plantofl.) 

Only tubes. 2 acre.inches. 
lncreueor 

decreueover 
control. 

PLANT GBOWTH AT THill COIIKBNCBlIBNT or 'l'JlKA'l'M1UIT. 

. . 129 109 -20 

., 6~ 50 -13 

FINAL PLANT PEBrOBMANCIII AT 'l'BJ: END or '1'BJ: IEASOlf. 

.. 292·2 296·2 4·0 

. . 271·8 295·6 23·. 

. . 113'0 127'7 14·7 

.. 52·8 50·5 -2·3 

.. 41·6 43·2 1·6 

. . 46·7 39'5 -7·2 

.. 19·4 17·1 -2·3 
, 

.. 83·7 91·8 8·1 

.. 49·1 52·2 3·1 

.. 1·71 I 1·76 0·05 
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TABLE No. 211. 
Average number of vegetative ani flow3r-bud'l in treatm3nti; of application of water 

at the depth of 60 cm'J. from middle of October, in sm~ll and equal bi-weekly 
doses to make up the following quantities per month. 

1929-30. 
(Average of 10 plants in each set.) 

i acre.inch of water. I Control. I I acre -inch of water. 

Fortnight ending 
Vegetative I Flower- Ivegetative 1 Flower- Ivegetative , Flower-

buds. 'buds. buds. buds. buds. buds. 

2nd September •. .. 32·5 4·7 24·6 1·7 32·8 3·9 
16th September .. 59·8 22·9 41·8 13·2 63·9 20·5 

30th September .. 93·5 65·9 70·0 41·4 106·4 67·6 
14th Ootober .. .. lIO·3 98·3 84·6 72·5 lI8·3 108·5 

28th October .. .. 54·1 98·8 40'S 76·3 51·1 106·5 
11th November .. 36·1 116·5 34·3 85·0 53'0 138·5 

25th November .. 40·4 86·8 35·1 85·0 53·1 199·8 
9th December .. .. 20·0 62·4 19·7 52·7 27·0 60·8 

23rd December .. .. 17·0 34·6 12·9 20·4 19·6 26·8 
6th January .. .. 12·5 9·8 5·8 9·1 7·4 10-8 

20th January .. ., 1·4 1·0 0·1 .. 0·5 0·2 
-----

Total .. .. .. 477·6 601·7 369·7 457·3 533·1 663·9 

11 acre-inches of water., Control. 12 acre-inches of water. 

Fortnight E'nding 
Vegetative I Flower- Ivegetative I Flower· \vegetative I Flower. 

buds. buds. buds. buds. buds. buds. 

3rd Sept,ember .. .. 27·3 2·7 18·1 0·1 30·2 3·6 
17th September .. 48·5 14·9 36·0 7·8 49·9 20·1 

2nd Ootober .. .. 86·5 50·7 77·2 31· 7 100·1 61·9 
16th Ootober .. .. 96·3 78·8 74·1 59·6 100·2 88·9 

30th October .. .. 53·6 103·9 39·4 78·3 49·7 10R·6 
14th November .. 68·7 144·2 50·4 124·9 64·1 134·5 

28th November .. 67·9 122·2 31·3 72·3 64,·6 117·1 
12th December .. .. 41·2 69·2 17·6 45·0 31·1 71·6 

26t,h December •. .. 20·2 33·9 12·1 18·3 15·9 26·7 
9th January .. .. 9·4 6·8 4·0 2·8 7·3 6·3 

23rd January .. .. 0·2 0·2 0·5 .. 1·6 0·3 

.. j 
._---------

I Total .. .. 519·8 627'0 I 
360·7 440·8 514.7 639·6 

I 
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TABLE No. 212. 

Average number of flower8 opened in treatments oj application oj water at the depth 
of 60 ems. from middle of October, in 8maU and equal do8es to make 

up the following quantities of water per month. 

1929·30. 

- 1 acre· 1 acre· 11 acre· 2 acre· 
Weekending inch. of Control. inch of inches of Control. inches of 

water. water. water. water. 

6th October .. .. 0-5 _ . 0·2 0·1 .. 0·1 

13th Ootober -- -- 4-5 0-6 2-3 1-0 0·1 1-9 

20th October _. .. 3-5 1·0 2-7 1-3 -. 1·' 

27th October _. .- 2·2 1·1 3-0 0·9 0-6 1·0 

3rd November __ -- 2-5 2-1 I 1-7 0·9 0-9 1·2 

lOth November -- 1-8 I-I 1-5 0-8 1'0 0-7 

17th November -. 2·7 1-0 0-8 0-3 1·5 1-15 

24th November .• .. 2-0 1·2 1·1 1·0 1·4 1·1 

1st December _. .- 2·1 2·7 3-1 2·3 1-2 2-1 

8th December _. .. 3-9 3·6 7·2 5·6 4·3 0-6 

15th December _. -- g·9 5-7 14·5 12·2 8·2 9·1 

22nd December -- 11·2 10-3 18·0 18·3 14·6 12'0 

29th December __ .. 7-6 7-5 10-9 10-9 8-4 11·8 

5th January .. .. 12·1 12-3 19-9 20-2 14-3 20·11 

12th January -- -. 14·4 12-3 15-0 18-1 14·0 111·3 

19th January .. .. B·2 8·3 7-7 13·2 7·3 12-0 

6th January .. .. 5·7 5·1 3·8 5·9 3·0 7·6 2 

2nd February -- .. 1·5 0-6 0-6 2-8 0·6 2·9 

9th.February .. .. 0·6 .. 0·1 0·6 .. 0·4 

1 6th February .. .. 0·5 .. 0·1 0·1 .. 0·2 

----
otal .. _. .. 99-4 76-5 114·2 116·5 81·4 113·2 T 
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TABLE No. 213. 

Average number 01 vegetative and flo~er-buds in treatments 01 application 01 water 
at the depth 01 60 cms. Irom middle 01 October, water given bi-weekly ill 

small and equal doses to make up 1 and Z acre· inches per month. 

Fortnight ending 

2nd September .. .. 
16th September .. 
30th September .. 
14th October .. .. 
28th October .. .. 
11th Novembar .. 
25th November .. 
9th December .. .. 

!l3rd December .• .. 
6th January .. .. 

Total ., " ,. 

1930-3l. 
(Average of 10 plants in each set.) 

11 acre·in~h of W:lter. 

Ivegetative / Flower-
buds. buds. 

:J7· 7 5·6 
63·8 27·1 
60·4 57·8 
51·6 52·1 
61·0 105·5 
60·6 92·3 
41·4 69·6 
23·8 48·0 
9·5 14·0 .. 0·7 

409'8 472'7 

Control. 

I
vegetative I' 

buds. 

30'S 
51·1 
67·1 
59·6 
56·4 
43'0 
24'7 
14·3 
9·5 . . 

356·5 

Flower· 
buds. 

2·4 
20·2 
39·0 
71·5 
89·4 
44·3 
59·6 
23·7 
11·1 
0·2 

361·4 

TABLE No. 214. 

/2 acre.inches of water. 

Ivegetative I Flower. 
buds. buds. 

i 1 

33·7 
! 3'5 

50·4 16'5 
61·1 4:1·5 
58·6 74·2 
49·0 55·4 
51·1 41·1 
60·4 112·7 
23·6 44·2 
8·6 13'1! 
3·0 0·2 

399·5 405·1 

Average number oj flowers opened in treatments oj application of waler at the depth 
0160 cms. from middle oj October, water given bi-weekly in sllwll and equal 

doses to make up 1 and 2 acre-inches per month. 

Week ending 

19th October .. .. .. .. 
26th October ... .. .. .. 
2nd November .. .. .. 
9th November .. . , .. 

16th November .. .. .. 
23rd November .. .. .. 
30th November ,. .. .. 
7th December •• .. .. .. 

14th December .• .. .. ., 
21st December •• .. .. .. 
28th December .• . , .. .. 
4th January .. .. .. .. 

11th January .. .. . . .. 
18th January .. .. .. .. 
25th January .. .. .. .. 
Tot.al .. .. .. .. .. 

1930·31. 

1 acre.inch 
of water. 

1·3 
3·3 
1·6 
0·3 
0·5 
0·6 
2·2 
6·5 

13·7 
17·9 
25·1 
18·4 
14·1 
4·0 
0·4 

109·9 

. 

Control. 

0·3 
2·1 
2·5 
1·3 
0·7 
2·0 
4·5 

10'0 
12·5 
14·2 
17·1 
11·4 
7·7 
2·2 
0·1 

89·1 

2 acre·inches 
of water. 

0·4 
0·7 
2·1 
0·7 
0·9 
1·6 
3·9 
7·6 

11·6 
17·9 
21·1 
17·8 
18·0 
7·0 
1·2 

112·5 
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TABLE No. 215. 

Percentage 0/ total 11Wisture'in aeverallayers 0/ the BOil, expr6881d on oven~dry' basis, 
in the plot serving as control to plots irrigated with 1 anrlI acre-inch' 0/ water 

at a depth 0/2 /eet. 

Date of sampling. 

12th September .. .. .. 
"6th September .. .. .. 
11th October .. .. .. . . 
2 5th October .. .. .. .. 
8th November .. .. .. 

2 2nd November .. .. .. 
6th December .. .. . , .. 

2 4th December .• .. .. .. 
3rd January .. .. .. .. 

17th January .. .. .. . . 
3 1st January .. .. .. .. 

1929-30. 

22·5 to 45 45 to 67·5 
ems. ems. 

26·74 27·06 
26·42 27·06 

25·94 27·23 
24·07 26·26 

21·80 2"·37 
21·65 22·85 

I 21·07 22·10 
21·36 22·40 

20·92 21·65 
20·19 20·63 

20'JI 19'90 

TABLE No. 216. 

67 5 to 9 I 
Average for 

. o 22'5 to 90 ems. 
CIIUI. 

27·71 27·17 
27·88 27·12 

211·20 27·12 
27·39 25·91 

24·8" 23·67 
23·30 22·60 

23·15 . 22·10 
22·70 22·15 

21·65 21·41 
21·21 20·68 

20·77 20·3" 

Percentage 0/ tot'll nWisture in several la!Jers 0/ the soil, expressed on oven-dry 
basis, in the plot receiving water at therale 0/ 1 acre-inch per month at a 

depth 0/ 2/eet. 
1929-30. 

22·5 to 45 45 to 67·5 67·5 to 90 Average for 
Date of sampling. ems. ems. cms. 22·6 to 90 

cms. 

12th September .. .. .. .. .. .. 
26th September .. .. .. .. .. .. .. 
11th October .. .. .. .. 25·62 28·37 28·53 27·51) 
25th October .. .. .. .. 23·30 25·62 28·04 25·65 

8th November .. .. .. 22·10 23·30 25·16 23·52 
22nd Novem~r .. .. .. 22·10 23·61 23·91 23·21 

6th December •• .. .. .. 21·65 22·55 21·80 22·00 
24th December .• .. .. .. 20·63 20·92 21·80 21·12 

3rd January , .. .. .. . . 21·65 24·07 22·70 22·81 
17th January .. .. .. .. 20·05 21·65 22·10 21·27 

3ist January .. .. .. . . 22·10 25·16 23·00 23·42 
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TABLX No_ 217. 

Pert:m/agt oJ loIal moi&tur. i1l 8et"eNl1 layers 0' tAe Boil exnr ... --' ~ d 1. __ '_ 
• .1 l . . 'J. r- """"" w, ot"t7l· ry "'''"'' 
,,. "'It pot rec.tt'lng U'Okr at the rate oJ 2 acre-illches per mont" at • 

fJ depth oJ 60 cms_ 

1929·30. 

Date of aampling. 22-5 to.45 45 to 67- 5 6~-5 to 90 ! Average for 
ems_ ems_ ('ms. I 22-5 to 9V 

I ems_ 

l:!th September I 
26th September :: 'I 

11th October l. 24-S4 26-90 ~9-03 :!o'9:! 
25th Ot-tober 22-S5 ::!6'-I~ ::!';'';l :!J'dd 

8th ~o,-ember 

:: I 20-19 21-S0 ~b'4:! 22-80 
2:!nd. Xovemher 26-58 23-91 ::!S'St3 ::!O'W 

6th December •• 

--I 
22-85 27·55 26-90 :!J-SO 

24th Derember •. .- 21-65 27-SB :!9-03 :!tl-19 

3nI January 
'-1 23·15 27·71 2;"Otl 25·97 

17th January ._ I 22-85 26-58 2~-39 25-61 

31st J"anuary ·-1 29-20 30-3S 29-S7 29-S2 

TABLX No. 218. 

Pt'rt:eratag. oJ total moisture in 8etval layers 0/ the dOil, fIpre-Mfd on ot-e-n-dry ba8i8_ 
ill plot 8ef1,;lIg fJ8 c01Ilrol to plots irrigated u'ith 1 and 2 acre-inches of u-aier per llIonth_ 

Date of sampling. 

5th September •• 
30th September 

14th October 
28th October 

11th Xm.-t'mber 
25th XoVt'mber 

9th Deet-mber .• 
23nI Det't.'mber •• 

6th January 
20th January 

3rd February 
17th February 

! 
•• I 
.. i 

I 

1930-31. 

22-5 to 45 ~ms_ 45 to 67-5 cms_167-5 to 90 eJll3~ 

27-23 26-90 27-71 
26-,4 27-39 :!';·55 

22-10 24-68 27-06 
20-77 :2:2,55 24-S-I 

23-46 2~-O; 21-65 
20·19 22-10 23-000 

19-t1O 2tl-77 :!:!-:!S 

20-05 20-63 :!:!·:!5 

19-62 19·76 20-19 

18·76 19-90 19-H 

18·91 19-62 20-34 

18·62 18·62 20-05 
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TABLE No. 219. 

Percentage 01 total moisture in BeverallayerB 01 the Boil, expreBBed on oven.dry basi,. 
in the plot receiving water at the rate 011 acre·inch per month at a depth 01 2 led. 

1930,31. 

Date of sampling. ~ to 221 ems. 221 to 45 ems. 45 to 871 em •• 

5th September .. 27·39 27·39 27·08 
30th September 26·90 28·37 28·37 
14th October 25·18 24·88 25·94 

15th October Commencement of irrigation. 

25th October 23'00 24· 84- 25·31 
11th November 22'40 24·88 25·78 
25th November 21'07 22·40 23·81 
9th December ., 20·34 21·07 22·55 

23rd December .. 21·38 25·00 25·78 
8th January 20·19 24·84 24·37 

20th January 18'34 22·70 24·37 

26th January Irrigation stopped. 

3rd February 20·63 22·10 23·30 
17th February 11l·78 20·77 21·85 

TABLE No. 220. 

Percentage 01 total moi8ture in BeverallayerB 01 the Boil, expresBed on oven-dry baBi8, 
in plot receiving irrigation at 2 acre-inches per month at a depth 0160 Cm8. 

Dat.e of sampling. 

5th September 
30th September 
14th October 

15th October 

28th October 
11th November 
25th November 
9th Decemoor .. 

23rd Decembel' .. 
6th January 

20th January 

26th January 

3rd February 
17th February 

1930-31. 

5 to 221 ems. 

27·55 
26'90 
23·91 

221 to 45 ems. 

27·23 
27·23 
25·9t 

45 to 871 ems. 

27·23 
27·23 
26·58 

Commencement of irrigation. 

21·21 
25·78 
25·31 
27·39 
28·37 
26·10 
23·90 

23·46 
22·10 

26·42 
28·20 
29·20 
28'04 
28·86 
29·03 
28·53 

Irrigation stopped. 

26·90 
28·37 
29·37 
28·86 
29·37 
29·20 
28·04 

27·23 
24·03 
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TAl!LE No. 221. 

Perc.entage 0/ total '!'Ioisture in several layer~ ~/ the soil, expressed on oven-dry matter, 
m the plot servmg as control to plot recewmg water at 2 acre-inches per month. 

1931-32. 

I 
Date of sampling. 22! to 45 45 to 67! 57! to 90 I Average ior 

ems. ems. ems. 

I 
22. to 90 

ems. 

21st October 34·41 31·23 31·06 32·23 4th Noveml;ler 30·72 31·5S 30·3S 30·S9 

ISth November 25·62 26·72 27·06 26·47 
3rd Deoember .. 

17th December .. 22·25 22·85 24·6S 23·27 
30th December .. 23·30 22·70 23·30 23·10 

13th January 20·92 23·15 22·55 22·21 
27th Janllary 2'1·65 21· 51 22·-10 21· 85 

10th February 19·76 20·4S 21·65 20·63 
24th February 18·76 19·19 20·05 19·33 

9th March 15·47 18·48 16·9S 

TABLE No. 222. 

Percentage 0/ total moisture in several layers 0/ the soil, expressed on oven-dry maUer, 
in the plot receiving u·ater at 2 acre-inches per month. 

1931-32. 

45 to 67. 67! to 90 
Average for 

Date ofsampling. 22. to 45 22. to 90 
ems. ems. ems. ems. 

21st October 31·58 31·06 30·72 31·12 .. .. .- .. 
31·06 30·66 4th November •. .. .. . . 30·38 30·55 

29·87 29·70 29·87 29·81 18th November .. .. .. 
3rd December .. . . _. .. .. .. . . .. 

29·37 29·70 30·04 29·70 
17th December .. .. .. .. 

29·53 31·58 29·87 30·33 
30th December .. .. .. . . 

28·37 29·37 28·70 28·81 
13th January .. .. .. .. 

30·38 29·76 
27th January 29·20 29·70 .. .. .. .. 

27·23 26·5S 27·23 27·01 
10th February .. .. .. .. 

25·00 26·26 

I 
26· 74 26·00 

24th Febnlary .. .. .. 
::/ 25·00 24·84 24·53 24·79 

9th March . - .. .. 
--- -- - .k_. _ . _.' 
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TAlILX No. 223. 

Effect oJ the appliCation oJ nitrogen at 116 ZhB. pet' acre aB nitrata oJ."u, witA 'WGter 
" , at 3 acre· inches, Jrom the commencement oJ flowering. 

Dates of watering :-31.10.1926, 1·12·1926 and 27·1·1927. 

1926·27. 

(Average of 5 plants.) 

, , 

At the depth of At the depth of A& the depth 01 
30 ems. 60 CDI8. 90 ('IDS. ' 

Plant organs. 
Water as J Water and wateraslwaterand Water as I Water and 
control. nitrogen. control. nitrogen. control. iUtrogen. 

, " 

PERFORlIANCE BEFORE COJoDlENCEJIENT OJ' TJIlI TREATMENT. 

Vegetative buds ., 71·4 90·4 61·0 73·4 73-1i '68·2 

I 

Flower-buds .. .. 22'4 40·0 17·8 27·4 30·7 37·8 

FINAL PEBJ'OBKANCB. 

Vegetatiw buds .. 400·4 531·6 442·8 521·0 571·7 651'4 

Flower-buds .. .. 376·4 526·2 381·2 485·8 533·0 635·8 

F lowers .. .. .. 90·4 141'4 87·2 134·4 168·5 166·8 

B olls .. .. .. 37·2 58·2 35·0 49·2 68·2 59'4 

Seed-cotton in gms. .. 74·88 112·90 70·78 96·52 130·81 113·" 

p eroentage BUC~8 of-

Bud into flower .. 24·0 26·8 22·8 27·6 31·6 31·1 

Flower into boll .. 41·1 41·1 40·0 36·6 40·5 35·6 

Bud into boll .. 9·8 11·0 9·1 10·1 12·8 11·1 



TABLE No. -224. 

Effect 0/ the application 0/ 70 lbs. nitrogen as nitrate of 80da per iJcre Withu-ater at 
Z acre-inches Jrom the mid~ oj flowering. 

Dates of flowering :-28-12, H-I, 31-1 and 22-2-1928. 

1927-28. 

Plant orgallS. 

V egetatiV6 buds .. 

F lower·buds .. .. 

Vegetative buds .. 

Flower-buds .. .. 

Flowers .. .. .. 

Bolls .. .. .. 

Seed·cotton in gms. .. 

I 

Pel'06ntage SllCOO88 oI- I 
Bud to flower .. 
Flower to boll .. 

-Bud to boll .. 

(Average of 5 plants.) 

At the depth of 
30 ems. 

'Vater as Iwater and 
coatrol. nitrogen. 

At the depth of 
60 CIIl>!. 

At the depth of 
90 ems. 

Water as Iwater 8nd I '''ater as /"-ater 8nd 
control. nitrogen. i control. nitrogen. 

PEBFOBlLL'lCB BEFORE THE COlUlENCElIENT 0,. TIlE T&EATXEST. 

I , 
712·2 816'0 827'0 696'4 

351·2 431·6 400·6 343'8 , . .. 

FINAL PERI'OR)[+-"CE. 

I ! I 
794·8 903·4 880'0 , 835'8 .. .. 

377'0 473·6 -&17·6 -&:!6'8 .. .. 

92·0 U5·8 111 ·2 151· 6 .. " 

37·4 78·6 44·4 78·6 .. .. 

65·91 117·62 77. 75 1 122·28 .. .. 

I 
24·4 30·7 26·6 35·5 I .. .. 

40·6 53·9 39·9 51·g .. .. 

16·5 10·6 18·4 .. I .. 9·9 

I 



TABLE No. 225. 

Effect oj the application -oj 70 lbs. nitrogen per acre as nitrate oj BOda with tDfIter 
at 1 acre-inch. 

Dates of watering :-10·12, 31.12, 21·1, 11·2 and 4·3. 

1928·29. 

(Average of 5 plants.) 

At the depth of At the depth of At the depth of 
30 ems. 60 ems. 90 erne. 

Plant organs. 
Water ae Iwater and Water ae jwater and Water ae I Water and 
control. nitrogen. control. nitrogen. cont.rol. nitrogen. 

, 

PERFORMANCE BEFORE THE COll!MENCEMENT OF THE TREATMENT. 

Vegetative buds .. 320·4 232·2 347·8 217·4 401·0 267·2 

Flower-buds .. .. 243'8 133·4 306'6 140'6 328·4 198·2 

FINAL PERFORMANCE. 

~ 
Vegetative bUM .. 385·6 636'0 403·8 622·8 502·8 823·2 

Flower-buds .. .. 288'0 304·4 354·2 275·4 401·0 371·8 

Flowers .. .. .. 61·6 50·2 78'8 45·4 97·4 93·0 

Bolls .. .. .. 17·2 18'0 26·4 16·2 33·0 41·8 

Seed-cotton in gramm~s;· 27·50 16·90 55·10 20'80 66·30 71·10 

Percentage success of-

Bud to fiowllr .. 21·4 16·5 22·2 16·5 24·3 25·0 

Flower to boll .. 27·9 34·8 33·5 35·7 33·' 45·' 

Bud to boll .. 6·0 5·9 7·5 5·9 8·2 11·' 
I 
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TABLE No, 226. 

Effect oJ th~ application oj 40, 60, 80, and 100 Zhs. oj nitrogen per acre' With 

2 ac re"inchesoJ water per month at the depth oj 60 C1n8. Jrom the middle oj 
October in small and equal doses, twice a week. (30 MSM.) 

Plant, organs. 

-

, ' ,. .. 

egetative buds V 

F lower·buds .. 

Vegetative buds 

Flower·buds .. 
Flowers .. .. 
Bolls .. .. 
Seed.ootton in gm,. 

' .. 
.. 

.. 

.. ' 
' .. 
. . 
.. 

Dry. plant body in gm~.' 

Ratio Seed·ootton 
, Plant body 

' .. 

Percentage success or-

Bud to flower .,." 
Flower to boll 

Bud to boll .. .. , .' 

66 

1929-30. 

(Average of 10 plants in each set.) 

2 acre.inches of water with 

Control. I 40 lbs. N. I 60 Ibs. N. I 80 Ibs. N. I 100 lb •. N. 

PERFORMANOE BEFORE THE COMMENOEMENT OF THE TREATMENT • 

180·2 ,206·9 206·2 228·6 298·() 

85·6 96·4 88·6 81·8 188·9 

FINAL PERFORMANOE. 

514·7 813·5 872·9 906·1 . 1188'.4 

693·6 1042·2 988·3 1011·5 1473·9 

113·2 233·5 235·0 269·7 344'S 

42·6 82·3 78·8 87·5 113·3 

82·4 176·0 I 173·7 192·1 254·9 

87·6 158·9 159·7 168·3 254·8 

0·94 1·11 1·09 l·a 1·00 

17·7 22·u 23·8 26·7 23" 

35·2 33·5 32'" 32·8 
37·6 

7·9 8·0 8·6 7·7 
6·7 
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TABLE No. 227. 

EJJect 0/ the appliealion 0/ 40, . an4 100 Zhs. 0/ ",itrogd'" per ac'~ with 2 acre·inches 
0/ water per month at the depth 0/ 60 CmB. from the middle oJ OctobM' 

in small and equal doses, twice tJ week. (30 doseB.) 

1930-31. 

(Average of 10 plants in each set.) 

2 acre-inohes of water with 

Plant organs. 

I t 
Control. 40 Ibs. N lOOlbs.N 

PERFORMANCE BEHOBE THE COMMENCEMENT OW 
1'KlI: TlIE.t.l'MENT. 

Vllset&tive buds .. .. .. 203·8 175·9 224·3 

Flower-buds .. ., .. .. b7'7 97'8 153·0 

-
FINAL PERFORMANCE. 

V dg\tt&tive buds . . .. .. 3!J9'o 56g·4 75H' 

Flowt't-buds " .. .. .. 405·1 598·8 701·0 

FlowenJ .. .. .. .. 112·5 188·0 254·9 

Bolls .. .. .. .. .. 42·3 63·0 82·6 

Ssed-cotton in gms. .. .. .. 83·4 142'8 11)7·1 
" 

Dty plant body in gm.'l. .. .. 85·8 113·8 172',3 

Ratio .Seed-cotton 
Plant body 

.. .. .. 0·97 1'26 1·14 

< , 

Percentage So.ooess of-

Bud to flower .. .. .. 27·8 31·4 38·4 

Flower to boll .. .. .. 37·6 33·5 32·4 

Bud to boll .. .. .. .. 10·' 10·5 11·8 

~ 



623 

TABLE No. 228. 

EffEct of the application of 40 and 100 lb8. of nitrogen per acre with 2 acre·inches oJ 
water per month at the depth of 60 ems. from 30th October, 1931, in 30 

small and eqWJl bi·weekly doses. 

1931·32. 

(Average performance of Unprotected plants.) 

Plant organs. 

egetative buds V 

F lower.buds 

v e8etative buds 

Flowef·buds 

Flowers 

Bolls .. 

.. 

.. 

.. 

.. 
Seet\.cotton in gmlJ. 

Dry pillollt body 

R t' Seed·cotton 
a 10 Plant body 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

Percentage success of~ 

Bull to flower .. 
i'lower to boll .. 
Bull to boll .. .. 

s- o 
_ !E - . z. __ 

.. .. 

.. . . 

.. .. 

.. .. 

.. .. 

.. .. 

.. . . 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 
-

Water as 
control. I 

Water and 40 I Water and 100 
lbs. nitrogen. lbs. nitrogen. 

PERFORMANCE BEFORE THE COMMENCEMENT 
OJ'THE TREATMENT. 

157·7 I 
149·7 205·4 

57"1, 53·9 109·8 

I 
FINAL PERFORMANCE. 

433·9 704·3 908·0 

284·2 505·7 725·4 

89·1 184·3 243·0 

40·8 77·2 95·9 

81·0 160·3 199·5 

51·1 84·5 154·2 

1·59 1·87 

I 
1·29 

31·4 36·4 33·6 

45·7 41·9 39·6 

14·4 15·3 13·2 

-- ~ -
.. E - - -- -

-
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TABLE No. 229. 

Effect oj tM application oj 40 Ib8. oj nitrogen pet' acre with 2 acre·inchu oj water per 
, - . month at th~ depth oj 45 CmB. in 20 811IIJ1l and equal dosu Jrom middle . 

oj Octobet' in 1930·31 and Jrom 26th October in 1931.32. 

(Average performance of Protected plants; average of 9 plants in each set in 1930.31 
and of 20 in 1931.32.) 

Plant organs 

Vegetative buds .. .. .. 
Flower.buds .. .. " .. 

Vegetative buds .. .. .. 
Flower·buds .. .. .. .. 
Flowers .. .. .. .. 
Bolls .. .. .. .. 
Weight of seed·cotton in gms. .. 
Dry plant body .. .. .. 
Ratio Seed·cotton 

Dry plant body .. .. .. 

Percentage success of :-

Bud to flower .. .. .. 
Flower to boll .. .. .. 
Bud to boll .. .. .. .. 

1930-31. I 1931-32. 

Water as I Water with I Water as I Water with 
control. nitrogen. control. nitrogen. 

PEBFOBJlAXCB BEFORE !l'BB COJoDlEXCBJlEXT OF 
!l'BB TBEATlIEXT . 

199·? 180·7 109·0 124·7 

191·8 187·2 50·4 65·1 

FINAL PERFOBJlAXCB. 

294·9 444'4 296·2 . 580·7 

308·1 510·6 295·6 704·5 

118·8 230'0 127·7 311·0 

55·8 96-3 50·5' 109·7 

78·7 190'9 91·8 222·0 

76·6 108'2 52·2 418,2 

1·03 1'76 1·76 1'50 

, 

38·6 45·0 43·2 44·1 

47·0 41·9 39·5 35·3 

18·1 18·9 17·1 15'8 
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TABLE No. 230 . 

. Weekly total prod'lldion. in five planta of vegetative buds and flower.buds and the 
r~ive 8'UCCeS8 of flower. buds into flowers in experiments of nitroflen 

application with 2 acre· inches of water per month. 

(Protected plants. Spacing 3' X 9*.) 

1930·3l. 

25 Ibs. N. for one month. I Only tubes. 
\ 50 lb •. N. tor 2 monthB. 

Week endlnll 

) 1 lRe~1 I I I Rela·I I I IRela 

• 
. Vego- Flower Rela- tive Ve.ge. Flower R~la. tive Ve.Re· FI er R.el.· tive 
tatlve buds tlve Sue· tatlve buds tlV. IUC· tatlVe b 0:i. h ve BUC' 
buds. . flowers cess. buds. . flower. cess. buds. u . flow... CIlIlI. 

% % % 
i 

6th September .. .. 66 .. ., 
" 67 1 .. .. 75 3 .. .. 

12th September .. .. 16 7 . . " 24 9 3 33' 3 41 16 '1 6'2 

19th SeptemblQ' .' 24 14 9 64'3 19 10 9 900 36 21 13 61·9 .. .. 
26th September .. .. 25 19 18 94'7 25 25 23 920 27 35 26 74·3 

Sr4 October .. .. 12 28 15 53'6 26 28 24 85'7 25 39 28 71'8 
10th October ,. .. 17 38 6 15'8 23 38 12 31'6 29 63 10 18'8 

17th October .. , . 21 47 .. . , 17 39 .. .. 19 56 .. .. 
24th October .. .. 41 73 4 5'6 15 27 4 14'8 38 73 5 11'8 

31st October .. .. 94 135 70 51'8 19 17 5 29'4 121 IS3 61 60-j 

7th November .. .. 124 150 103 68'7 25 23 10 43'5 195 147 90 111'2 

14th November .. .. 83 108 69 63·9 34 17 6 29'4 163 162 101 1I1I'S 

2lat November .. .. 86 144 53 36'8 12 14 .. .. 107 178 93 52'2 

7'0 7 1 .. 111 151 71 &0·9 28th November .. .. 32 86 6 .. 
2 2 .. 109 160 19 12·7 5th December .. .. 19 28 .. .. .. 

.. .. 29 86 .. .. 12th December .. .. 5 13 .. .. .. 

.. .. .. 29 76 .. .. 19th Decemher .. .. 2 .. .. .. .. 
ZGth Deceinber .. .. 3 13 .. .. .. .. .. .. .. .. .. .. 

.. .. .. 1 .. .. 2114 laD.tWy .. .. .. .. .. .. .. .. 

l .. .. .. .. .. .. 9thlanuar:v .. .. ., .. .. .. .. .. 
-

Average per plant .. .. 1133.,1178'0 170 '11 1 39'61 63 '0 150 '21 10'0 I 87'8 229" \278'11 \1011'0 t18
'
0 
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TABLE No. 230-contd. 

Weekly total proatlctic)fI. in jive plantB 0/ vegetative budB and flower·bull and the 
relative ,ucCeBB 0/ flower-buda into flower. in experiment' o/n,'rogen 

application with 2 acre-inches 0/ water per month. 

<frotected pla.nts. SPlIocing 3' X 9-.) 

1930-31. 

7p lb,. N. for 8 montbJ, I Onlytubell. I 100 1bI. If. for 4 montbJ. 

Week endios 
vege-IFlower! ~ela'\ReJ&tlVe \ vege-\Flower! Rel .. \Relatlve I Vege-IFiowerl ReJ.-IRelatIYe tatlv. bU1/.8 tive .ucceea. tatlve bud4 tlve _"I. tattv_ bud4 tlve .uc ..... 
bud4. • fI\lwera % buliS.· • fI!lWeri % bud4 • flowers % 

5th l!eptember " 67 1 " " 67
1 " " " 81 " " .. 

2th September " 24 9 2 22'2 24 5 1 20'0 25 6 J, 10" 

18th September " 26 iI 6 75,0 23 Q ., 68,8 111 7 II 'G'7 

U'" september " 38 29 ~9 65'5 8~ 22 15 68'2 82 20 17 05" 

3r4 Qctober I 27 42 20 47,0 26 30 18 110,0 20 47 20 .. " " 

lOth 9ctober " 28 a5 " " 20 31 Q 211,0 17 81 .. .. 
17th October " 20 88 " " 26 S. " " 13 88 .. .. 
1!4th 9ctober " 51 93 4, 4,8 20 40 " .. 82 115 a ,,' 
,~et 9ctober .. 123 1411 60 42,0 18 25 Q 86,0 103 105 1i8 53'8 

7t4 ~ovember " 177 146 89 61,0 23 2l 13 81'9 1" 123 75 111'0 

utb Novelllber .. 144 217 120 55,3 27 34 Q 26'5 l24 187 lOp 112'9 

:U.t November .. 141 206 118 57,3 21 • 1 11'1 102 168 106 ON 

~Hth ~o,!,ember .. 161 209 108 51,7 10 9 1 11·1 l20 162 . 89 5'" 

5tb :pecember .. 142 236 104 44,1 3 , 
" " 123 181 51i 30" 

12th December " 06 165 34 21,9 3 .. " " 75 94 111 17'0 

18th :pecember .. 82 138 12 8,7 1 " " " 45 81 n 1;1'0 

26th Deeember -" 46 99 1 1'0 1 .. " " 43 70 J I" 

2nd January .. 14 21 .. " .. " " " 7 10 " .. 
9th January " S 1 .. " " " .. .. .. " .. .. 

L 

Average per plant .. 1276'01365'21139'41 3S'2 I OS'6/U" rill" 30'2 I~H 12711'~ /liU I 40', 

-' .. - - - -. 
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TABLE No. 231. 

Weekly total flower.opening and ita relative boll·success on five plants treated with 
nitrogen with 2 acre· inches of water per tru:mth. 

Week ending 

9th Octobtlr 

2 6th Ootober 

2nd November 

9th November 

!! 

3 

2 

2 

6th November 

3rd November 

Oth November 

7th Deoember 

4th Deoember 

1st Deoember 

8th December 

4th January 

11th January 

18th January 

25th January 

1st February 

I 
I 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

(Protected plants. Spacing 3' X 9".) 

1930-31. 

25 lbe. N. for 1 month. I Only tubes. 

f .. . I 

vi .. .. 
~ :> • .e: :2 > .; ; '$:! j ~~ -~ ., 

:ig~ .!8~ .s .!o Glo ,," "J:> .. =' p::;J:> p::;~ r;.., p::; p::;", r;.., 

I 

2 1 50·0 6 2 33-3 

24 .. .. 26 4 15-4 

18 .. .. 30 7 23·3 

3 2 66·7 I) 6 66·7 

.. . , .. .. .. " 

.. .. .. .. .. .. 

10 7 iv·iJ 2 2 100'0 

61 40 65·6 8 5 62·5 

69 31 44·9 10 3 30-0 

73 1 1·4 3 1 33·3 

1 .. 63 .. .. ., 

.. 28 . , .. ., .. 

2 ., ., . , .. .. 
.. .. .. " .. .. 

.. .. .. .. . , .. 

I 
.. .. .. .. . , .. 

I 

150 lbs. N. for 2 months. 

ri 
; 
.9 
r;.., 

1 

35 

38 

4 

.. 
2 

11 

42 

80 

77 

82 

73 

67 

18 

" 

" 

" > • 
~~ 
<iJ:> 
p::; 

.. 
-. 

3 

1 

.. 
2 

8 

35 

35 

17 

7 

7 

6 

2 

., 

., 

I" . > ., 
-.= 1l 

I ~ ~ 

.. 

.. 
7· 

25· 

100-

72· 

83-

43· 

22· 

8· 

9· 

o 

o 

7 

3 

8 

5 

6 

9· o 
·1 11 

.---

Average per plant. I 70·6 1 16'4 123'2 119'0 I 6·0 1
31

'6 1
106

'0 1
246 

1
23

'2 
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TABLE No, 231~ontintud. 

JY eel:1y Iotill jlower-opening and iIB relatiV8 boU-8IlCUU 0" fi~ planl8 1reaU4 
with nitrogen with 2 acre-inch", oJ water per month. 

Week ending 

19th October .. 
26th October .. 
2nd November .. 

9th November .. 
16th November .. 
23rd November .. 

0 

30th November .-
7th December --

14ih December --

21st December --
28th December --

4th January --

11th January .. 
18th January .-

25th ;January .. 
1st February .. 

(Protected plants. Spacing 3' X 9".) 

1930-31. 

751ba. N. for 3 montha.1 Only tubee. 

i ... ... . e !:! 
. . :- .:: ! ~I~ ; ~:! ; .!o ,ig~ 

..9 ~ i.8 _ 0° 
~,g ... ::s "'::s ~ 11;. 11;. 

1 .. .. 1 1 100·0 

19 .. .. 19 6 31,6 

25 .. .. 19 , 21·1 

1 .. .. 10 9 90·0 

.. .. .. .. .. .. 

.. .. -. 1 1 100·0 

12 6 50-0 I 1 100-0 

46 27 68-7 7 6 71-' 
73 36 49-3 11 6 '6·5 

82 34 U-5 7 1 14·3 

101 40 39-6 6 .. .. 
89 27 30-3 .. .. .. 

101 16 16·8 .. .. .. 
83 1 1-2 .. .. .. 
(7 .. .. .. .. .. 
17 .. '0 .. .. .. 

/1001be. N. fo;' mon~. 

l!! 1.s = . ; ] lo~ ,i-
0 ~..8 ~i fi4 

.. ... 
.. 

20 ,~ . .'. 
23 .. 
.. . .. . . 
.. .0 .. 
.. .. .. 
, 3 75-0 

46 ~O 66-2 

79 .2 63-2 

63 22 3H~ 

93 23 24-7 

70 19 27·1 

72 20 27-8 

62 , 7·7 

3' 1 2·9 

Ii .. .. 

Averageper plant.1139-4 137'6 127'0 116" I 6·6 1 40'2 1112-2132-8 129-2 
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TABLE No. 232. 

Percentage moisture in several byers oj the BOil in tl.e plot manured will. 40 lb if 
nitrogen /1M irrigated with 2 acre-inchea oj water at the depth oj 60 cma. s. 0 

1929-30. 

(Expressed on oven-dry ba.sis.) 

Date of sampling. I 22'5 to 45 45 to 67·5 67'0 to 90 Average for 
cms. cms. cms. 22·5 to 90 

ems. 

12th September .. .. .. 26·10 28'04 29·87 I 28'00 
26th September .. .. .. 24'68 28·20 2M·37 27'08 
11th October .. .. .. 24'22 26'58 26·7-& 25'85 

2.3th October .. .. .. .. 22'70 26·58 

I 
27·88 25· 72 

8th November .• .. .. .. 21·36 23·61 24-22 23·06 
22nd November .. .. .. 22'25 2:;'31 25·00 24'19 

6th December •• .. .. .. 21'01 23'00 I 24·22 22'91 
24th December .• .. .. .. 20'02 21·95 21·80 21'56 
3rd January .. .. .. .. 21·62 22·10 22·85 22·15 

17th January .. .. . . " 20·92 22·10 21,'51 21'51 
31st January .. " .. .. 21·36 21·36 22·55 21·76. 

TABLE No. 233. 

Percentage moisture in several layers oj the soil in the plot serving as control to toose 
manured with 40 and 60 lhs. oj nitrogen and irrigated with 2 acre-inches oj 

water per month at the depth oj 60 em,. 

1929-30. 

(Expressed on oven-dry basis.) 

I 
45to67'5 

I 
67·5 to 90 

I Avera!18 for 
22·5 to 45 

I 
I 22·5 to 90 Date of aamplill~. cm •. ems. cm~. cnlll. 

I --

12th September ., .. .. .. .. .. .. I 26th September .. .. .. .. .. .. .. 
26·74 26·51l 26·05 11th October .. .. .. . . 24·84 

25th October 24·84 27·39 26·10 26· tl .. .. .. .. 
24·07 22·71 

8th November 21·07 23·00 .. .. . . 
23· 76 24·07 23·36 

22nd November •• .. .. .. 22·25 

I 20·41l 21·65 2::·55 21·56 
6th December .• .. .. .. 

21·36 22·70 21·47 
24th December .• 2(1,34 .. .. .. 

2(1·112 21·07 21·80 21'26 
3rd January .. .. .. .. 

21·07 20·92 21·36 21·12 
17th January .. .. .. .. 

21·07 21·65 22·25 21·66 
31st January .. .. .. . . 

J 

67 
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TABLE No. 234 . 

. Percentage moiature in 8ever.:sZlayer8 oJ the 80il in the plot manured with 60 Zha. oJ . 
nitrogen ana i"igated with 2 acre-inches oJ water at the 'depth oJ 60 cm.t. 

1929-30: 

(Expressed on oven-dry basis.) 

Date of .sampling. 22·5 to 45 45 to 67'5 67'0 to 90 Average for 
ems. ems. ems. 22'0 to 90 

ems. 

.. 

I 12t!) September .. .. .. .. .. .. 
26th September .. .. ... .. .. .. . . 
11th Ootober .. .. .. .. 24·84 ·27·06· . 27·71 26·5' 

25th Ootober .. .. .. .. 25·53 ·25·94 27·55 26·34 
8th November .. .. .. 21·36 ·23·00 24'07 22'81 

22ndNovember .. .. .. 22·70 25·16 24·84 24'23 

6th December •• : . .. .. .. 22·10 ·23·76 23·76 23·21 
24th December .• .. .. .. 21'07 21·36 23·61 22·01 
3rd ·January .. .. . . .. 21·95 ·23'00 23·46 22·80 

17th :J anuary .. . . . . .. 20·77 20·93 21·51 21'07 
31st January .. .. .. . . 21'80 22·55 23·61 22·65 

.. -

TABLE No. 235. 

Percentage moisture in severallayer8 of thg soil.in tlAg plot m'lnared with 80 lhB. oJ 
nitrogen and i"igated wit~ 2 acre-inches oJ water per month at the depth oJ 60 cmB. 

1929-30. 

(ExpreBS~d on ov~n-dry basis.) 

, . .. 
22'1$ to 45 45 to 67'0 67'oto90 Average for 

. Date of s'!'lI?-pling. . 
ems; .: , !2·5 to 90 cm'!'-. ems. ems. 

"--.. . .. .. . 

12th September .. .. .. 28·30 28·53 28'87 28'60 
26th September .. .. .. 26·26 27·06 28·20 27·U 
11th OotobJr .. .. .. .. 26·26 26·90 ;Z8'0~ 27'07 

25th Ootobsr . . . .. .. .. 23·61 26·26 26·26 25·38 
8th November •. .. .. .. 25'53 27·55 25·78 26·29 

22ud November .. .. " 25·00 25·94 27·55 26·16 

6th Dacember .• .. .. .. 24·68 27·55 25·46 25·90 
24th Dacember .• .. .. .. 22·10 23·15 23·91' 23·05 
3rd January .. .. .. .. 22·55 25·62 25·62 .24·60 

17th January .. .. .. . . 22·40 24·37 24·07 23·61 
31st 'January .. .. 20·63 ~;l' 65 22·70 .. 21·66.·· .. 
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TAlU,F.No. 23G. 

Percen.tage· moi8ture . in 8et·eral. layer8 of tile 80il in the plot control to plota manured 
With 80 and. 100 lba. of mtrogen per acre and irrigated u>ith 2 acre-inches 0/ 

water per month at the depth of 60 cm8. 

Date of sampling. 

12th 'September .. 
26th September .. 
11th October .. .. 
25th October .. .. 
8th November .. .. 

22nd November .. 
6th December .. .. 

24th December .• .. 
3rd .January .. .. 

17th Jaliuary .. .. 
31st January .. .. 

' .... 

1929-30. 

(Expressed on oven-dry hasis.) 

.. .. .. " .. .. 

.. .. 

.. .. .. .. 

.. .. .. .. 

.. ., 

.. .. . . .. 

22· 5 to 45 
ems. 

29·53 
26·58 
27·55 

23·91 
22·10 
23·15 

21· SO 
22·40 
22·25 

22·)0 
20·92 

, 

45 to 67· 5 
ems. 

28·53 
27·06 
27'71 

20'62 
24·07 
23'76 

22·10 
22·85 
22'80 

22·25 
22·25 

TABLE No. 237. 

67·5 to 90 
ems. 

29·37 
27·39 
27·71 

28·20 
25·53 
25·00 

22'05 
25·53 
24·1)7' 

23·61 
22·55 

Average of 
22·5 to 90 

ems. 

-29'U 
27'01 
27·66 

20'.91 
23·90 
23'97 

22,15 
23"59 

-23:-06 

22·60 
21·91 

Percentage moisture in several layers of the soil in the plot manured with 100 Zha. 
of nitrogen per acre and irrigated with 2 acre-inches of water per month 

at the depth of 60 cms. 

1929-30. 

(ExprE'ssed on oven-dry basis.) 

22·5 to 45 45 to 67·5 67'0 to 90 
Average of 
22·5 to 90 Date of sampling. ems. ('IDS. ems. ems. 

12th September .. I .. .. .. .. .. .. 
26th September .. .. 

I 
.- .. .. .. .. 

27·55 20·80 11th October 23·91 25·9-1 .. .. .. ., 

25th October 23·91 25·94 27·71 25·85 .. .. . . .. 
23·61 24·07 23·26 

8th November .• 22·10 .. .. ., 
25·00 24·37 24·17 

22nd November .. .. .. 23· IS 

23·15 23'15 24·07 23·46 
6th December •• .. .. .. 

27·23 23·15 24·07 24·82 
24th December •• .. .. .. 

22·17 23·46 25·78 23·80 
3rd January .. .. . . ., 

22·40 23·15 23·30 22·95 
17th January .. .. .. ., 

22·10 23'00 23·00 22·70 
31st January .. " .. ., 

j 



632 

TABLE No. 23R. 

Percentage moi8ture in 8et'erallayer8 0/ the soil, expre88ed on Ot'en-drg bas~, in 
plot receiving *40 Ib8. 0/ nitrogen plus water at 2 acre-incM8 per month 

at a depth 0/ 60 emB. 
1930-31. 

Date of sampling. 22· 5 to 45 
ems. 

45 to 67·5 
ems. 

67·5 to 90 
ems. 

Average of 
22·6 to 90 

ems. 
_________________________ L-______ ~ _________ _' _______ ~ ______ _ 

4th Septemer 
Is~ October 

16th October 

2mh October .. 
12th November ~ .. 
26th November ~ i 
10th December ~ ~ 
24th December .. 

7th January ~ •. 
21st January . 

4th February .• 
18th February •• 

29·03 
28'70 

21'51 
23·91 
22·40 
23·91 
22·25 
23·46 
21·51 

20-63 
19'19, 

28·04 
27·55 

26·46 
27·39 
28·70 
28·04 
27·88 
26·10 
21·65 

21·36 
20·63 

28·86 
29·70 

27·06 
28·70 
27·66 
27·71 
27·66 
26·26 
22·25 

22·10 
21·21 

28·M 
28·65 

24·67 
26·66 
26'21 
26·55 
25·56 
25·27 
21·80 

21·36 
20·34 

• The manure (sulphate of ammonia) WGS given with water in 30 equal doses, twice e!ery week 
from 15th October to 26th January. 

TABLE No. 239. 

Percentage moisture in 8everallayer8 0/ the 8oil, expres8ed on oven-dry bas~, in plot 
8erving as control to plots receiving 40 and 100 lb8. 0/ nitrogen u~th water. 

1930-31. 

22·5 to 45 45 to 67·5 67·5 to 90 
Average of 

Date of sampling. 22·5 to 90 ems. ems. ems. ems. 

4th September .. .. .. 28·20 27·88 28·53 28·20 
Is~ October .. .. .. .. 30·38 29·27 29·70 29·82 

15th October .. .. .. .. .. . . .. .. 
29th October .. .. .. .. 20·92 22·85 23·91 22·56 
12th November .. .. .. 22·40 23·15 25·00 23·51 
26th November .. .. .. 21·80 21·95 22·40 22·05 
10th December .• .. .. .. 21·21 21·07 22·55 21·61 
24th December .• .. .. .. 20·63 21·80 22·40 21·61 

7th January .. .. .. .. 20·77 21·07 21·95 21·60 
21st January .. .. .. .. 20·34 20·77 21·95 21·02 

4th February .. .. .. . . 19·19 19·33 20·63 19·72 
18th February .. .. .. .. 18·62 19·33 20·19 19·38 

This plo~ received no manure and no water. 
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TABLE No. 240. 
Percentage· moi8ture in 8et·era.' layerB 0' Ihe soil ex ..... e88ed d 6 . . .. *100 16 " . 'J, r' on Ot'en· ry U818 In plol 
recewmg B.O" mirogen pluB 1mier at 2 acre·inche8 per month a·1 a depth ~J:! Jeet. 

1930-31. 

Date of sampling. 22·5 to 45 45 to 67·5 67'5 to 90 Average of 
ems, ems. ems. 22·5 to 90 

ems. 

4th September " .. .. 26·10 27·88 27·71 

I 
27·23 1st October .. .. . . .. 29'87 28·53 29·70 29·37 

15th October ., .. " .. .. .. .. .. 
29th October .. .. . . .. 22·70 26·90 26·26 25·2S 

12th November .. .. .. 24·07 29·37 28·86 27·43 
26th November .. .. .. 21·95 26·58 26·58 25·04 

10th December .• .. .. .. 21·95 23·76 I 24·07 I 23·26 
24th Deoember .. .. .. .. 22·25 23·00 I 24·22 23·16 

7th January ., .. .. .. 20·77 21·95 i 23·76 

I 
22·16 I 

21st January .. .. .. 20·48 20·48 I 21·80 20·!!:! 
! 

4th February .. .. .. . . 19·47 19·76 i 21·51 

I 
20·25 

18th February ., .. .. .. 19·76 19·05 20·19 19·67 
1\ 

.The manure was given .with water in 30 equal doses, two doses every week from 15th 
October to 26th January. 

TABLE No. 241. 
Percentage moi8ture in 8everal layer8 of the sail, expres8ed on O'Ven-dry basis, in plot 

serving as control to plots receiving 40 and 100 l6s. of nitrogen with u!ater 
at 2 acre· inches per month. 

1931·32. 

22i to 45 45 to 67i 67i to 90 
Average of 

Date of sampling. 22i to 90 
ems. ems. ems. ems. 

30th October 27·71 28·37 28·86 28·31 .. .. .. .. 
28·20 28·63 28·09 

12th November .. . , .. 27·55 

26th November 23·91 25·16 25·62 24·K9 . , .. .. 2:l-:!6 
11th December .• 22·55 23·00 :!4·22 .. .. . . 
24th Deoember .• 22·:!5 23·30 24·37 23·31 .. .. .. 

21·65 22·55 21·51 
7th January .. .. .. .. 20·3·1 

21st January 20·05 20·77 21·65 20'K2 .. .. .. .. 
19·33 20·92 19·5S 

4th February .. .. .. .. 18·48 

18th February 19·19 19·05 20·19 19·48 .. .. .. .. 
17·51 17·63 19·05 18·07 

3rd March .. .. .. .. 



TABLE No: 242 . 

. Percentage Wun8fure in 8everallayerB oj the lIOii, expre48ed on oven.dry matur, in plot . 
. ' receiving 40 Zb8. oj nitrogen tJ8 B'Ulphate oj ammonia alld water 

at 2 acre-incAes pet' month. 

1931-32. 
.. -

... -
221 to 45 45 to 871 871 to 90 Average of 

Date of sampling. _ 
ems. ems. ems. 221 to 90 

- CIDII. 

I 
30th October .. .. .. . . 28·88 28·70 28·20 28·69 
12th November .. .. .. 29'70 29·03 29·53 29'42 

26th November .. .. .. 28·20 27·88 27·88 27·99 
11th December •• .. .. . . 27·88 26·68 27·08 27,17 

24th December .. .. .. .. 27·65 28·20 28·63 ~8·09 
7th January .. .. .. .. 25·9i 28·58 25·82 28·05 

21st January .. .. .. .. 28·10 25·18 23·81 24·98 
4th February .. .. .. . . 22·85 23·61 22· In 22·85 

18th February .. .. .. . . 20·77 19·33 19·78 19'95 
3rd March .. .. .. .. 17·86 18·08 18·06 17·92 

I 

TABLE No. 243. 

Percentage mo~ture in 8everal layer8 01 the BOil, e:Epre88ed on oven·dry matter, in 
pwt receiving 100 Ib8. olnifroge" plU4 water at 2 acre-inches pet' month. 

1931-32. 

221 to 45 45 to 671 871 to 90 
Average of 

Date of sampling. 221 to 90 ems. ems. ems. ems. 

30th October .. .. .. .. 31·7li 28·70 31·41 30·82 
12th November .. .. .. 29·87 30·89 31·08· 30·81 

28th November .. .. .. 2R·37 2R·04 28·37 28·28 
11th December •• .. .. .. 27·71 28·37 n'71 27·93 

24th December •• .. .. . . 27·08 26·90 28·28 28·n 
7th January .. .. .. . . 26·48 25·78 25·00 25·41 

21st January .. .. .. . . 23·15 22·70 22·65 22·80 
4th FebrllBry .. .. . . .. 20·34 20·19 19·90 20·14 

18th FebnlBry .. .. .. ., 19·05 20·34. 20·19 19·88 
3rd MlU't'h .. .. . . .. 18·98 17·61 17·92 17·48 

_s . - --
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TABLE No. 244. 

Ammoniaca! nitrogen in '"!illigrammes per 100 grammes of oven-dry 80il in the lou 
treated wdh 40 lb8. of nttrogen per acre and irr;.nated WI't L 2 ac . h ,/ P -" ,. re-~nc e8 OJ water 

per month at the depth of 60 CmB. 

1929-30. 

Date of ~amplillg. 22·5 to 45 45 to 67·5 
I 

67'5 to 90 Average of 
ems. ems. I ems. 22·1) to 90 

ems. 

11th September .. .. .. 1'31 1·30 2·02 1·54 
25th September .. .. .. 1'66 1'31 1·32 1'43 

lOth October .. .. .. .. 1·31 1·31 1·66 1·43 
24th Octot.er .. .. .. .. 3'3~ 4·02 3·31 3·55 

7th November ., .. .. 4'0~ 1·23 1·92 2·39 
21st November .. ., .. .. 1'93 2'62 3·65 2·70 

5t.h December .• ., .. .. 3· 16 3·50 3·49 3·38 
19th December •• ., .. .. 1·40 1'40 1·40 1·40 

2nd January .. ., .. .. 2'80 2·46 2·76 2·68 
16th January .. ., .. .. 2·80 2·10 4·20 2·37 

TABLE No. 245. 

Nitrou8 nitrogen in milligrammgs per 100 gramm~!J of oven-dry 80il in th€ plot"lreated 
with 40lbs. of nitrogen per a~re ani irrigated with 2 acre·inche8 of waler per 

ntonth at the depth of 60 cms. 
1929-30. 

.- 22·5 to 45 45 to 67·5 67·5 tEl 90 
Average of 

Date of silinp1ing. 22·5 to 90 
ems. ems. ems. ems . .. 

- - -- . : 

11th September . . 0·017 0'014 0·004 O·Ol~ .. .. 
0·006 0·008 

25th September . , .. .. 0'012 0·007 

10tli October 0'009 O·OO~ 0·006 ·O·OO!!. .. ., .. .. 0·006 
24th Ootober 0'007 0·006 0·006 .. ., .. .. 

7th November 0·012 0·008 0·009 0·010 
., . , .. 

0'006 0·006 0'00'1 
21st November •• . ' .. . . 0·013 

5th December •. 0·010 0·005 0·006 0·007 .. .. ., 
0·010 0·007 0·007 

19th December •• ., ., .. 0·001 

2nd January 0·022 0'016 0·010 (H1l6 ... .. .. .. 
0'003 0·004 O·Oll 

16th ·January .. .. .. .. 0·025 



536 

TABLE No. 246. 

Niiric nitrogen in milligramme8 per 100 grammes 0/ oven.dr!l soil in the plot treated 
with 40 lbs. of nitrogen per acre and irrigated with 2 acre·inchu 0/ water 

per month at tke depth 0/ 60 cms. 
1929·30. 

Date of sampling. 22·5 to 45 45 to 67·5 67·5 to 90 Average (If 
ems. ems. C11llI. 

22·5 to 90 
ems. 

11th September . , .. .. I 0·465 ,0·375 0·324 0·388 
25th September ., .. .. 0·289 0·260 0'321 0'290 

10th October .. .' .. .. 0·173 0·261 0·202 0·212 
24th October .. ., .. . . 0·376 0·404 0·374 0·385 

7th November ., .. .. 0·315 0·304 0·201 0'273 
21st November .• .. .. . . 0·188 0'130 0·187 0'168 

5th December •• .. .. . . 0·173 0·188 0·201 0·187 
19th December •• .. .. .. 0·072 0·116 0·087 0'092 

2nd January .. .. .. .. 0·058 0'072 0·072 0'067 
16th January .. ., .. .. 0'13u' 0'143 0·116 0·130 

TABLE No. 247. 

Nitrous and nitric nitrogen in milligrammes per 100 grammes 0/ oven.dry soil in the 
plot treated with 40 lbs. of nitro]en per a:;re and irri:Jatei with 2 acre·inches 

of water per month at the depth 0/60 cms. 
1929·30. 

, 
22·5 to 45 I 45 to 67·5 67·5 to 90 Average of 

Date of sampling. ems. 

I 
ems. ems. 22'5 to 90 

ems. 
, 

11th September .. .. .. 0·482 0·389 0·328 0·400 
25th September .. .. .. 0·301 0·267 0·327 0·298 

10th October .. .. .. .. 0·182 0'269 0·208 0·220 
24t4 October .. .. .. . . 0·383 0·410 0·380 0·391 

7th November, .. .. . . 0·327 0'312 0·210 0'283 
21st November •• .. . , .' . 0'201 0'136 0·193 0·176 

5th December •• .. .. .. 0·183 0·193 0·207 0·194 
19th December .• ' .. .. .. 0'076 0·126 0·094 0·099 

2nd January .. .. .. .. 0·080 0'088 0'082 0'083 
16th January .. .. .. .. 0·155 0·146 0·120 O·l,U 



53'7 

TABLE No. 248. 

Ammo"!iacaZ nitrogen in miZligram1M8 per 100 gram1M8 of oven·dr soil in the lot 
servl"}U. as contr!,l to plots. treated with 40 and 60 lbs. of nitroge/per acre aJ 

trngated w/'th 2 acre-tnches of water per month at the depth of 60 CT/UJ. 

1929-30. 

Date of sampling. 22·5 to 451 45 to 67·5 67'5t090 Average of 
ems. ems. ems. 22·5 to 90 

ems. 

11th Sept.ember I 
25th Septembt>r 

lOth October 0·98 1·65 2'02 1·55 

24th October 0·96 1·31 1'6.& 1·30 

7th November 0'53 0·53 0·18 0·41 

21st November .. 1·23 0·89 1·22 l'll 

5th December .. 1-.10 1·40 1·40 1·40 

19th December __ 0-70 1-40 0-70 0·93 

2nd January 1'40 }·40 }'7-1 1·51 

16th January 2·10 1·75 2-11 1·99 

TAllLE No. 249. 

Nitrous nitrogen in milligrammes per 100 grammes of oven-dry 80ilin the plot control 
to plots receiving 40 and 60 lbs_ of nitrogen per acre and 2 acre-inches of water 

Dato of sampling. 

lOth October _. .. 
24th October -- .. 
7th November __ .. 

21st November _ • --
5th December _. ., 

19th December .• ., 

2nd January ., .. 
16th January .. .. 

\\8 

per monih at the depth of 60 ems. 

.. .. 
-- -. 
.. .. 
-' .. 
., .. 
.. .. 

.. .. 

. . .. 

1929-30. 

22·5 to 45 
ems. 

0·008 

0·006 

0-008 

0·003 

0·009 

0·008 

0·021 

0·004 

45 to 67·5 
ems. 

0·007 

0-006 

0-006 

0-006 

0·005 

0·011 

0·015 

0·003 

67·5 to 90 
ems. 

0·004 

0-006 

0-012 

0-006 

0'008 

0·010 

0·010 

0·004 

Average of 
22·5 to 90 

ems. 

0·006 

0·006 

0·009 

0'005 

0·007 

0'010 

0·015 

0·00.& 
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TABLE No. 250. 

Nitric nitrogen i!" .milligrammes per 10~ grammes oj oven-dry Boil in the plot control 
to plota recew~ng 40 and 60 lba. oj nttrogen per acre and 2 acre-inches oj water 

per month at the depth oj 60 CmB. 

Date of sampling, 

lOth qc:tober .. .. .. .. 
24th October .. .. .. .. 
7th November .. .. .. .. 

21st November .. ., .. .. 
5th December .. .. .. .. 

19th December .• .. ., .. 
2nd January .. .. .. .. 

16th January .. ., .. . . 

1929-30. 

\ 

22'
ems
5 to. 45/ 45 to 67·5 167 '5 to 90 I Average of 

cma. cm~. 22·5 to 90 
oms. 

0·206 0·201 0·219 0·209 

0·317 0·347 0'3H 0·336 

0·202 0·200 0,315 0·239 

0·130 0·116 0·171 0·139 

0·143 0'131 0·143 0'139 

0·116 0·101 0·129 0'115 

0'072 0-072 0'086 0·077 
I 

0·072 0·087 0·072 0·077 

TABLE No. 251. 

Nitrous and nitric nitrogen in milligrammes per 100 grammes oj oven·dry Boil in t/6e 
plot control to plota receiving 40 and 60 lbB. oj nitrogen per acre and 

2 acre· inches oj water per month at the depth oj 60 Clna. 

1929-30. 

22·5 to 45 45 to) 67'51 67'5 to 90 Average of 
Date of sampling. ems. ems. cms. 22·5 to 90 

CDl8. 

lOth October 0·214 0·208 0·223 0·215 

24th October 0·323 0·353 0·380 0·342 

7th November .. 0·210 0·206 0·327 0·248 

21st November .. 0·133 0·122 0·177 0·144 

5th December .. 0·152 0·136 0·151 0·146 

19th December .. 0·124 0·112 0·139 0·125 

2nd January 0·093 0·087 0·096 0·092 

16th 'January 0·076 0·090 0·076 0·078 
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TABLE No. 252. 

Ammoniaca.l nitrogen in ?"Iilligra.mme8 per 100 gramme8 of at'en.dry 80il in the lot 
treated w'lth 60 lh8. oj mtrogen per acre and irrigated with 2 acre-inches of uVJJ:. 

per month at the depth oj 60 cm8. 

Date of sampling. 

1929-30. 

22· 5 to 45 
ems. eIIlS. ('InS. 

Average of 
22·5 to 90 

ems. 

45 to 67'5/67'5 to 90 

----~---------~-----'---------- ---'------

11th September 
25th September 

10th October 
24th October 

7th November •. 
21st November .• 

5th December ., 
19th December .. 

2nd January 
16th January .. 

1·32 
2·36 

3·33 
5·42 

3·16 
1·40 

1·40 
2·80 

TABLE No. 253. 

1·31 0·62 1·08 
3·41 3·33 3·03 

1·93 1·92 2·39 
6'13 3·34, 4·96 

3·51 3·53 3·40 
2'81 1·40 1·87 

1'40 1·40 1·40 
3·50 3·50 3·27 

Nitrous nitrogen in milligramme8 per 100 gramme8 of oven-dry 80il in the plot trwted 
with 60 lh8. oj nitrogen per acre and irrigated with 2 acre-inche8 of u'ater per 

month at the depth of 60 ems. 

Date of sampling. 

11th September .. 
25th September .. 
10th October .. .. 
24th October .. .. 
7th November._ .. 

21st November .. .. 
5th December •• .. 

19th December .. .. 
2nd January . .. 

16th January .. .. 

.. .. 

.. .. 

. . .. 

. . .. 

.. .. 

.. . . 

.. .. 

.. . . 

.. .. 

. . .. 

1929-30. 

22· 5 to 45 
ems. 

.. 

.. 
0-007 
0·006 

0·014 
0'010 

0·006 
0·004 

0·007 
0·010 

45 to 67·5 
ems. 

.. 

. , 
0·008 
0·004 

0·010 
0·010 

0'012 
0·009 

0'007 
0'003 

67·5 to 90 
ems. 

. , 

.. 
0·014 
0'003 

0·005 
0·006 

0'007 
0'006 

0·008 
0·002 

Average of 
22·5 to 90 

ems. 

.. .. 
0'010 
0·004 

0·010 
0·009 

0·008 
0·006 

0·007 
0·005 
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TABLE No. 254. 

Nitri.c nitrogen in milligrammes per 100 grammes of oven-dry soil in the plot treated 
'UJ'l,th 60 lb8. of nitrogen per acte and irrigated with 2 acre-inche.s of tmter per 

month at the depth of 60 CmB. 

Date of sampling. 

11th September .. .. .. 
25th September .. ., .. 
lOth October .. .. ., .. 
24th October ., ., .. .. 
7th November •. .. .. ., 

21st. November .• .. .. . . 
5th December .. .. .. . . 

19th December .. ., . , .. 
2nd January .. .. ., .. 

16th January .. .. .. . . 

1929-30. 

22·5 to 45 45 to 67·5 67·5 to 90 
ems. ems. ems. 

.. .. .. .. .. .. 
0·291 0·203 0·145 
0·434 0'420 .- 0'173 

0·231 0·232 0·172 
0·144 0·144 0·159 

0·144 0·087 0·174 
0·140 0·140 0·130 

0'072· 0·072 0·058 
0·087 0·116 0·116 

TABLE No. 255. 

Average of 
22·5 to 90 

cma. 

.. .. 
0·213 
0·342 

0·212 
0·149 

0·135 
0·137 

0·067 
0·106 

Nifr0118 and nitric nitrogen in milligra.mmes per 100 gramme8 of oven-dry 80il in the 
plot trea.ted with 60 lb8. of nitrogen per acre and irrigated with 2 acre-inchu of 

water per month at the depth of 60 CmB. 

1929-30. 

Date of sampling. .\ 22·5 to 45\ ems. 

11 th September .. .. . . .. 
25th september .. .. .. .. 
lOth October .. .. .. . . 0·298 
24th October .. .. .. . . 0·440 

7th November .. .. .. .. 0·245 
21st November .. .. .. .. 0·154 

5th December .. .. .. .. 0·150 
19th December .. .. .. .. 0·144 

2nd. January .. .. .. .. 0·079 
16th January .. .. .. .. 0·097 

... 

45 to 67·5 
ems. 

\ 

67·6 to 90 I 
ems. 

.. .. 

.. .. 
0·211 0·159 
0'424 O·17G 

0·242 0·177 
0·154 0·165 

0·099 0·181 
0·149 0·136 

0·079 0·066 
0·119 0·118 

Average of 
22·6 to 90 

ems. 

.. .. 
0·223 
0·346 

0·222 
0·158 

0·143 
0·143 

0·074 
0·121 
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TABLB No. 256. 

Amm.O'niacal nitrogen in miUigrammeB per 100 gram~A. 0" d '1' L t ted '1' A 80 lb " . .."'" 'J oven- 1'1) 801 In t,o« plol 
rea!l'l B. OJ mtrogen per acre and irrigakd unth 2 acre-inche.s of 

water per month at the depth of 60 ems. 

1929-30. 

Date of sampling. 22,5 to 45/45' to 67,5 
ems. ems. 

12th September .. .. .. 1'68 1·30 
26th September .. .. .. 1·32 1·67 

11th October .. .. . . .. 1·32 1·64 
25th October .. .. ., .. 4'69 2·63 

I 
8th November .• .. .. .. 1·22 2·63 

22nd November ., .. .. 3·31 2·20 

6th December .. .. .. .. 3,49 6·68 
24th December .. .. .. .. 3,49 7·70 

3rd January .. .. . . .. 1·30 1·40 
17th January .. .. .. .. 2'81 3·51 

TABLE No. 257. 

1\7·6 to 90 
ems. 

0·62 
1·31 

I· 31 
2·63 

1·92 
1·93 

4·90 
5·60 

2·80 
3·60 

Average of 
22·5 to 90 

ems 

1·20 
1·43 

1·42 
3·32 

1·92 
2·51 

6·02 
6·60 

1·87 
3·27 

NitrouB nitrogen in milligrammes per 100 grammes of oven-dry Boil in the plot treated 
with 80 lbs. of nitrogen per aere and irrigated with 2 acre-inches of water 

Date of sampling. 

12th September .. .. 
26th September .. .. 
11th October .. .. .. 
25th October .. .. .. 
8th November .• .. .. 

!2nd November .. .. 
6th December .• .. .. 

24th December •• .. .. 
3rd January .. .. .. 

nth J alluary .. .. .. 

at the depth of 60 emB. 

1929-30. 

22·5 to 45 
ems. 

.. 0·007 

.. 0'026 

_. 0·006 
.. 0·015 

.. 0·014 

.. 0·006 

.. 0,010 
_ . 0·010 

.. 0·015 

.. 0·015 

45 to 67·5 
ems. 

0·005 
o·on 
0'026 
0·000 

0·005 
0·004 

0·031 
0·007 

O'OlJ 
0·005 

67·5 to 90 
cn1S. 

0·003 
0·006 

0·041 
0·004 

0·006 
0·010 

0·036 
0·007 

0·010 
0·0011 

Average of 
22·6 to 90 

ems. 

0'005 
0·014 

0·024 
0·009 

0'008 
0·007 

0·026 
0·008 

0·012 
0·010 
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TABLE No. 258~ 

. Nitric nitrogen in milligrammeIJ per 100 grammes oJ oven-dry 80il in the plot treated 
with 80 lb8. oJ nitrogen per acre and irrigated with 2 acre-inchu oJ water per 

month at the depth oJ 60 CmB. 

1929·30. 

Date of sampling. 22·5 to 45 45 to 67·5 67·5t090 Average of 
22·5 to 90 ems. ems. ems. ems. 

-

] 2th September .. .. .. 0·288 0·232 0·203 0·241 
26th September .. ., .. 0·349 0,26.3 0·289 0·300 

11th October .. .. . . .. 0·087 0·142 0·202 0·144 
25th October .. .. ., .. 0·287 0'202 0·144 0·211 

8th November .. .. .. . . 0·170 0·200 0·206 0·190 
22nd November .. .. .. 0·143 0·203 0·202 0·183 

6th Decembe1" •• .. .. . . 0·158 0·173 0·173 0'168 
24th December .• .. ., .. 0'072 0·087 0·115 0·091 

3rd January .. .. .. . . 0'08'l, 0·102 0·086 0·091 
17th January .. .. .. . . 0·087 0·072 0·0514 0·072 

TABLE No. 259. 
Nitrou8 and nitric nitrogen in milligrammeIJ per 100 gramme8 oJ oven-dry Boil in the 

plot treated with 80 lb8. oJ nitrogen per acre and irrigated with 2 acre-inche8 
oJ water per month at the depth oJ 60 CmB. 

1929-30. 

22·5 to 45 45 to 67·5 67·5 to 90 
Average of 

Date of sampling. 22·5 to 90 
cms. ems. ems. ems. 

-----
12th September .. .. .. 0·295 .0·237 0·206 0·246 
26th September .. .. .. 0·375 0·274 0·295 0·314 

11th October .. .. .. .. 0·093 0·168 0·243 0·168 
25th October .. " " .. 0·302 0·211 0·148 0·220 

8th November •. " " .. 0·184 0·205 0·212 0·198 
22nd November .. .. .. 0·149 0·207 0·212 0·190 

6th December •• " .. .. 0·168 0·204 0·209 0·194 
24th December •• .. .. . . 0·082 0·094 0·122 0·099 

3rdJanuary .. .. .. . . 0·101 0·113 0·096 0·103 
17th January .. .. .. . . 0·102 0·077 0·067 0·082 
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·TABLE No. 260. 
Ammoniacal nitrogen i~ .milligrammes per 100 grammes of oven.dry Boil in the plot 

control to plots recewlng 80 and 100 lbB. of nitrogen per acre and 2 acre.inches 
of water per month at the depth of 60 CmB. 

1929·30. 

Date of sampling. 22·5 to 45 45 to 67·5 67·5 to 90 Average of 
ems. ems. ems. 22·5 to 90 

ems. 
--. 

12th September .. .. .. 1·30 0·61 0·62 0·84 26th September .. _. .. 1'66 0·96 1·31 1-31 

11th October .. .. .. .. 2-00 1'65 1-65 1·77 25th October .. .. .. .- 1·65 1-67 1·65 1'66 

8th November .. .. .. 1·24 I-59 0-88 1-24 22nd November .. .. .. 1-23 0'89 0-88 0-93 

6th December .. .- .. .. 3'50 3·89 3·80 3·73 
24th Dacember .. .. .. .. 1·41 1·05 0·70 1·05 

3rd January .. .. .. .- 1'40 1'05 1'40 1·28 
17th January .. .. .. -- 1-40 0·69 0·69 0·93 

TABLE No_ 261. 

.N itroUB nitrogen in milligrammes per 100 grammes of oven-dry soil in the plot control 
to plots receiving 80 and 100 lb.~. of nitrogen per acre and :t acre-inches of 

water per month at the depth of 60 ems. 
1929-30_ 

I 22· 5 to 45 45 to 67·5 67'5to90 Average of 
Date of sampling. 22·5 to 90 

ems. ems_ ems. 

I 
ems. 

12th September .. .. .. 0'026 0·090 0·020 0-045 
26th September .. .. .. 0-021 0-009 0·006 0·012 

11th October 0·052 0'031 0-026 0·038 .. .. " .-
25th October 0-014 0-008 0-003 0·008 .. .. .. .. 
8th November .. 0·005 0-008 0·008 0·007 .. .. . . 

0-005 0·006 2200 November .. .. . . 0'013 Trace 

6th December .. 0-012 0·008 0-005 0-008 .. .. . . 
24th December .. 0-009 0-011 0·010 0·010 .. .. . . 
3rd January 0'042 0·017 0-018 0-026 .. .. .. .. 

0-010 0·009 0'010 17th January .. .. .. .. 0-011 
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TABLE No. 262. 

Nitric nitrogen in milligrammes per 100 grammea 01 ov6n-dry Boil in tM plot contra' 
to plota receiving 80 and 100 lbs. 01 nitrogen per acre and 2 acre-inches 01 

water per month at the depth 0160 CmB. 

Date of sampling. 

-

12th September 
2 

1 
2 

6th September 

lth October 
5th October 

.. 

., 

8th November .• 
2 2nd November 

6th December .• 
2 4th December •. 

3rd January .. 
1 7th January .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. . . .. .. 

.. .. .. . . 

.. .. .. . . 

.. .. 

.. .. 

.. .. .. .. 

1929-30. 

22·5 to 45 45 to 67·5 67·5 to 90 Average of 
ems. ems. ems. 22·/1 to 90 

ems. 

0·406 0·287 0·231 0·208 
0'232 0·230 0'260 0·241 

0·275 0·288 0·288 0·283 
0·347 0·290 0·201 0'279 

0·203 .0·261 0'l72 0·212 
Trace Trace Trace Trace 

0·130 0·145 0·130 0·135 
0·116 0·116 0·130 0·121 

O'Ollq 0'086 0·072 0·077 
0'058 0·072 0·087 0'072 

TABLE No. 263. 

N itroUB and nitric nitrogen in milligrammea per 100 grammea 0,1 oven-dry Boil in the 
plot control to plots receiving 80 and 100 lb8. of nitrogen per acre and 2 

acre-inches of water per month at the depth of 60 emB. 

Date of sampling. 

12th September .. .. .. 
2 6th September .. .. .. 
11th October .. .. .. . . 
25th Oc~ber .. .. .. .. 
8th Novemb~r .• .. .. .. 

2 2nd November .. .. .. 
6th December •• .. .. .. 

2 4th December •• .. .. .. 
3rd January .. .. .. .-

17th January .. .. .. .. 

1929-30. 

22·5 to 45 45 to 67·5 67·5 to 90 
ems. ems. ems. 

0·432 0·377 0·251 
0·253 0-239 0-266 

0·327 0·319 0·314 
0·361 0·298 0·204 

0-208 0-269 0·180 
0'013 Trace 0·005 

0·142 0·153 0·135 
0·125 0·127 0·140 

0·128 0·103 0·090 
0·069 0·082 0·096 

Average of 
22·5 to 90 

ems. 

0-253 
0·253 

0·321 
0·287 

0·219 
0·006 

0·143 
0·131 

0·103 
0·082 
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TABLE No. 264. 
Ammoniacal nitrogen in milligrammes per 100 grammes if d 'l' 

plot treated with 100 lba. oj nitrogen per acre and irr;gat-~ ~tvhen2- ry 8~ 1 tn the 
.1 • .,... Wt acre'lne/tes 

oJ water per month at the depth oj 60 ems. 

Date of sampling. 

12th September .. .. .. 
25th September .. .. .. 
11th October .. .. .. .. 
25th October .. .. . . .. 
8th November .• .. .. .. 

22Dd November .. .. .. 
6th December .• .. .. .. 

24th December .. .. .. .. 
3rd January .. .. .. .. 

17th January .. .. .. . . 

1929-30. 

22·5 to 45 
ems. 

.. 

.. 
1'99 

2·96 

1·92 

1·23 

3'13 

2'09 

2·80 

3'15 

45 to 67·5 
ems. 

.. 

.. 
2'02 

6·48 

2·53 

3·34 

5·28 

4·22 

4·20 

3·52 

TABLE No. 265. 

67·5 to 90 
ems. 

.. 

.. 
1'67 

6·07 

2'62 

2·61 

4'18 

3·48 

4·21 

3'51 

Average of 
22·5 to 90 

ems 

.. 
" 

1'89 

5'17 

2·36 

2·39 

4·20 

3·26 

3'74 

3·39 

Nitrous nitrogen in milligrammes per 100 grammes oj oven-dry aoil in the pl()t treated 
with 100 lba. oj nitrogen per acre and irrigated with 2 acre-inches oj !ca./er 

per month at the depth oj 60 ems. 

1929·30. 

22'5to45 45 to 67·5 67·5 to 90 Average of 
Date of sampling. 22·5 to 90 ems. ems. ems. ems. 

11th October 0·025 0·031 0·036 0·031 

25th Ootober 0'007 0·003 0·003 0·004 

8th November •. O'OH 0·007 0·005 0·008 

220i November 0'002 0·100 0·128 0·077 

6th December .. O·OH 0·006 0·006 0·008 

24t·h December .. 0·009 0·008 0·007 0·008 

3rd January 0'Ol2 0·010 0·015 0·012 

17th January 0·022 0·021 0·011 0·018 

69 



TAB ... No. 266. 

Nilrie ailrogea ia milligramlJlU per }OO gtTJmmu 0/ ~,,-d'Y.nl i. lAc ploI tretJUd 
tDitA }OO lb8. 0/ aitroge" per acn alld irrigated tcill Z CKn-illC~" 0/ trtaI~r 

per tnOIIll at 1M Mpti 0/60 CIU. 

1929-30. 

Daie of sampling. !:!·5 &0 45 45 &0 67·5 67·5 &0 to IA~~ 
nos. cu.. nos. U.!.:: to 

lUb Oc&ober i 0,%15 0'%63 0·21. e'212 .. ' 
~thOe&ober 0'%87 0·36:! 0·!86 0'312 

8th November •• 0'!60 O·no 0·21. 0·235 

!:!u:I November Tnoo 0'!3:! 0·201 O·Ut 

6thD_ber •• 0·U3 0'!3!! 0·172 0'18! 

UtbD_mber •• 

"1 
0·143 o·n. 0·115 0·1%3 

3n1 .January 0'0?7J 0·072 0·115 0·084 

I7th.JannaI'Y I 0·231 0·261 0·231 0·2&1 "1 , 

TABU No. 267. 

-l\-ilroKJJ a"d Jlme aitrogol i" rrUl/i,ram",-.f pt!r }OO 91'CJmJIIU 0/ ~JI-d'Y.nl i" tAl! 
pia treatm witA }OO II». 0/ "ilrO]e" p!r Gl'Te a"d irri,lJlqj ",ilA t CKn-i"da 

0/1C'OIt:T per mollli at 1M deptA 0/60 c;"... 

19"29-30. 

Daie of aampliug. !!·5 &0 45 45 &0 67·5 117.:.:.:. to 
Anngeof 

nos. - 22·5 &0 to --
lUhOctobar 0·240 0,%94, 0'%55 0·213 

25th October 0,%94, 0·315 0·!89 0·31. 

8thNovembar •• 0·271 0·237 0'2%1 O'U~ 

DldN-w 0·002 O·US 0·3..'"9 O·Z:I 

6th Deoember •• 0·151 0·238 0·178 O·UI. 

Hth Dscember ._ 0·152 O·IU 0·122 o-IU 

3n1 .January .. , 0·084 O'OS! 0·130 0·093 

I7th.January O·~ 0'%82 O·;!U 0·25. 
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TABU Xo. 268. 

Sitroul! flitrogen .iJl miTligrammu per 100 grammes oJ Ot-efl-dry 8011 ill plot Teuivi~ 
401b&. oJ nitrogen plus tcater at 2 acre-inches per month at a depth oJ 2 Jed. 

1930·31. 

Date of sampling. 22·5 to 45 45 to 67·5 67·5 to 90 Average of 
CInS. CInS. CInS. 

22·5 to 90 
CIns. 

4th September .. •• 1 0·022 . 0·021 0·0:!1 0·021 
1st October 

, 
0'021 1 0·012 , 0·00-1 0·012 

15th October Work suspended. 

29th October Do. 
12th November Do. 
26th November 

J 
0·023 0·016 0·022 0·020 

10th December .. 0·016 0·008 0·007 0·010 
23rd December .. ·'1 0·020 0'01l 0·009 0·013 

7th January 0·022 0·020 0·020 0·021 
! 

21st January 
I 

0·028 0·021 0·069 0·039 
4th February ::1 0·010 0·021 0·010 0·014 

18th February ··1 0·021 0·015 0·017 0·018 

• The manwe (sulphate of ammonia) was given with water in 30 equal bi·weekly doses 
from 15t.h October to 26th January. 

TABLE No. 269. 

NitT0U8nitTogen in miUigrammes peT 100 grammes oJ Ot·en·dry wil in plot ·control to 
plot8 receit;ng 40 an d 100 lbs. (J r..itTogm Te8~ctirely trith lrater. 

Date of sampling. 

4th September .. 
1st October 

15th October 

29th October 
12th November 
25th November 

lOth December .. 
24th December .. 

7th January 

21st January 
4th February 

18t.h February 

··1 
··1 
·'1 .. 

1930·31. 

22·5 to -15 
ems. 

0·021 
0·018 

0·016 

0·012 
0·008 
0·022 

0·042 
0·010 
0·022 

45 to 67·5 I 
cm5. 

0·021 
O·Oll 

6i·5 to 90 
ems. 

O·(I:W 
0·003 

iWork suspen~ro. 

Do. 
Do. 

0·030 0·023 

0·010 O·oo!l 
0·012 0·011 
0·015 0·010 

0·027 0·06-1 
0·023 0·023 
0·022 0·010 

• The plot received no manure and DO water. 

Average of 
22·5 to 90 

CIIl8. 

0·021 
0·01l 

0·023 

0·010 
0·010 
0·016 

0·044 
0·019 
0·018 
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TABLE No. 270. 

Nitrous nitrogen in milligra'-mmes per 100 grammes of oven-dry soil in plot receiving 
* 100 lbs. of nitrogw plus water at 2 acre-inches per month at a depth of 2 feet . 

.1930·31. 

Date of sampling. 22·5 to 45 45 to 67·5 

I 
67·5 to 90 Average of 

cms. ems. ems. 22·5 to 90 
cms. 

4th September .. 0·018 0·018 I 0·016 0·017 
1st October 0·021 0·012 0·005 0·013 

15th October Work suspende!i. 

29th October Do. 
12th November .. Do. 
25th November .. 0·026 0'026 1J'016 0'023 

10th December .. 0'026 0·016 0·012 0'018 
24th Decem1:.er ., 0·012 0·006 0·005 0'008 

7th January 0·021 0·021 0·022 0·021 

21st January 0'012 0·018 0·023 O'OlS 
4th February 0·090 0'021 0'016 0·042 

18th February 0'022, 0·027 0·021 0·023 

• The manure (sulphate of ammonia) was given with water in 30 equal bi·weekly dose. 
from 15th Octnber to 26th January. 

TABLE No. 271. 

Nitric nitrogen in milligrammes per 100 grammes of oven-dry 80il in plot receiving 
*40 lbs. of nitrogen plus water at 2 acre-inches per month at a depth of 2 feet. 

1930-31. 

22·5 to 45 45 to 67·5 

I 
67·5 to 90 Average ot 

Date of sampling. 22· 5 to 90 cms. cms. ems. cms. 

4th September .. 0·345 0·319 I 0·201 0'31!! 
1st October 0'520 0·260 I 0·462 0·414 

15th October Work suspended 

29th October Do. I 
12th November Do. 
25th Noyember 0·208 0·220 0·208 0·212 

10th December .. 0·279 0·176 0·134 0·196 
24th December .• 0·305 0·311 0·308 0·308 

7th:January 0·207 0·206 0·207 0·207 

21st JanuarY 0·260 0·225 0·233 0·239 
4th February 0·190 0·223 0·161 0·191 

18th February 0·216 0·208 0·222 O' 2l1i 

• The manure (sulphate of ammonia) was given with water in 30 equal bi·wEekly dOBell. 
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TABLE No. 272. 

Nitric nitrogen in milligra'!1l'!1le8 per 100 grammes of oven-dry Boil in plot. control to 
plot~ recewmg 40 and 100 Zba. of nitrogen with water. 

1930-31. 

Date of sampling. 22· 5 to 45 45to67'5 67·5 to 90 Average of 
ems. ClllS. ems. 22· 5 t~ 90 

ems. 

4th September .. .. " .. 0'349 0·323 0·289 0·320 1st October .. .. . . .. 0'404 0·318 0·335 0·352 15th October .. .. .. .. W ork suspende d 

29th October .. .. . . .. Do . 
12th November .. .. .. Do . 
25th November ., .. .. 0·206 0·3U 0·195 0·238 

10th December .. .. .. .. 0'174 0'206 0·178 0·186 
24th December .. .. .. .. 0·327 0·379 0·608 0'438 

7th January .. .. .. .. 0·207 0'250 0·235 0'23l 

21st January .. .. .. .. 0·225 0·237 0·165 0·209 
4th February .. .. .. .. 0·181 0·206 0·294 0·246 

18th February .. .. " .. 0·223 0·223 0·206 0·217 

* The plot did not receive either manure or water. 

TABLE No. 273. 

Nitric nitrogen in milligrammea per 100 grammes of oven-dry Boil in plot receiving 
·100 lbs. oj nitrcgen plus water at 2 acre-inches per month a·t a depth of 2 feet. 

1930-31. 

22·5 to 45 45 to 67·5 67·5to90 Average of 
Date of sampling. 22·5 to 90 

ems. ems. cms. cms. 

4th September .. 0·318 0·318 0·262 0·299 .. ., .. 
1st October 0'494 0·261 0·434 0·396 .. .. .. .. 

15th October .. .. .. .. W ork suspend" d 

29th October .. .. .. . . Do. 
12th November .. .. .. Do. 

0·263 0·284 0·237 25th November .. .. . . 0·267 

0·192 0·220 0·209 0·207 I Oth D~cember .. .. .. .. 
0·288 0·273 24th December .. 0·225 0·305 .. .. .. 
0·296 0·296 7th January 0·296 0·296 .. .. .. .. 

0·073 0·207 0·222 0·167 
21st January .. .. .. .. 

0·341 0·296 0·294 0·310 
4th February .. .. .. .. 0·049 

18th February 0·148 .. .. .. .. .. .. 
i· kl * The manure (sulphate of ammoDla) was gIVen Wlth water In 30 equal b wee r 

15th Oetoi:>er to 15th .:r~nuarr. 

doses fro m 
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TABLE No. 274. 
-Nitrous and nitric nitrogen in miZligrammes per 100 grammes 0/ oven·dry BOil in plot 

receiving *40 Zbs. 0/ nitrogen pZUB water at 2 acre-inches per month at a depth 0/2/eet. 
1930·31. 

Date of sampling. 22·5 to 45 45 to 67·5 67·5 to 90 Average of 

ems. ems. ems. 22'6 to 90 
ems • 

4th september .. .. .. .. I 0·367 0·340 0·312 0·340 
1st October .. .. . . 0'541 0·272 0'466 0·426 

15th October .. .. .. . . W ork suspende d 

29th October .. .. .. . . Do • 
12th November .. .. " Do. 
25th November .. " .. 0·231 0·236 0·230 0'232 

10th December .. .. .. .. 0·295 0·184 0·141 0·207 
24th December •. .. .. . . 0·325 0·322 0·317 0·321 
7th January .. .. . . .. 0·229 0·226 0·227 0·227 

21st ·January .. .. .. . . 0·288 0·246 0·302 0'279 
4th February .. .. .. .. 0·200 0·244 0·171 0'205 

18th February .. .. .. . . 0·237 0·223 0·239 0'233 

• The manure (sulphate of ammonia) was given with water in 30 equal bi·weekly doses from 
16th October to 26th January. 

TABLE No. 275. 
Nitrous and nitric nitrogen in milligrammes per 100 grammes 0/ oven· dry soil in. plot 

*control to plots receiving 40 and 100 Zbs. 0/ nitrogen. with water. 
1930·31. 

22·5 to 45 45 to 67·5 67·6 to 90 Average of 
Date of sampling. 22·6 to 90 ems. ems. ems. ems. 

4th September .• .. .. .. 0·370 0·344 0·309 0·341 
1st October .. .. .. . . 0·422 0·329 0·338 0·363 

15th October .. .. .. .. W ork suspende d 

29th October .. .. .. .. Do • 
12th November .. .. .. Do • 
25th November .. .. . . 0·222 0·344 0·218 0·261 

10th December •. .. .. . . 0·186 0·216 0·186 0·196 
24th December •• .. .. .. 0·335 0·391 0'619 0·448 
7th January .. .. .. .. 0·229 0·266 0·245 0·246 

21st January .. .. .. .. 0·267 0·264 0·229 0·253 
4th February .. .. .. .. 0·191 0·229 0·317 0·246 

J8thFebruary .. .. . . 0·245 0·245 0·216 0·235 

• The plot did not receive either manure or wator. 
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TA.BLE No. 276. 

Nitr0U8 and nitric nitrogen in milligram1M8 per 100 gram-·· O·I OV d 'Z' 10 
.. 100 Zh .1 • """" ~ en- ry 80l In p t recewmg 8. oJ n~trogen· plus water at 2 acre·inches per month 

Date of sampling. 

4th Septemb9r .• 
1st October 

15th Octob9r 

9th October 2 

2 
12th November 
6th Novamb9r 

.. .. 

.. 

10~h DJcember .. 
2 ~th D lC9mb~r 

7th .J<\:111'lory .. 
2 1st Ja.nuary .. 
4th F ~br,ury 
8th F Jbru .. ry .. 

.. .. .. 

.. .. .. 

.. .. .. 

.. .. .. 

.. .. 

. . 

. . .. 

.. 

.. .. 

. . 

.. .. .. 

at a depth of 2 feet. 
1930-31. 

22·5 to 45 45 to 67·5 67·5 to go Average of 
ems. ems. ems. 22·5 to 90 

cms. 

.. 0·336 I 0-336 0·278 0·317 .. 0·515 0'273 0'439 0·409 .. Work suspended 

.. D~ . .. DJ . .. 0'293 0·310 0'253 0'285 

.. 0·218 0·236 0·221 0'225 .. 0·237 0·311 0'293 0·281 .. 0·317 0·317 0·318 0·317 

.. 0·085 0·225 0·245 0·185 .. 0·431 0·317 0·310 0·353 .. 0·170 0'027 0·021 0'073 

• The manure (sulphate of ammonls) was gIVen With water In 30 equal bl.weekly doses from 
the 15th Octohflr to 26th January. 

TA.BLE No. 277. 
Ammoniacal nitrogen in milligrammes per 100 (Jramme8 of oven-dry Boil, in plot receiv

ing *40 Zh8. of nitrogen plus water at 2 acre-inches per month at a depth of 2 feet. 
1930-31. 

22·5 to 45 45 to 67·5 67·5 to 90 Average of 
Date of sampling. 22·5 to 90 

4th September .. 
.1st October 

15th October 

9th October 2 

2 
12th November 
5th November 

.. 

.. 

.. 

10th December .. 
2 4th December .. 
7th January .. 
1st January .. 
4th February 

18th February .. 
2 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. .. .. 

.. .. .. .. 

.. .. 

.. . , .. .. .. .. 

ems. ems. ems. 

. . 3·43 3·82 I 2·74 

.. 0·94 2·00 0·94 

.. Work suspended 

.. Do. 

.. Do. 
2'06 2·06 .. 2'06 

0·54 2·42 1·70 .. 
2·39 3·18 .3·14 .. 

4·88 1·34 .. 2·14 

2·08 2·59 2·10 .. 
1·76 2·10 2·52 .. 

4·78 . 3·74 3·37 .. 
i· kl • The manure (sulphate of ammonia) was gIVen With water ill 30 b wee y 

October to 26th January. 

cms. 

3·33 
1·29 

2·06 

1·69 
2·90 
2·79 

2·26 
2·13 
3·96 

doses from 15th 



TABLE No. 278. 
Ammoniacal nitrogen in milligramme8 per 100 gramme8 0/ oven-dry BOil in .plot 

control to plotB receiving 40 and 100 lb8. 0/ nitrogen with water. 

Date of sampling. 

4th September .• 
1st October •• 

15th October .• 

29t·h October •• 
12th November 
25th November- •. 

10th December •. 
24th December .; 
7th January •. 

21st January 
4th February •• 

18th February •. 

1930-3l. 

22·5 to 45 
ems. 

3·47 
3·80 

1·31 

2·75 
3·54 
2·60 

2·97 
3·71 
4·12 

45 to 67·5 
ems. 

67·5 to 90 
ems. 

3·14 I 2·38 
2·73 . 2·39 
Work suspended 

Do. 
Do. 

1·72 

2·42 
2·75 
7·74 

7'01 
2·12 
2·14 

2·08 

3·18 
2·80 
4·50 

4·16 
1·75 
2·12 

• The plot recelved no manure and water. 

TABLE No. 279. 

Average of 
22·6 to 90 

ems. 

3·00 
2·97 

1·70 

2'78 
3·03 
4·95 

4·71 
2·53 
2'79 

Ammoniacal nitrogen in miLZigramme8 per 100 gramme8 0/ oven-dry Boil in plot 
receiving *100 lbB. 0/ nitrogen plUB water at 2 acre-inche8 per month 

at a depth 0/ 2/eet. 
1930-3l. 

D~te of sampling. 22·5 to 45 45 to 67·5 67·5 to 90 Average of 

ems. ems. ems. 22'0 to 90 
ems. 

"th September .• .. .. .. 3·09 2·37 I 2·39 2·62 
1st Oetober .. .. .. .. 1'66 2·38 1·29 1·78 

15th October .. .. . . .. Work suspended 

29th October .. .. .. . . Do . 
12th November " .. .. Do. 
25th November .. .. . . 2·80 2·83 3·18 2·94 

10th December .• .. " .. . . 2·42 2'83 2·62 
24th December' .• .. .. .. 2·83 3·47 2·37 2·89 

7th January .. .. .. .. 2·60 3·37 1·3" 2·« 

21st JanuarY .. .. " .. 3·31 3·37 2·57 3·011 
"th February .. .. .. .. 1·34 1·34 2·12 1·60 

18th February .. .. .. . . 2·94 1·76 1·32 2·01 

• The manure (sulphate of ammonia) was given with water in 30 equal bl·weekly doses 
from 15th October to 26th January. 
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TABLE No. 280. 

Effect of the· appliC4tion 01 100 lbs. of phosphoric acid with 2 acre-inches of 

water per month at the depth 0145 ems. from the middle of October, 
in smaU and equal hi-weekly dos68. (Protected plants.) 

1930-31. 

(Average results of ten plants.) 

Plant Organs. 

v egetative buds .. .. .. .. 
Flower·buds .. .. .. .. .. 

Vegetative buds .. .. .. .. 
Flower·buds .. .. .. .. .. 
Flowers .. .. .. .. .. 
Bolla .. .. .. .. .. .. 
Total seed.cotton in gms. .. .. .. 
Seed·ootton in gms. per boll .. .. .. 

Percentage success of-

Buds into flowers .. .. .. 
Flowers into bolls .. .. .. 
Buds into bolla .. .. .. 

70 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. . . 

.. .. 

.. .. 

., .. 

.. .. 
-

Two inches of water with 

Water only. 
(Control.) 

100 lhe. Pho8-
phoric acid; 

Performance before commencement 
of treatment. 

130·9 147'0 

107·1 122·2 

Final performance. 

219·4 237·6 

207·2 226·4 

78·5 U·6 

41·4 40·7 

76·0 74·2 

1·84 1·82 

37·9 33·0 

52·8 54·6 

20·0 18·0 



854 

TilL. No. 281. 

EJJed oJ 1M GpplicatUm or 40 lb.. oJ ftitrogea ill eombinalima witA 100 lb •. oJ 
phoapltoric acid per ocre will 2 acre-iracAu oJ tDtJIer per mmatA III 1M hplA oJ 

45 cm.t., ill 20 ImIJll Gild eqUGl b'-lDf41dy doIu. (~pIG""'.) 

1931-32. 

(Average of 10 plants.) 

-
Two inC!hes of water wit.h 

-
Plant Organs. I 100 lbe. 

Water only. PI 0, with l001ba. 40 lbe. Nit.. 
(Control) \40 lbe. Nit- PIOa· rogen. 

rogen. 

Performance before eommencement of tn!atmen,. 

Veget4tive buds •• .. .. .. 109·0 I SO'4 117·' , 114·7 

Flower·buds .. .. .. .. 50·3 18·4 82·9 8li-l 

I I 
.·inal performalll". 

. I 
Vegetati ... buds .. .. . . 296·2 I 074·3 311·0 680·7 

Flower-buds .. .. .. 295·6 597·3 294·0 704·1 

Flowelll .. .. - " .. 127·7 264·0 1%3·3 311·t 

Bolla .. .. ., .. .. 60·6 88·1· 6S'0 109·7 

Total aeed-ooUon in gma. .. .. 91·S 179·5 89·1 !!!S·t 

Seed-cotton in gma. per boll .. .. 1·80 2·04 1·66 2·02 

Percentage BU~ of-

Bud to flower .. .. .. 43·1 «·1 41·' «·1 

Flower &0 boll .. .. . . 39·6 33'4 47·0 I 35·3 

Bud to boll .. .. ···1 17·1 U·8 HI·7 I 10·6 

I 



TABLE No. 282. 

EJJtd 0/ tAt application 0/40 lb •. 0/ ftitrogen inrombimzti<m 1CilA100 1b&. 0/ pAo&p1wric 
acid aM 100 1b&. 0/ pow'" with 2 acre-inchu of u-ater per ,n<mth at Ike tUpi'" of -IS 

("rna., in 20&maU and equal bi-uw:ldy d~e8/rom 26th OdOOer, 1931. (Prol«ted.) 

Plant Organs. 

Vegetative buds 

Flower-buds 

-'---

Vegetative buds 

Flower-buds 

Flowers •• 

BoIls _. __ 

--j 

--I 

Weight of aood-ootton in I 
gms. 

Dry plant body 

Ratio Kapaa wt. 
Body Wt. 

Percentage suooess of-

Bud to flower 

Flower to boll 

Bud to bOll 

1931-32. 

(Average of 10 plants in each l\e't.) 

Two inch~ of water with 

\'fater 88 

control. I Wat .. r with I Potash & 1 ~ater. I Water with 
40 Ibs. X,. Water. .t ~~~. Pc.tMh. 

, . I 

Perionnan<'e oo{c.re corom~n<'ero .. n$ of t~atment. 

109·0 124·7 133·6 124·5 102·8 

50·3 65·1 63·" 45·1 4!l'S 

Final po.'ric.nnan~. 

5s0·7 312·9 652·1 645,7 

295·6 704·5 342·5 743·8 796·6 

127·7 311·0 133·S 345·9 264·0 

50·5 109·7 56·2 111·9 111·5 

91·8 222·0 91,6 :HS·3 :!:!2·3 

52·!! US·2 59·5 160·7 171·7 

1·76 1·5 I' 1·54 1·36 1·29 

43·2 «·1 39·1 46·5 45·3 

39·5 42·0 32·3 30·9 
35·3 

17·1 16·4 15·0 14·0 
15·6 
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.TABLE No. 283. 
Organic and inorganic nitrogen combination 8eries (Green-manure u>ith Dootncha grown 

in 8itu). Spacing 4' X 3' ridges. 
1928-29. 

(Average performance of 10 plants in each set.) 

Vege. Flower- Flow. 
tative 

Percentage succe8S ot 
Treatment. 

buds. buds. ('rs. 
Bolls. 

Seed-

cotton I I in gm8. Bud Flower 
to to 

Flower. Boll. 

Control. 

(Average of control num-
bers 7 & 14.) 474·5 376·9 104·7 37·8 71'() 2'l'8 36·1 

34·7 12·5 Ibs. N. per acre as 723·7 510·8 181·0 62·9 132'9 35.4 
sulphate of ammonia on 
sowing and 25 Ibs. N. per 
acre as nitrate of soda in 
August along with bury-
ing green-manure. 

Bud 
to 

Boll. 

10·0 

12·3 

12·5 Ibs. N. per acre as 773·7 596·0 206·0 72·4 132·5 34·5 35·1 12.1 
sulphate of ammonia on 
sowing and 25 Ibs. N. 
per acre with green-
manure in August in 
combination with 50 Ibs. 
of PIOS per acre as super-
phosphate. 

35·5 Ibs. N. per acre as 593·4 524·2 152·2 53·1 105·0 29·0 34·8 10·1 
sulphate of ammonia on 
sowing and burying 
green-manure in August 

12·5 Ibs. N. per acre as 430·2 321·9 95·9 32·3 65·4 29'6 33·6 9·9 
sulphate of ammonia on 
sowing and burying 
green-manure in August. 

Control 

Green-manure from outside 
buried by the - end of 
September. 

Green-manure by collecting from outside. 

436·0 292'21 74'41 28·9 57·1 

615·3 467·3 121·4 39·8 74·4 

I I 

25·4 

25·9 

38·8 

32·7 

Time of application series @ 50 lbs. N. per acre in the form of nitrate of soda. 

Control .. .. .. 472·6 386·3 102'6 36·4 71·1 26·5 35·4 

On sowing, i.e., in july .. 744·2 586·1 177·4 59·0 126·7 30·2 33·2 

In August .. 763·9 540·3 181·5 59·7 119·3 33·6 32'9 

In October .. 628·6 451·1 139·2 47·0 97·7 30'8 33·7 

--

57·1 

74·4 

9· 

10· 

11· 

10· 

4 

o 
o , 



TABLE No. 284. 
Dry manurial series. 

Yield oJ seed· cotton in Zhs. per plot oJ 72 plants (2 cents) " " ,I't ,I • manure was glven In ,he larm 
OJ m rate OJ soda. I' 

1928-29. 

Block number. 
Treatment. 

I I 
lWlan. 

II. III. IV. 

Control .. .. .. 7·53 10'68 10·08 9·43 

50 Ibs. N. per acre as nit-
rate of soda in July •. 19,80 19·38 16·48 18,55 

50 Ibs. N. per acre as nit-
rate of soda in August •• 15·20 18'40 14·63 16·08 

50 Ibs. N. per acre as nit. 
rate of soda in Oct. 11·53 12·85 14·75 13·04 

Block mean .. .. 13·51 15·33 13·98 14·27 

Analysis of variance. 

Degrees of Sum of 
Due to freedom. squares. 

Between treatments 3 139'599 

Within treatments 8 25·6309 

Between Blocks 2 7·1412 

Random variation 6 18·4897 

Standard residual error of the whole experiment 
Standard error of comparison of two treatment means 
Value of" t" for P=O'05 and 6, the degrees of freedom 
Value for a significant difference between two treatment means 

Conclusicms :-
.All treatments are significantly superior to control. 

Per cent. in-
ere_over 

control. 

.. 
96·7 

70·5 

38·3 

.. 

Variance. 

.46'533 

3·2039 

3·5706 

3·0816 

1'76 
1'43 
2'447 
3'50 

(1) 
(2) 
(3) 

July manuring is significantly superior to October manuring. 
The difference between August manuring and October manuring is not 

significant. 
(4) The difference between Julr manurinS a.nd AU~8t manur~. is not 

si~cant. 



TABU No. 285. 

Pla", per/qrmaflU 0/ dry tnaRurialleriu. Spaciflf 4' x3' rilgu. 

1929-30. 

(Average performanc~ of 20 plants.) 

Percentage BUClOO88 01-
Vege- Seed· 

TreauMnt.. Flower- Flow. tative buds. 81'1J. 
Bolla. ==. B;:,d \Flo:r I B: -- buds. 

I Flower. BolL Boll_ 

Average of two controls •• 1370-81330'2 1 77-71 27.31 03-81\ 23-5\1$-. I I-I 

Time of application series @ 00 Ibs_ N_ per acre .. 8ulphate ol_it!. 

4411-11 422·' '~3 34-7 88-02 21-8- 37-' 
394-1 368-7 84-4 31-2 84-90 23-0 37-0 

October 331·7 314-' 77·3 27-8 M-80 24-6 35-7 

Quantity of application aeries @ 20, 30 and 40 Ibe_ N_ per acre .. sulphate of 
ammonia. 

201be. 

301be. 

401be. 

251b8_ N_ in .July and 
Ii lbe. N. in Auguet 

U-o lbe. N. in July and 
.. 

3Ni lbe. N. in Auguet. 

50 lbe. N ... nitrate of 
soda in August. 

101-4 37-7 78-20 

85-9 28·8 07-40 

78-2 27-3 53-35 

Frequeney of application series. 

409-7 448-21 "-3 33-4 83-32 

3"-0 387·8 72·1 27'0 49-05 

389-9 338'4 68-0 24" 43-62 

July manuring was done on 20th July, 1929. 
August.manuring was done on 6th September, 1929. 

.. OCtober inanUring was done on 5th October, 1929. 

21-0 

18-6 

20·1 

37-2 

33-& 

30-8 

30-4 

38-2 

38-3 

1-2 

1-5 

1-8 

7-0 

'-I 
7-4 
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TABLE No. 286. 

Dry manurial series. 

Yield oj seed-cotton in lb8. per plot oj 126 plants (3'5 cents 
theJorm oj sulphate of ammonia.)' Manure was give1~ in 

1929-30. 

Block nwnber. 
Treatment. 

I I I 
Mean. 

I. n. III. IV. 

50 lbs. nitrogen per acre on 20-7-29 .. 20·75 16'00 14·77 14·36 16'" 

501bs. nitrogen per acre on 6·9·29 ., 16·35 19'66 16'16 15·78 IS'9g 

50 lbs. nitrogen per acre on 5-10·29 ., 14·77 19'03 16·29 16·00 16'52 

ntrol Co .. .. .. .. .. 21·38 13'70 17'20 12·85 16'28 

B lock mean .. .. .. .. 18·31 17'10 16·10 14·75 16·56 
(Mean of aU) 

Analysis of variance. 

Due to Degrees of Sum of "ariance. freedom. squares. 

Between treatments 3 1·0920 0·3640 

Within treatments 12 90·5365 7·5447 

Between blocks 3 27·3672 9·1224 

Random variation 9 63·1693 7'0188 

The residual standard error of the whole experiment. . 2' 65 
The standard error of the comparison of two treatment means l' 87 
The value of " t .. for P=O' 05 for 9, the degree of freedom l' 833 
Value for a. significant difference between two treatment means 3' 42 

ConclUsion :-The difference in yield between any two of the above treatments 
is not significant. 
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.TABLE No. 287. 
Moisture percentag6 in sev6raZ layers oJ tk6 Boil receiving 40 and 200 Zhs. oJ nitrogen. 

p6r acre. 

. Treatment. 

Control .. 
40N. 
200N. 

Control 
40N. 
200N. 

Control 
40N. 
200N. 

Control 
40N. 
200N. 

Control 
40N. 
200N. 

Control 
40N. 
200N. 

Control 
40N. 
200N. 

Control' 
40N. 
200N. 

.. 

1931·32. 

Period ending. 

29/9 I 3/11 117/11 I 3/12\17/12\29/12\ 26/1 I 9/2 

Surface layer up to 10 ems. 

::1 ~~-:~: I I I .. 33·33 

10 to 20 ems. layer. 

I I "1
35

'

87

1 .• 37·93 
.& 37·36 

'20 to 30 ems. layer. 

• '135'50 134'87131'41 'I .. 33·33 32·10 •• 
.. 34·41 32·10 33·69 .. 

30 to 40 oms. layer • 

• '132'45132.45131.231 .. 31·06 32·10 32·28 
.. 32·63 31·58 32'63 

40 to 60 ems. layer. 

1

31.93\30' 89\ 31'06 31·75 
31·75 31·23 "I .. 

L' 

60 to 60 ems. layer. 

/

31'
06

1
30

'55\ 30·89 30·38 
30·72 31·23 .. I .. 

60 to 70 ems. layer. 

.. 
"1 

70 to 80 ems. layer. 

:: I I I 

I 1 I 

I 
1

29' 87 1 29 '87 28.70 30.56 
31'06 29·37 

I I 

\

28'53\29'37\28' 37 127 '39 29·37 29·70 25·94 24·37 
~.~ ~·n ~.~ M·~ 

1

29'63\29'87\28'70 126'26 29'03 29·20 27·39 24'84 
28'20 29·63 27·06 25·9' 

1

30,21 130'38128'20126'7' 
29·53 30'04 27·71 26·74 
~.~ ~.~ H'04 26·U 

I .. 1

29' 63 126 '74 27·88 26·74 
28·37 27·88 
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TABLE No. 288. 

Nitrous and nitric nitrogen in milligrammes per 100 grammes oJ oven.dry 8oil, in 
8everallayer8 of the 80il, in pZot8 receiving 40 and 200 pound8 nitrogen per acre. 

(Uncropped land.) 

1931·32. 

Up to 10 ems. I 10 to 20 ems. I 20 to 30 cms. I 30 to 40 Cms. 
Period ending I 

Con I 40 I 200 len I 40 I 200 I c I 40 '200 I c I 40 I 200 
trol' lbs. lbs. t:al' lbs. lbs. tro~, lbs. Ilbs. t °i' lbs. Ibs. • N. N. . N.. N. 0 " N. , N. I ro., N. N . 

1st September .. 10.593 0·311 0'38'5 0'335'1.IJO. 329 0'328 0·803 0·774 0·541 0·496 0·238 

. &th September .. 0·087 0·063 0·516 0·087 0·476 0·537 0·136 0·705 0·840 0·107 0·137 0·410 

15th September ., 0·370 2'346 1'637 0·408 5·017 4'044 0·304 2·909 1·058 0·317 0·702 0·9!8 

22nd September .. 0·438 2·430 3'014 0·496 7·612 0·558 0·387 3·827 5'401 0·719 1·339 1·100 

29th September .. 1·637 2·428 3'788 1·597 3·573 8'427 0·612 2·161 5·093 1:249 1·592 2'489 

20th October .. .. .. .. 0·474 1·281 6·309 0'470 2·968 3·042 0·349 1·532 2·997 

3rd November .. .. .. .. .. . . .. 0·552 0·296 5·956 0·434 0·307 2·890 

17th November .. .. . , .. .. ., ., 0'726 1·479 8·833 0·593 1·316 3·028 

15th December . , .. . , .. .. . , .. ., " .. 0·334 H)51 3·043 

29th December .. .. .. " . .. . , .. .. .. .. 1·115 1·567 2·236 

! 
26th January .. .. . , .. .. .. .. .. .. .. .. .. .. 

9th February .. . , . , .. .. .. .. .. .. .. .. .. . , 

'. .. 

71 



TABLB No.-288--{conttl.) 

1;V~tr~uj ad n~tric- n~tro1en -in milligrammes per 100 grammu oJ oven.dry 8oil,in 
.83vzra' laYer8.oJ ~he 8oil, in plou receitling 40 and 200 pount16 nitrogen per acre. 

-
Period ending 

1st September 

8th September 

15th September 

22~d September 

29th September 

20th October 

3rd November 

17th November 

15th December 

2 9th Deoember 

26th January 

9th February 

(Unoropped land.) 

19.31.32. 

40 to 50 ems. I 50 to 60 ems. I 60 to 70 ems. 
I 

70 to 80 oms. 

Co I 40 roo t ~. Ibs. Ibs. 
ro. N. N. 

I Con I 40 1
200 I Co I 40 1

200 I Co I 40 r 200 trol: Ibs. Ibs. tro~: Ibs. Ibs. trot Ibs. Ibs. 
N. N. N. N. N. N. 

- -

.. .. .. .. .. .. . . .. .. .. .. .. .. 

.. .. .. .. . . .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. ... .. .. 

.. .. .. . . .. .. .. . . .. .. .. .. .. 

. .. .. .. . . .. . . .. .. . . ., .. .. .. 
•• 2·079 3·025 2·132 .. .. .. .. .. . , . . .. - .. 

.. 0'288 0·192 1'078 0·054 0·628 0'593 .. .. .. .. . , .. 

.. 0·682 0·611 1'065 0·699 0·395 1·769 .. .. .. .. .. .. 

•• 0·389 1'061 2·131 0·386 0·610 1·081 0'333 0·475 0·630 .. .. .. 

•• 0·791 1·509 1·794 0·930 0·988 1'675 0'983 0·973 1·719 .. .. .. 

.. 0·294 0·337 2·321 0·579 0·393 0'743 0·345 0·294 0·197 0·396 0·184 0·664 

.: 0·326 0·621 1·496 0·638 0·587 1·718 0·198 0·293 1·196 0·197 0·275 0·929 
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TABLE No. 289. 

Ammoniacal nitrogen in rmlligrammes per 100 grammes on oven-dry Boil, in Beveral 
layers or the soil, in plots receiving 40 and 200 poondB 01 nitrogen- per acre. 

(Unc~opped l8.nd.) 

i93t~32. 

Up to 10 ems. 
1 

10 to 20 ems. I 20 to 30 ems. I 30 to 40 CmlI. 

Period ending 

C _I 40 1
200 

1 I 40 1
200 

\ 1 40 1
200 

I I 40 I 200 t~i lbs. lbs. f:ol' lbs. lbs. ~l' Ibs. Ibs. f°'i' Ibs. I lb;; . 
. N. N. . N. N. roo N. N. roo N. N. 

1st September .. 5·21 3·34 7·36 5·91 4·83 5·21 3·76 4·83 5·96 4·14 4·14 4·45 

8th September .. 4·45 3·34 8·28 4·78 20·49 5·51 3·76 16·33 4·83 2·91 7·81 3·43 

15th September .. 6'67 10·36 5·89 6·35 5·91 5·96 6·29 5·96 4·14 6·23 4·45 3·34 

22nd September .. 8·27 4·10 5·85 6·67 4·45 4·10 5·16 4·78 8·44 4·83 4·45 4'78 

• 9th September .. 1·52 3·79 4·45 2·30 4·10 6·35 3·37 4·74 5·11 2·94 5·51 3·40 

220d Ootober .. .. 5·11 4·37 3·27 5·11 4·07 3·71 2·61 3·69 .. .. .. 

3rd November .. 5·36 1·52 2·56 5·31 1·88 3·13 .. .. .. .. .. .. 

17th November 4·83 3·11 1·43 4·15 3·48 2·12 .. .. .. .. .. .. .. 

15th December .. .. .. 4·15 3·17 ,·49 .. .. .. .. .. .. .. 

.. .. '·83 3·48 '·15 
29th Deoemlwor .. .. .. .. .. .. .. .. 

2 .. .. .. .. .. . . 
6th January .. .. .. .. .. .. .. 

.. .. .. .. .. .. 
9th February' .. .. .. .. .. .. .. 

I I 



TAllU No. 2S9-{contd.) 

Ammoniacal nitrogen in milligrQfnfne8l'er 100 fPc,w.fnU u, "-1t1·dry loil in .nnoJ 
layers 0/ tlie loil, ~'n ,10t8 rlCf(t:t"r.g '0 ud reo let r,lE C!/ ,.l'i"rctl 1tr acre. 

Period ending 

1st September .. 

8th September .. 

15th September .. 

!2nd September .. 

29th September .. 
22nd October .. 

3rd November .. 

17th November .. 

16th Decenlber ... 
29th Deceznber, .. 

26th January .. 

9th February .. 

40 to 50 CIDS. 

(Uncropped land.) 

1931·32. 

I 50 to 60 ems. 
1 

60 to 70 ems. 
1 

70 to 80 ems. 

eo /40 _1
200 Ie 1

40 
1

200 Ie 1
40 

1
200 

leo 1
40 

1
200

' trot I~t l~. t:ol: I;: l~~. I t:~: l~. l~. trol: l~~. l~ 

.. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. . . .. .. .. . . 

.. .. .. .. .. .. .. .. .. .. .. .. 
2·86 2'88 .. . . .. .. . , .. .. .. .. .. 

4·74 2·66 2·18 3·66 2·62 .. .. .. .. .. .. .. 
3·48 3'85 .. 4·15 3·48 .. .. .. .. . . .. .. 

4·54 3'82 5·92 4·68 2·81 7·29 6'22 2·47 8'25 .. .. .. 

6·17 3·82 2·79 5·17 4·54 3'48 4'15 3·48 2'10 .. .. .. 

7·03 6'89 6·82 6·12 6·25 6·25 7·91 6·63 6'G7 6·89 i·93 8·25 

7·91 7'91 .. 7·li8 7·58 .. 0·89 5·89 .. 0·17 i·17 .. 



T.uu No. 290. 

·Dry manurial aeries. 

Average per/(WmQ,nu 0/20 plant8 receiving 40 Zh8. 0/ nitrogen per acre. 

1930·31. 

I July application. 
-I August application. 

Treatment. I Control. 

On ridges. I In furro~. I On ridges. 
I 

V(lgetative buds .. 316·6 5ll·1 607'65 473·35 

Flower·buds .. .. 235'0 381·1 380'15 358·0 

Flowers .. " .. 93'0 130·7 138'6 129·95 

Bolla .. .. .. 30·7 39·4 39·7 38·66 

Weight in gIllS. of-

Seed·cotton .. .. 66·5 86-0 87·0 86·0 

Plant body .. .. 39·2 86·1 68·3 62'6 

-
Ratio of seed·cotton to 1·70 1·00 1·27 1·3'7 

plant body. 

Percentage success of-

34·3 36·5 36·3 Bud to Hower .• .. 39·6 

30·1 28·6 29·' Flower to boll .. 33·0 

10·3 10·4 10·8 Bud to boll .. .. 13·1 

July manuring was done on 12th July, 1930. 
Aups1; ma.nurin~ was done on 26th August, 1930, 

I In furrows. 

369'6 

257·3 

118·7 

34·'7 

76'8 

63'9 

1·42 

-. 

46·0 

!9·2 

13·6 
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.TABLE No. 291. 

.I!rY. ~anuria.l ~ee. 
A~~age p'erforrn~nce oJ 20 fJlanM receiving 40lbs. oj nitrogen 16r GCnl. 

"1931.32. .. ' . 

. _ .. .. -.---. 

... J 
..lui? application. 

·1 
August 8ppl}~~on • 

Treatment. Control. 

1 In fUl'l'OWII·.1 On ridges. On ridges. 
- ... 

... 

Vegetative buds .. 497·2 619·4 649·9 604·3 

Ftower·buds .. \ . 278·6 422·9 350·0 304·8 . 

Flowei'll .. .. .. 103·5 122·5 129·7 106·8 

Bolls ' . . .. .. 42·5 51·0 51'0 41·6 

.-

Weight in gms. of-

Seed·cotton .. .. 82·1 98·0 99·6 82·8 

Plant body .. .. 51·9 79·7 77·8 63·0 

Seed-cotton 
Ratio .. 1·58 1·23 1·28 1·31 

Plant body 

-

Percentage BUccess of-

; 

Bud to floftr •• .. 37·2 29·0 37·0 35·0 
r . , 

. Flower to :t>o~. .. 41'0 41·6 39·3 39·0 , 

. Bud to boll .. .. 15·2 12·1 14·8 13·7 

July manurmg was done on 15th July, 1931. 
August manUI'ing was done on 27th August, .1931. 

I In furrows. 

611·, 

-
338·9 

121·' 

46·' 

9',8 

68·8 

1·38 

36·0 

38·2 

13·8 



TABLE No. 292. 

Dry manurial series. 

Pr.ogr68siveproducticm 0/ vegetative buds and jlower.1Yud8 in plants receiving 
40 pounds oj nitrogen per acre in July and AugU8t. 

Treatment. 

o ontrol .. .. 
Oontrol .. .. 
40 J.R . .. .. 
40 J.F. .. .. 
40 A.R ..• .. 
40 A.F. .. ..~ 

. 

Control .. .. 
Control .. .. 
40 J.R . .. .. 
40 J.F • .. .. 
40 A.R ••• .. 
40 A.F. .. .. 

1930·31. 

J=;=J1,lly. A=Au,gust. R=Ridge. F=F]lrrow . 

. (Average of 20 plants in each set.) 

Period ending 

9th Sept. 17th Oct. 14th Nov. 2nd Dec. I 30th Dee. 

VEGETATIVE BUDS. 

.. 15·50 63·85 187·10 297,05 337·65 

. . 13,55 56·20 177·05 266·15 293·55 

.. 2-8·3 133·7 390·9 495·7 511·1 

.. 19·50 84·10 302·50 47<1-15 507·85 

. . 15·40 81·76 277·40 433·55 473'·35 

.. 14·1 59·2 217·8 367·4 389·5' 

FLOWED·BUDS. 

0·20 19·40 80·90 204·35 254·30· .. 
.. 0·05 16·45 89·75 180·10 215·'75 

4·6 63·1 231·5 366·5 381·1 .. 
0·75 30·30 135·10 334·10 380· IS .. 

0·20 28·15 140·20 304·50 358·0 .. 
0·1 16·9 87·5 227·8 .. 257·3 .. 

I 



TAlILB No. 293. 

Dry ma.nuria.l series. 

ProgruMve production 01 vegetative buds and flower-buds in plants receiving 40 Zhs. 
01 nitrogen per acre in July and AugU81. 

Treattnent. 

- --

c ontrol .. .. 
o J.R. .. .. 
o J.F. .. .. 

OA.R ••• .. 
40 A.F. . . .. 

- . _. ~ 

-- -- --

nt~l .. .. 
o J.lt. .. .. 

, 
o J.F. .. .. 
o A.R. " .. 
o A.F. .. .. 

1931·32 • 

.1=3uty. A=August. R=Ridg~. F-li'urrow. 

( Ave~age of 20 plants in each set.) 

Period ending 

16th Sept. I 30th Oct. I 1st Dec. \ 29th Dec. I 27tb Jan. I 23rd Feb. 

VEGETATIVE BUDS. 

.. 19·0 140·8 
I 

335·0 449·5" m·2 .. 
.. 36'3 243·8 500·1 593'4 619·4 .. 
. . 16·1 120·9 443·2 600·7 641·1 649·9 

.. 15·8 112:2 417·3 550·3 597'4 60,,3 

. . n·v 103·4 368·2 541'2 601·1 811·S 

FLO\VEB·BUDS. 

.. .. 47,2 167·1 254·8 278·5 .. 

.. 3·7 117·6 321·3 403·0 422·9 .. 

.. .. 44·6 191·2 313·4 343·4 350·1 

.. .. 34·6 162·9 271·1 299'8 304·8 

.. .. 30'7 148·3 277" 327·3 336·' 



Week ending 

19th October 

20th October 

2nd November 

Oth November 

16th November 

23rd November 

30th November 

7th December 

14th December ° ° 

2ht December ° ° 

28th December ° ° 

4th January 

11th January 

1 ~th J anuar)O 

25th January 

lit February 

8th February 

Tolal 

TABLE No. 294. 

Weekly flower.opening and ita relative BUCCe8S in plots receiving 40 lb8. of nitrogen per 
acre at different times and in different positions. 

CONTROL. 

Flowera 
opened. 

0°15 

0°20 

0°05 

0°05 

I 
Relative 

boll 
Buccess. 

0°05 

0°20 0°20 

1°60 

7°25 

12°55 

IS025 

20°05 

12°~;; 

1°10 

5'30 

009U 

J=July. A=August. R=Ridge. F=Furrow. 

(Average of 20 plants in each set.) 
1930-31. 

CONTROL. 40J. Ro 40 Jo Fo 40 Ao Ro I 40 A. F.o 

I 
Flowers I opened. 

Relative I boll 
8uccess. 

Flowera 
openO'Jo I 

RelaUve I 
boll 

success. 
Flowera 
opened. I 

Relative I' boll 
BUCCe5S. 

Flowers 
openedo I 

Relative 
boll 

success. I 
Flowera I 
opened. 

Relative 
boll 

success. 

I 

0°05 

0°10 

0°10 0°10 

0°20 0°05 

2°10 

6°20 

12°00 

17°35 ' 

16°05 

0°95 

4·90 

.,'O.i 

0°10 

0°30 

O'2U 

OoW 

0°10 

0°30 

1°40 

5°00 

21°30 

30°00 

26'~O 

21'70 

!j'itt 

0°10 

0°10 

0°40 

2°90 

11°(10 

14°3U I 
i 

,oW ! 
1°90 

0°05 

0°10 

0°05 I 

0°20 

0°30 

12'lG 

.21°00 

32'05 

0°10 

0°10 

I' ;;1 

9'~1J 

};;' ao 
9°011 

1'7,-, 

0°1;; 

0°20 ! 

I 

0°10 i 

I 
0'00 ! 
3°30 

11°30 I 

1.~040 

20°15 

0°0;; 

0°10 

0°30 

2'05 

12'75 

9'75 

~·80 

UOI0 

o SO 

0°20 0°10 

0°'0 OoSO 

So'O 

9°30 

15°60 

25·'0 

21·S0 

2°10 

6010 

10.10 

12 0 S0 

SoSO 

o·gO i 20 0"U I°:!lI 24°30 1°3;; 22°80 1.20 

0°10 ,10030 u04U 14°45 U045 14°10 0080 

1·0;, 

OoH, 
"" ,:: ..::: "" I ::: "'" 1 __ 0_60_0:_:_I' __ ~_00_1_0_ 
~;'-;;;:;-l:i\MU3W;)-.la;:60::;;:7';-1 12ijog;-l- 38 0 55-1 118"70 I 36.10 80o 7;; 
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12114 K oyembar .. 
IDth Koyembar. .. 
OthDeoembar .. 

ISthDeoembar .. 
10th Deoembar .. 
17th Deoembar .. 
ar4 "aDuarJ' .. 

10th" aDuar)' .. 
17th" &DU&rJ' .. 
Uth"aouar, .. 
Slet "aDurr .. 
7th J'ebruary .. 

Uth I'ebruary .. 
l1etl'~ .. 

Bee' .. 
Total .. 

TABLE No. 295. 

Week1,l flower.opening and ita relative succus in, plota receiving 40 lb,. 0/ nitrogen per 
acre at diJ/erent times and m dil/erent positionl. 

J=JuJy. A=August. R=Ridge. F=Furrow. 

(Average of 20 plants in each set.) 

1931·32. 

• 

COIlDOr.. 40 I.B. I 40 1. 1'. I 40 A.B. I 40 A.I'. 

l'IaIrera IBe=:..~onl J'low_ IB.=:..~onl Flowe .. IBelatl1'8 bonl 1'IaIr_ IBeIa"'" bon I 1'IaIr_ IReIatI1'8 boD OPIllled. OPlllled. oPlIIled, IUcceM. op8Iled. IU_. opeoed. -. 
.. .. 0'1 0'1 .. .. .. .. 0'1 .. 
1'0 0" I'S 0" 0'0 0'2 O'S 0'1 O'S 0'1 

1'1 1'0 S'I 1'0 2'1 1'2 I'S 0" 1'0 0'6 

S" 1'6 6'6 2'8 S'" 2'0 1'2 0'0 1'0 1'2 

7'S 6'2 10'2 7'1 7'0 0'1 "S S'6 6'0 "0 
8'8 7'7 17'1 18'1 11'2 8'1 "S 0'0 '" O'S. 

11'6 "0 10'7 11'7 U'O 8'7 "S 0'1 8" 7'1 

16" "0 28'0 10'0 20'0 11'0 10" 11'1 16" 10" 

10" 6" 20'S S'S 111'6 O'S 18'7 7'6 18'00 ,,' 
17'1 l'S 17'0 0'0 111'0 I" 11'0 1'7 II" S'I 

11'6 1'6 6'7 O'S 10'6 1'6 15" 1'6 18'7 1'1 

0'. 0'" l'S .. 7'0 1'1 ." 1'0 IS" I" 

I'. O'S 0" .. l'S 0'1 1'7 0" ,', 0" 

0'1 0'1 .. .. 0'1 .. 0'1 .. 1'0 0'1 

.. 0'. .. 0'. .. o'a .. o'a .. 0'. 

10a'6 '2'6 I 1111' 6 I \11'0 12e" 111'0 108" '1'0 121" H" 
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TABLE No. 296. 

Dry-manurial series. 

Y ieId oJ seed-cotton in lbs l t (3 . . . per.p:o cents) receu'Ing 20, 30 and 40 lbs 0
' ndrogen per acre. . ~ 

1930-31. 
Manuring in July (J). 
Application on Ridge (R). 

Manuring in August (A). 
Appli t' . f ca Ion ill urrow (F) 

Treatment. 

Control .. .. .. 
20 J.F. ., .. .. 
20 J.R. .. .. .. 
30 J.F. .. .. 
30 J.R. ., .. .. 
40 J.F. .. .. .. 
40 J.R. .. .. .. 
20 A.F. oo .. .. 
20 A.R. oo oo .. 
30 A.F. oo oo .. 
30 A.R. oo oo .. 
40 A.F. oo oo .. 
40 A.R. oo oo .. 

Block mean .. .. 

Due to 

Between treatments 
Within treatments 

Between blocks 
Random variation 

I. 

16·44 
19·25 

16·13 
20·40 

21·58 
21·73 

21·21 
17·99 

14·05 
14·79 

17·23 
16·55 

20·12 

18·27 

Block number. 

I II. I III. I 
12·92 12·78 
17·03 20·00 

18·56 14·18 
15·66 15·i8 

16·93 20·01 
20·37 18·22 

18·48 21·26 
18·13 13·10 

IS'83 14·48 
18·05 15·02 

17·79 15·42 
18·41 20·78 

18·28 23·85 

17·65 17·30 I 
ANALYSIS OF VAlUANCE. 

Degn>es of 
freedom. 

12 
39 

3 
36 

Sum of 
squares. 

157 ·1848 
17:!'8583 

20'08Il 
152·7772 

The standard error of the comparison of two treatment means 
The value of " t " for P=O' 05 for 36, degrees of freedom ., 
Value for a significant difference between two treatment means 

IV. 

14·48 
20·53 

18·78 
18·60 

18·73 
20·48 

19·21 
Ill· IS 

li·53 
21·31 

19·44 
20·34 

18·45 

18·93 

llean. 

14·16 
19·20 

16·!l1 
1i·61 

19·31 
20·20 

20·04 
16·8,; 

16·2:! 
17·211 

17·47 
19·0:! 

211·18 

18·04 
~ean of all) 

Variance. 

13·0987 
4·4323 

6·6937 
4·2438 

1'46 
.1'96 
2'86 
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Oonclusions :-

(1) The following treatments are significantly superior to controIin yield:
(A) 20 J.F., 30 J.F., 30 J.R., 40 J.F., and 40 J.B. 

30 A.F., 30 A.R., 40 A.F., and 40 A.R. 
(B) 20 J.R., 20 A.R., and 20 A.F. are not significantly superior to 

control. 

(2) The following treatments are significantly superior to 20 Ibs. N in July 
on ridge ::--

40 J.F., 40 J.R., and 40 A.R. 
(3) The following treatments are significantly superior to 20 lbs. N in August 

in furrow:-

40 J.F., 40 J.R., and 40 A.R. 
(4) The following treatments are significantly superior to 20 lbs. N in August 

on ridge:-
20 J.F., 30 J.R., 40 J.F., 40 J.R., and 40 A.R. 

(5) The following treatments are significantly.superior to 30 lbs. N in August 
in furrow :--

40 J.F., and 40 A.R. 
The following are the conclusions by arranging the treatments. according to 

quantities (time and place of application being constant) :-

Treatment. Difference in I Difference significant 
favour of. or not. 

July manuring on ridge. 
Not significant. 20 J.R. & 30 J.R. 30 J.R. 

20 J.R. & 40 J.R. 40 J.R. Significant. 

30 J.R. & 40 J.R. 40 J.R. Not significant. 

July manuring in furrow. 
20 J.F. & 30 J.F . .. 20 J.F. Do. 

20 J.F. & 40 J.F ... 40 J.F. Do. 

30 J.F. & 40 J.F ... 40 J.F. D:J. 

A ugust manuring on ridge. 
Do. 20 A.R. & 30 A.R. 30 A.R. 

20 ,A.R •. & 40 A.R. 40 A.R. Significant. 

30 A.R. & 40 A.R. 40 A.R. Not significant. 

August manuring in furrow. 
20 A.F. & 30 A.F. 30 A.F. Do. 

20 A.F. & 40 A.F 40 A.F. Da. 

30 A.F. & 40 A.F. 40 A.F: Do. 
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TABLE No. 297. 

Dry manurial series 
Yield o/seed.cotton in lbs. peT plot .f 4 8'- . . . 

40 lb .f· oJ • i) cents recewlng 20. 30 and 

Manuring in July (J). 
Application on Ridge (R). 

Treatment. 

I. 

Control .. .. .. 27·0 

20 J.R. .. .. .. 31'7 

30 J.R. .. .. .. 33·9 

40 J.R. .. .. .. 38·8 

20 J.F. .. .. .. 29·5 

30 J.F. .. .. .. 32·1 

40 J.F. .. .. .. 41·4 

20 A.R. .. .. .. 32'3 

SO A.R. oo .. .. 36· ) 

40 A.R. .. .. .. 34·0 

20 A.F. .. .. .. 27·8 

40 A.F. .. .. .. 34·2 

Block mean .. .. 33·23 

s. oJ mtTogen per acre. 
1931·32. 

:Manuring in August (A). 
Application in Furrow (F). 

Block 11I1mbfor. 

I II. I III. I IV. I !l1E·Rn. 
I 

31·9 I 23·S 21'4 26'02 

32'2 31·1 30·9 31'47 

36·8 34·9 30·0 33·90 

35·6 3S·3 34·4 36·78 

30'2 29·4 30·2 29·82 

32·7 30·8 28·4 31·00 

39·0 33·4 35·5 37·32 

30·3 32·8 24·3 29·92 

35·6 38·5 33·8 36·00 

32·2 29·4 28·9 31·12 
I 

32·1 29·4 28·4 29'42 

32·7 27·0 26·6 30·12 

33·44 31·57 29·40 31·91 
(MeRn of all ) 

ANALYSIS OJ' VARIANCE. 

Due to Degrees of 
freedom. 

Between treatments 11 

Within treatments 36 

Between blocks 3 

Random variation 33 

Sum of 
squares. 

510·9740 

274·7884 

125·9880 

140·8004 

Variance. 

46·4522 

7·6330 

41·9960 

4·5091 

The residual standard error of the comparison of treatment means. . l' 50 
The value of " t " for P=O' 05 for 33, degrees of freedom .. l' 96 
Value for a si~i1icant difference between two tfeatment means •• 2'9* 
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Cm&rlurions ,'-

(1) All the treatments are signifioantly superior to control. 

Treatment. Inorease over Treatment. Inoreue over 
control % control % 

20 J.R. 20·9 20 A.R. 15·0 

20 J.F. 14·8 20 A.F. 13·1 

30 J.R. 30·3 .30 A.R. 8a·, 
30 J.F. 19·1 Not tried. 

40 J.R. 41·4 40 A.R. 10·8 

40 J.F. 43·4 40 A.F. 15·8 

(2) Comparison of treatments. 

Treatments. Difference in favour of Signifioance. 

20 J.R. I\nd 30 J.R. .. 2·43 30 J.R. Not aignificant. 

20 J.R .. and 40 J.R. 5·31 40 J.n. Signifi('ant. 

30 J.R. and 40 J.R. 2·88 40 J.R. Not aignificant. 

20 J.F. and 30 J.F. 1·18 30 J.F. Do. 

20 J.F. and 40 J.F. '1·50 40 J.F. Significant. 

30 J.F. and 40 J.F. 8·32 40 J.F. Do. 

20 A.R. and 30 A.R. 6·08 30 A.R. Do. 

20 A.R. and 40 A.R. 1·20 40 A.R. Not aignifi('ant. 

30 A.R. and 40 A.R. '·88 30 A.R. Significant. 

20 A.F. and 40 A.F. 0·70 40 A.F. Not significant. 

(3) The following treatments are significantly sUpt'rior to 20 J.R. :-
40 J.R., 40 J.F., and 30 A.R. 

(4) The f,ollowing treatment is significantly superior to 30 J.R. :-
40 J.F. 

(5) No treatment is significantly superior to 40 J.R. 
(6) The following treatments are significantly Buperior to 20 J.F. :-

30 J.R., 40 J.R., 40 J.F., and 30·A.R. 
(7) The following treatments are significantly superior to 30 J.F. :-

40 J.R., 40 J.F., and 30 A.R. 
18) No treatment is signifioantly superior to 40 J.F. 



(9) The following treatments are significantly superior to 20 A.&. :_ 
30 J.&., 40 J.&., 40 J.F., and 30 A.&. 

(IO) No treatment is significantly superior to 30 AR. 

(ll) The following treatments are significantly superior to 40 A.&, :_ 
40 J.&., 40 J.F., and 30 A.&, 

(12) The following treatments are significantly superior to 20 A.F.:-
30 J.&., 40 J.&., 40 J.F., and 30 A.&, 

(13) The following treatments are significantly superior to 40 A.F. :_ 
30 J.E., 40 JR, 40 J.F., and 30 A.&, 

TABLE No. 298. 
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1:fJecl, of the application of green-manure (1J.:ad, wild Indigo and f.,'did) il~ de>;p 
trenc"he8 (60 C11l$.) 

Organs. 

(Average of 5 plants in each set.) 

Contro\. 

1927-28. 

@ 16,000 I 
100. per I Control. 
acre of I 

Dhaincha. I 

I 
FINAL PEBFOB1HNCE. 

1 
0) 13,600 
100. per I 

acre of Co!ltrol. 
wild 

Indigo. 

1'!J6.IH 
Ibs. per 
acre of 
Udid. 

Vegetative buds .. 
I 

1215·2 I 1273·2 I 1120'S 1156-6 949-!! 1262·6 

:. 'Iower-buds 

:. 'lowers .. 
lis o. Eo 

Seed -cotton in gills. 

"I 
"I .. 

I 
Percentage success or-I 

Bud to flower -. 
Flower to boll -. 
Bud to boll o. 

587·6 8;!'&·2 

20'&'8 285·(; 

79·2 112·2 

150·22 216·87 

I 
3,1·8 3,1·6 

38·6 39·3 

13·' 13·6 

I 

(;0,&·8 I (;08·6 454·!) 
I 

651·!! I 

I 
202·,& 

I 
190·;! l-l7'0 205·;! 

78,,& 73·8 62'0 77-,1 

136·10 I l-l9· '&8 118·08 153·2,& 

I I 

i 

'0·0 37·3 31·6 31·' 

38·8 38·8 '2·1 37·7 

15·5 U·5 13·3 11·8 

I 
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TABLE No. 299. 
Yield of Beed-cotton in lbs. per lot of2 centB receiving green-manure and nitrogen. 

1928-29. , 

I 
Block number. 

I 
Per cent. 

Treatment. Average. increase 
II. I III. I IV. over 

control. --
Average of two control-

plots situated on either 
8'66 10·84 10·58 10·03 .. 

side of -green·manure 
series. 

12 . 6 lbe. nitrogen per 15·60 19·00 13·10 15·90 58·6 
acre as sulphate of am-
monia on sowing and 
25 Ibs. nitrogen per 
acre with green-mao 
nure August. 

12· 5 lbs. nitrogen per 13·93 18·13 .16·90 15'99 59·4 
acre as sulphate of am· 
monia on sowing and 
26 lbs. nitrogen per 
acre with green-mao 
nure in August in com· 
bination with 60 lbs. 
of PliO. per acre. 

12·18 21'4 37·6 lbs. nitrogen per 10·20 14·50 11·83 
acre as sulphate of am· 
monia on sowing and 
green-manure in Au· 
gust. 

12·6 lbs. nitrogen per 10·93 11·16 10·63 10·90 8'7 
acre as sulphate of am· 
monia and green-rna· 
nure in August. 

TABLE No. 300. 
Total bud and boll-shedding in five plantB defoliated partially or wholly. 

1923-24. 

Treatment. 

Days after operation. Complete 

I 
Defoliated I Undefoliated 

defoliation. side. t side. 

3 .. .. .. . . " 94 48 14 
6 " " " " " 158 26 1 
7 .. .. " " .. 82 29 13 
6 .. : . .. .. . . 26 46 10 

11 .. " .. .. . . 26 5 20 
14 .. .. " .. .. 31 17 2 
17 .. .. .. .. .. 13 10 .. 
19 .. " .. " .. " 11 3 
22 .. " .. .. .. " 4 2 
24 .. .. .. .. . . " 3 2 
26 " .. " .. .. " 1 2 

'fotal " 430 200 69 



3 
2 

2 
2 

2 
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TABLE No. 300-(contd.) 

TotaZ burl anrl boll'8hedding in five plant8 defoliated in their different parts. 
1923·24. 

Days ~ er of plant ower. a Days ~ ter of the lant The uppar half ft I Upper half I L h If I f I Lower half I 
operation. (defoliated). (undefoliated). operatlOn. (defol!ted). (undefoliated). 
-

2 .. 17 8 2 37 .. 4 .. 17 .. 4 6 2 
6 .. 9 3 7 20 6 9 .. 45 .. 9 24 10 

13 .. 16 .. 11 17 3 16 .. 67 6 U 16 68 

18 .. 65 25 16 6 1 :10 .. 28 43 18 .. j 

23 .. 14 11 21 2 .. 
23 9 11 

25 1 2 
,-~.- .-. _ .. ------

Total .. 278 96 Total .. 138 96 

TABLE No. 301. 
.Average progressive production of vegetative burls in de· building 6Xl'er'ments. 

(Protected plants.) 
1930·31. 

I 
Flower.buds removed up to 

Period ending Control. 

I I I 31.10·30. 4·12·30. 1.1·31. 29.1·31. 

13·0 12·0 12·6 14·4 13·2 5th September .. 
65·2 54·9 61·6 66·5 54·2 3rd October .. ., 

159·7 150·7 173·1 169·4 H4·4 1st Ootober .. .. 
227·0 258·0 249'8 222·4 8th November ., 228·7 

232·1 259·2 335·1 324·7 303·. 6th Deoember .. .. 
262·4 348·6 372·4 352·4 3rd January .. .. .. 

382'6 414·4 Oth February .. .. .. .. . , 
426'8 .. .. 20th March .. .. .. .. 

-----------
umber of plants under 

10 10 9 6 study .. .. 10 
N 

73 
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TABLE No. 301-(conld.) 
Average progressive production oj vegetative buds tn de· budding fzperimenJ8. 

(Protected plants.) 
1931-32. 

Period ending Control. I 12·11·31. I 3·12-31. I 31-12-31. I 28-1-32. 

17th September .. lli·1i 14·4 13·2 12'8 13·15 
1st OctOber .. .. 41'0 31i·1i 29'9 21i·7 32'5 

22nd October .. .. 100·0 00'0 78·1 67·8 84·0 
29th October .. .. 124·6 106·0 03·6 81·5 103·7 

5th November •. .. 139·8 127·2 114'4 97·0 117·6 
12th November .. 160'0 160·0 1«·6 125·6 152·3 
10th November " 203·0 211·2 191·2 166·0 211·15 
31st December .. .. 321'5 347·8 397·9 31i8·2 402·9 

27th January .. .. .. 350·0 427·7 398'8 553·'3 
25th February .• .. .. .. .. 413·2 620'7 
11th March .. " .. .. .. . . 634·2 

Number of plants under 
study .. .. 10 10 9 )0 10 

TABLE No. 302. 
Weekly average flower-opening and its relative boU SUCGe8. in sets oj ten protected planu 

whereflower-buil& were removed, once a week, Jor varying period •. 

Control. 

1930-31. 
Buds removed 
up to 4-12·30. 

Bud. removod 
up to 1-1-31. 

lIuda removed 
up to 119-1·31. 

Weell; endinll 

Buds removed 
up to 31-10·80. 

--.,----1 
Flowers IRelative Flowers IRelatlve Flowers IRelatiVO 110WOlllIRelat.lve FloWOlIIIRelatlTe 
opened. boDs. opened. boDs. opened. boDs. opened. bolls. opened. boDs. 

IDth ()ctcber • • o· 4 
6th ()ctcber • • 10' 9 
IInel November.. 17'0 
DthNovember.. 10'8 

16th Novamber 2'1 
28rc1 November 4'5 

30th November 
7th Deoember •• 

14th Deoember •• 
21Bt Deoember •• 
28th December •• 
4thlanuuy •• 

11th lanuary •• 
18th l anuary •• 
15th lanuary •• 
lit February •• 
8th February •• 

15th February •• 

22nd'P'ebruary •• 
. 1st Marcil. 
SthMarcb 

15th March 
220dMarch 

Total 

7'5 
15-6 

·13-9 
9-5 
3-6 
1'0 

0'8 
0-1 

96-7 

0'4 
15'4 
20'7 
28·0 
26'5 
16'5 

4'8 
0'0 
0'1 

- .. .. .. .. .. .. 

2-2 
20'6 
U'S 
llJ-2 i-. 

0·2 

1'6 
13·. 
i-I 

46'3 117'9 ~""i'48-7 --;aT llH 8;8--sz.a zo:e 
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TABU No. 303. 

W ukly at:eTage Jlou:er·opening and its relative bolllJ'UCCe8s in set8 of ten protuted plant, 
u.'here Jlower-buds were removed, once a wuk, for varying periods. 

1931-32. 

ControL Buds remoTed Buds removed 
np to 12-11-81. np to 8-12-81. 

Week ending 
Flowera.\Relatlve FIowera \Relatlve FIowera IRelatlve 
opened. bolls. opened. bolls. opened. bolls. 

22Dd NOTember 0·1 

29tb NOTember 2·' 20 

Otb December •• 0·0 

13tb December •• 13·2 95 0·3 0·2 

!Otb December •• 19·0 14·6 13'7 12'2 

27tb December •• 27·5 22·6 

Srdlanuary •• 22·0 9·2 0'6 0·3 

10th lanuary •• 23·6 0'7 0'6 11' Ii 11-2 

17th lanuary •• 17·, 0" 0'5 84'6 31'1 

Utblanuary •• 0·1 13'7 0·2 

31st laouary •• 1'0 0'1 o 1 

7tb February •• 0·1 0-1 27-8 

14tb February •• 

21st February •. 0·3 

2I!tb J'ebruary •. 

6thMareb 

13th Marcb 

20tbMarch 

FIowen IRelatlve 
opened. bolla. 

0'8 

5'8 

I 3;;'1 

60'3 

47·1 

170 

0'6 

5·S 

9'1 

0'3 

O'i 

l'Iowers IRelatlve 
opened. bolla. 

.. i .. 

lIQ'7 23'6 

11'8 

1-2 

11'l! 0'% 

0'1 
27tb March 

Reat 

Total 

.. .-

MO, I ... :, ~:. 'n:.1 .:0: '''' FI ~:, I 
•• 1311-2 

41'1 
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TABLE No. 304. 

Average plan' performance under boll-worm-dIlmage.imitation experimentl 
'carried out on protected plant8. 

1929.30. 

- ' Protected. 

Un- -
Organs. protected. 

J 
Shoot Flower-bud 

Control. damage damage 
imitation. imitation. 

Vegetative buds .. .. .. 311·5 277·6 268'0 249'0 

Flower-buds' .. .. .. .. 212·6 274·8 233·4 2i7'2 

Flowers . . .. .. .~ .. 61·g 144·9 121,1 '71''7 

Bolls .. .. . . .. .. 20·6 45'6 37'9 29'4 

Pereentage'success of-

Bud to flower .. .. .. 28·8 52·7 51·9 25'0 

Flower to boD .. .. " 33·7 31'5 31·3 41'0 

Bud to boll .. .. . . 9·7' 16·6 16·2 10'2 

Weight in grammes of-

Seed-cotton .. .. . . 41·1 92·7 83·6 60'2 

Dry plant" .;. .. .. .. 36'0 44·5 40·7 46·6 

R t' rSeed-ootton 
a 10 0 Dry plant .. .. .. 1·14 2·08 2·05 1·3 

Number of plants studied .. .. 8 8 8 8 

'!I -
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TABLE No. 305. 

Average plant perJotmance under boll.worm.damag'e.imitation expl!rimenu farried out 
on protected plant8. 

1930·31. 

. Protected 

Un· 
Organs. protected. Shoot Flower·bud 

Control. damage damage 
imitation. imitation. 

-
Vegetative buds .. .. .. 324'5 232·1 2~6'4 201·2 

flower·buds .. .. .. .. 286·3 254·6 241\01 315·5 

F'loWers .. .. .. .. .. 85·8 I 96·7 88·6 85·2 

:Bolla . . .. " .. .. 28·3 46·3 41·6 28·8 

Percentage Success of-

Bud to fiower 30·0 38·0 36'0 27·0 .. .. .. 

Flower to boll 33·0 47·9 47·0 33·8 .. .. .. 
9·9 18·2 17·0 9·1 Bud to boll .. .. .. 

Weight in grammes of-

60·3 84·4 81·0 61·75 
Seed·cotton .. .. .. 

43·8 46·85 39·35 43·85 
Dry plant .. .. .. 

Seed·ootton 1·38 1·80 2·06 1·4l 
Ratio of Dry plant .. .. .. 

10 10 10 10 
Number of plants studied .. .. 

l _ _ j 
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. TABLE No. 306. 

Average plant performance under boll-worm-damage-imitaticm experimmla CM'rie4 O'Ut 
on protected plants. 

,1931-32. 

- Protected. 

Un-
Organs. protected. Shoot Flower·bud 

Control. damage. damage 
~itation. imitation. 

Vegetative buds .. .. . . 369·4 287·2 336·2 442·3 

Flower·buds .. .. .. .. 205'2 288·2 265·6 480·4 
-

Flowers .. .. .. .. .. 65·7, 121:9 115·8 116'0 

Bo~ .. .. .. . . .. 30·6 44:9 4~·.1 .' 44·3 

Percentage success of-

Bud to flower .. .. .. 32'0 42:3 43·6 24·3 

Flower to boll .. .. 46·6 
" 

36:,8 38·1 38·0 

. Bud to boll. .. .. " 14·9 15:.6 16·6 1)·2 .. 

Weight in grammes of-

.Seed·cotton .. .. .. 53'45 8~·1 80'85 90·55 
, , 

Dry plant: ,,- .. .. .. 28·90 4~'8 .. 46·50 68·90 

R t' f Seed·cotton 
a 10 0 Dry plant .. .. .. 1·85 I:S8 1·74 1·31 

Number of plants studied .. .. 10 10 .10 10 
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TABLE No. 307. 

AverCige flower-opening tn 8hoot ana flower-fnul-damage-imitation experimentB. 

1929-30. 

Proteoted. 

Weekending 
Flower·bud 

Control. Shoot damage damage imitation. imitation. 

20th October .. .. " " 0·1 0·5 .. 
27th October .. .. .. .. 1·0 1·2 .. 

3rd November .. .. .. 1·8 2·0 .. 

10th Novembsr .. " .. 6·2 10·1 0·6 

17th November ., " .. 23·5 28·0 5·4 

24th November .. " .. 42·2 31·1 lJ·O 

1st Deoember .. .. .. .. 37·3 25·9 8·6 

26'0 15·6 8·9 8th December .• .. " .. 
6·8 5·4 10·0 15th December .. .. " .. 

0·9 . .. 10·2 22nd December . , .. .. .. 
0·1 6·1 29th December ., .. .. .. .. 

.. '·6 5th January .. .. .. .. .. 

.. 3·8 
12th January .. .. .. .. .. 

.. 1·6 
19th January .. .. .. . , .. 

0·9 .. .. 26th January .. , .. .. .. 

8 8 8 Number of plants studied .. .. 

144·9 121·1 71·7 
Total .. 
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TABLlI No. 308. 

Average flower-opening in 81wot and jtower-bud-damage-imitation experimenl8. 

1930-31. 

(Average of plants in each set.) 

Protected. 

Perio4 ending I Shoot. damage Flower·bud 
Control. damage imitat.ion. imitation. 

I 

19th Ootober .. .. .. .. 0·' 0·2 .. 
26th October .. .. .. .. 10·9 S·2 11-1 

2nd November •• .. .. .. 17·0 9·3' 0·3 

9th NOV9mber .. .. . . 10·3 8·8 o·a , 

16th November .. .. .. 2·1 2·6 . . 
23rd Nevetnber .. .. .. '·5 f·9 . . 

30th November .. .. .. 7·5 7·3 . . 
7th December •. .. .. . . 15·6 13·3 1·7 

Hth December .. .. .. . . 13·9 14·1 6·0 

21st December .. .. .. . . 9·5 10·2 10·7 

"8th December .. .. .. . . 3·6 7·2 17·7 

'th January 1·0 . 3·9 17·8 .. .. .. .. 

11 th January .. .. . . .. 0·3 0·6 17·6 

1 8th January .. .. .. .. 0·1 .. 7·9 

5th January .. .. . . .. . . .. '·2 2 

1st. February .. .. .. .. . . .. o·g 

-- . 

Total .. 96·7 88·6 85·2 
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TABLE No. 309. 

Average Jlower-openillg in &OOoe andjWwer-bud-damage-imitatW1i uperimtnl8. 
1931-32. 

(Average of 10 plants in each set.) 

Protected. 

Period ending 
Shoot damage F1ower-bud Control. 

imitation. .~ 
l!Il1tailon. 

22nd November '- . - .. 0·3 0·1 .. ---

29th November .. . - .. 2·9 1·6 .. 
6th December ". _ .. .' ., 7·3 6·0 0'1 

13th December •• " -. .. 9·6 S'5 0·3 

20th December " " .. .. 15·2 12·9 1·3 

27th December " .. .. .. 23·S 18·7 4·1 

3rd January " " .. -- 18'5 IS·6 5·4 

10th January .. " .. .- !'!l·1 IS·7 9·9 . 
17th January " " .. .. 13·1 1-6·5 13'8 

24th January " '- .. .. 7·9 10·2 19·6 

31st January .- " .. .. 2·0 4·4 17·3 

7th February " .. .. .. 0·1 1·4 16·6 

0·1 0·1 13·1 lith February " .. .. .. 
0·1 7·2 21st February .. . - .. .. 

" 

-. 8·3 ., .. 28th February .. .. 
1·4 .. ., 6th :March -. .. .- .-

-' 0·4 .. 13th:March " .. . , .. 
121·9 116·8 116·5 Total ., 



586 

• TABLE No. 310. 

Flower.opening and its relative bolls in bud.damage-imitation ezperiments. 

1929·30. 

(Average of 8 pla.nts in each set.) 

Protected with 
Unprotected. Protected. damage imitation 

. Week ending 
to buds only . 

Flowers I Relative 

I Flowers 1 Relative I Flowers I Relative opened. bolls. opened. bolls. opened • bolls. 
. . 

. , 
20th October .. 0·1 .. 0·1 0·1 . . . . 
27th October .. .. .. 1·0 ·0·9 .. .. 
3rd November .. 0·4 .. , 1·8 1'5 .. .. 

10th November .. 1'9 0·2 6·2 ·5·4 0·6 0·5 

17th November .. 5·2 1·1 23·5 ll·7 5·4 4·1 

24th November .. 6·5 2·2 42·2 24·4 11·0 8·7 

1st December .. 6·2 3·4 37·.3 1·5 8·6 5-9 

8th December .. 7·5 4·1 26·0 .. 8·9 3·6 

15th December .. 7·4 3·6 6·8 0·1 10·0 2·5 

2200 December .. 7·5 2·1 .. .. 10·2 1·3 

29th December .. 4·4 1·4 .. .. 6·1 1'0 

5th January .. 6·1 0'7 .. .. 4'6 0·3· 

12th January .. 5·1 1·0 .. .. 3·8 0'9 

19th January .. 2·6 0·6 .. .. 1·6 0·' 

. . 
26th January .. 0·2 .. . . .. 0·9 0·2 

... . .. 

Total .. 61·2 20·6 144·9 45·6 71·7 29·' 

.. 
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TABLE No. 311. 

Flower.opening and its relative boUs in bud·damage.imitation uperiment8. 

1930·31. 

(Average of 10 plants in each set.) 

Protected with 
Unproteoted. Protected. damage imitation 

to buds only. 
Week ending 1 

I I 
Flowers ~ Relative Flowers Relative Flowers Relative 
opened. - -bolls. opened. bolls. opened. bolIs. 

i 

-.. 

19th Ootober .. .. .. .. 0·4 .. .. .. 
26th October .. .. 0·9 .. 10·9 2'8 0·1 .. 
2nd November .. 1'7 .. 17'0 8'7 0'3 .. 
9th November .. 0·5 .. 10·3 9·2 0·3 0·2 

, 

16th November .. 0·3 .. 2·1 1'4 .. .. 
23rd November .. 0·4 0·3 4'5 2'6 .. .. 

30th November .. 1·4 0'8 7·5 4'7 .. .. 
7th December •• .. 3·3 2·3 15·6 9'0 1'7 1·'1 

14th December .. .. 8·8 7·2 13·9 6·2 6'0 ~'6 

13·2 9·9 9·5 1·5 10'7 8·3 21st December . , .. 

28th Deoember •. .. 18·5 6·2 3·6 0·2 17·7 7·4 

1·1 1·0 .. 17'8 4'4 4th January .. .. 16'5 

0·3 0·3 17'6 1·1 
11th January 12·5 .. .. .. 

0·2 0·1 .. 7·9 .. 
18th January .. .. 7·1 

.. 4·2 .. 
25th January 0·7 .. .. .. .. 

.. 0·9 .. 
1st February .. .. .. .. 

0'1 .. .. .. 
Rest .. .. .. .. . , 

-
96·7 46·3 85'2 28·8 

- Total 85·8 28·3 ., 



TABLE No; 312. 

Flower.opening and-its rel~tive bol~ in btul.damage.imitati01l. experimentl. 

1931·32. 

Week ending 

22nd November 

29th November 

6th December " 

13th December " 

20th December " 

27th December " 

3rd January .. 

10th January .• 

17th January .• 

24th January .• 

31st January 

7th February " 

14th February .. 

21st February " 

28th February .• 

6th March 

13th March 

Rest 

Total .. 

(Average of 10 plants in each-set.) 

Unprotected, 

Flowers-' 
opened. 

0·1 

0·6 

1·6 

3·4' 

5'8 

H·5 

8·3 

8'5 

10·9 

7·8 

4·3 

2·3 

0·6 

65·7 

Relative 
bolls. 

0·1 

0·4 

1·0 

2·8 

4·4 

8·8 

1·1 

1·2 

0·4 

30·6 

Protected. 

Flowers , Relative 
opened. bolls. 

-.. 

0·3 

2·9 

7·3 

9·6 

15·2 

23·8 

18·5 

21·1 

13·1 

7·9 

2·0 

0·1 

0·1 

121·9 

0·3 

2·2 

5'7 

0·2 

0·1 

44·9 

Proteoted wi~h 
damage imitation 

to buds only. 

'.Flowers -I Relative 
• opened. bolls. 

0·1 

0·3 

1·3 

4·1 

5·4 

9·9 

13'8 

19'5 

17·2 

16'5 

13·1 

7·2 

6·3 

1·4 

0·4 

116·5 

0'.1 

4·9 

8'2 

8·1 

"'0 

3·8 

3'2 

2·3 

1·1 

0·1 

0·1 
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TABLE No. 313. 

Weekly average flower. opening and ita relative boll B1tcce811 in ,eta oJ 10 protected plantJ/ 
where flower·budl were removed on a lIingle day to imitate the damage by the 'form. 

1931·32. 

Control. I 
Buds removed , Buds removed I Buds removed 

on 4·12.31. on 18·12·31. on 31.12·31. 
Week ending 

I"~"W I' I"~"W I 1"·oW I 1"-oW Flowers success Fowers success Flowers success Flowers success 
opened. of bolls. opened. of bolls. opened. of bolls. opened. of bolls. 

I 
22nd November •• 0,1 0·1 0·6 0·6 .. . . 
29th November .. 2,4 2,0 2·4 2·2 1·9 1·2 1·3 1'0 

6th December .. 6'6 5'4 7·4 6·7 6·6 5·0 6·5 5'4 

13th December " 13'2 9'5 .. .. 11·5 7·4 12·1 8'5 

20th December " 19'0 14·6 .. " 16'0 14·4 18·4 13·2 

27th December .. 26·4 17'4 . , .. ., .. ,23·2 15'3 

3rd January " 22'0 4·4 .. .. .. ., 20·0 4'4 

lOth January .. 23'6 0·7 7·7 7·6 .. .. .. .. 

17th January " 17·' 0·4 25·9 23·9 0'7 0·5 .. .. 
24th January .. 7'4 0·1 32·4 14·9 8·2 7·4 .. .. 

31st January .. 1·0 0·1 29·7 0·7 17·1 15·2 .. .. 
25·1 0·4 13'4 5·2 0·2 0·2 . 7th February .. 0·1 ., 

7·8 9·7 0·6 " .. 14th February .. .. .. .. 
0·6 3·8 .. .. .. 

21st February .. .. .. .. 

O:~ .. .. 
28th,~ebruary .. .. .. . , 

0·4 0·1 .. O~~ .. 
Rest " 

., .. .. .. .. - - ----------
57·1 89·1 117·1 81·7 48·' 54·7 139·6 Total .. 139·2 



T4BLJII No. 314. 

WeeklV prod1lCtion 0/ flower8 and their relative 1'UCCe88 into bolls in defloration experimentl. 

Week ending 

19th Ootober .. 
26th 'Ootober .. 
2nd November •. 

9th November .. 

16th November •• 

23rd November •• 

30th November •• 

7th December •. 

14th December •. 

21st December .. 

28th December .. 

4th January .. 

11th January .. 
18th January .. 
25t,h January " 

1st February .. 
_ nwz=- ~ 

Total .. 

Control. 

Protected plants. 

1930·31. 

(Average of 5 plants.) 

I Flowers removed I Flowere removed I Flowere removed 
up to 16·11·30. up to 7·12·30. up to 21.12·30. 

wers BUCDeSS Flowers BUCCesS Flowere Bueoess owere aUOOBB8 .,. IBo~"W I IBoI· ... 1 IRokMn I " IRo~un 
opened. of bolla. opened. of bolla. opened. of bolla. opened. of bolla. 

.. .. 1·4 . . 1·0 .. 0·6 .. 
1i'4 .. 10·2 .. 11·6 .. '7·6 .. 
'7·2 4·0 20·4 .. 11·6 .. 11·2 .. 
3'8 3·6 8·8 .. 8·8 6·6 .. 
0·4 0·4 0·2 .. 2·4 .. 0·2 .. 
3'8 3·2 1,6 1'4 4·4 .. 2·2 .. 
6'2 4·8 7'2 6;2 6·8 .. 4·2 .. 

22'2 16,6 16'0 12'6 19·2 .. 13·0 .. .. 
22·8 9·6 27·6 9·0 25·8 25·4 22·8 .. 
16·8 1·2 21·6 0·4 29·2 12·8 24·8 .. 
13·2 0·4 27·8 .. 30·8 0" 31·4 29'0 

8'2 .. 13·6 1·0 20·6 .. 18·4 '7'2 

1·2 .. 2·6 0·2 5·2 .. 18·0 .. 
.. .. 0·2 .. .. .. 12·4 0·2 

. . ; .. .. .. .. .. 4·' .. 
.. .. .. .. .. .. 0·6 .. 

_ .. 

108·2 42·8 159·2 30·8 177·4 38·6 177" 36·' 
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TABLE No. 315. 

Weekly average flower-opening and its relative bOU-8UCCe8S in sets oJ protected plant. 
where flowers were daily removed Jor t'arying periods. 

1931·32. 

(Average of 10 plants.) 

Control. I Flowers removed I Flowers removed I Flowers removed 
up to 31·12·31. up to 27·12.31. up to 10.1.32. 

Weekending 

Fl l""l'''W I .1 l""la"W I FI IRol."W I Fl IRoI."W owers success owers success owers success owers success 
opened. of bolls. opened. of bolls. opened. of bolls. opened. of bolls. 

15th November •• .. .. .. " 0'1 .. " .. 
2211d November •. 1'5 1·2 0·5 " 0·9 .. 0·8 .. 
29th November •• 4'2 3'11 5·1 .. 6·1 .. 6·2 .. 
6th December .• 8·8 6'3 11·1 " 13'9 .. 10·8 .. 

13th December •• 12'5 7·9 19·1 .. 16·5 .. 13·4 .. 
20th December " 19·4 11·5 24'8 22·7 22'3 .. 17·2 .. 

27tb December .• 24'0 12'7 33·6 25·8 31'2 .. 22·5 . . 
3rd January .. 19'5 1'5 24·8 3·4 25'6 25·0 19·7 .. 

lOth January " 16·3 0·3 26·4 .. 24·3 19·9 18·7 .. 
17tb January .. g·O 0'8 16·9 .. 23·2 1·7 19·5 19'2 

0·5 7·7 19·9 ·0·2 14·7 12·1 24th January .. 4·5 .. 
311t January 0·5 9·1 .. 12·9 2·2 .. 1·3 0·1 .. 

-' 

3·2 .. 10·9 0·2 7th February .. 0·4 0·2 .. .. 
0·4 .. 8·8 .. 14th February .. 0·4 .. .. .. 
.. .. 1·3 .. 

21s~ .February .. .. .. .. .. 
0·4 0·2 .. 0·1 0·6 .. Beet • i .. .. .. 

.......--.... - -
52·3 196·7 47·0 177·' .13,8. 

Total 121·8 47·2 170·5 .. 
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. 

Weekending 

27th October .. .. 
3rd November .. .. 

lOth NoveIJ!,ber .. .. .. 
17th November .. " .. 
24th November .. .. 

1st Deoember .. .. 
8th December .. .. 

15th December .. .. 
22nd December. ., .. 
29th December .. .. 

, , , 

5th January .. .. 
12th January .. .. 
19th January .. .. 
26th January .. .. 

Totai· .. .. 
Flowers removed .. .. 
F10vers remaining •• .. 

, Success per cent. .'. .. 
Plants under study .. 

TA.BLB No. 316. 

Results oj defloratiOn eXperiments. 

(Unprotected plants.) 

1925-26. 

Flowers removed 
Control. up to 15th 

December, 1925. 

Flowers removed Flowers from 16th 
December, 1920 removed 

to 19th January, till the 
. 1926. end. 

Flowers IRelative I Flowers lRelative I Flowers IRelative I Flowers 
opened. bolls. opened. bolls. opened. bolls. opened • 

" .. . , 
0·4 .. . . . . .. .. .. 
0·4 .. 0·1 . . .. .. .. 
1'0 0.·2 1'2 .. 0·8 0·' .. 
2·6 1 .. ' 2i' .. 1·& 0·8 0·2 

10·6 7·2 7'7 .. &.g "6 .7·2 

11·4 8'6 10'7 .. 10·1 7·7 13·8 

18·0 8·0 23'0 . . IN; 11·0 17·2 

16·4 4·6. 22'0 . . 15·3 7·2 20·0 

12·8 1·2 13·7 11·1 13·9 .. 18'8 

5·4 0·4 10'2 12·2 12·2 .. lB·2 

4'6 .. 15'6 7·1 8·2 -. 18·2 
'- . . -

0·2 .. 6·4 0·7 1·2 .. 8·6 

" . . 4·2 0·5 0" .. - - .·6 .. 

.. . -. 0'3 0·1 . . " 
1,2 

. . ' . 
83·8 31·6 128'0 31·7 87·0 31·7 12,8'0 . - .-.. .. 72'6 .. 30·9 .. 128·0 

.. .. 50'" .. 5],·1 . . -.. 
--..-

37'7 24·7 36·4' - .• - ---
S 10 lO- S 



Week ending 

-

2nd Novembl'r .. 

9th November .• 

16th November .. 

23rd November .. 

30th November .. 

7t·h December •. 

14th Docember .• 

21st December .. 

28th December .. 

4th January .. 
11th January . , 
18th January .. 
25th January .. 

1st February .. 
8th February .. 

Total .. 

Su~cess per cent .. 

Flowers removed 

71; 

TABLE No. 317. 

ResuUa 01 defloration. experiments. 

(Field cage plants.) 

1925-26. 

(Average of 5 plants in each set.) 

Removal of Removal of 
Control. November December 

flowers. flowers. 

593 

Removal of 
January 
flowers. 

Flowers lRelative I Flowers IRelative ! Flowers !Relative I Flowl'rs !Relat,ive 
opened. bolls. opened. bolls. opened. bolls. opened. bolls. 

2·2 0·8 2·8 .. 0'4 0·2 0·4 0··' 

3·4 1·2 15'4 .. 4'0 1·6 4·4 1·4 

3·2 " 15·4 .. 5'8 0·6 8·0 0·4 

3·4 1·6 18·4 .. 4'6 3·0 5·0 3·4 

0·4 0·2 4·0 .. 0·6 0·6 .. " 

4·0 3·6 6·2 5·2 4·4 .. 3·!! :l·8 

6·4 5·0 7·0 5'8 8'2 .. 5·0 4·8 

9·4 5·6 10·0 6'6 13·8 " 8·8 6·6 

13·0 7·2 16·4 10'6 23'0 .. 23·2 16·8 

25·2 13·0 35·6 18·6 17'6 15·2 18·2 11·6 

13'0 5·4 20·8 6·2 19·4 16·8 38·0 .. 
9·6 2·8 14·8 2·4 15·6 5·6 18·6 .. 
6·8 1·2 4·6 0·2 8·2 0·6 5·0 .. 
2·4 0·6 1·6 " 1·6 " 00·8 " 

.. .. 0·2 .. " " " " 

---------------
102·4 48·2 173·2 55·6 141·8 44·2 169·6 48·2 

--- ---- ---
47·0 32·1 31·1 28·0 

56·0 64·0 93·4 .. 
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Weekending 

12th Dacember .. .. 
19th December .. .. 
26th December .. .. 
2nd January .. .. 
9th January .. .. 

16th January .. .. 
23rd January .. .. 
30th January .. .. 

Suocess per cent. .. 

TABLE No. 318. 

ResUlt, oj de-fruiting experiments .• 
(Unprotected plants.) 

1925-26. 
(Average of 10 plants in each set.) 

Treated inner row. I 
I I 

Flowers Relative 
opened. bolls. 

.. . . 5·8 3·9 .. .. 25·9 21·0 
" .. 17·7 9·1 .. .. 10·7 1·2 . . .. 2·6 0·3 .. .. . . .. .. .. .. . . .. .. ,. . . 

Total .. 62·7 35·5 

.. .. l'Q'9 

I 

Control inner row. 

I 
Flowers Relative 
opened. bolls. 

5·' I·' 
2"9 2·8 
15·1 0'8 
5'9 0·2 .. .. .. " . . .. .. .. 

51·3 6·0 

9·7 

• All bolls removed on the lOth December. 1925. 

Weekending 

12th December .. .. 
19th December •• . , 
26th December .. .. 
2nd January . .. ., 
9th January .. .. 

16th January -- _. 
23rd January .. .. 
30th January .. .. 

S uccess per cent .• .. 

TABLE No. 319. 

Results of de-fruiting experiments.· 
(Unprotected plants.) 

1925-26. 
(Average of 10 plants in each set.) 

Treated border row. I 
Flowers 

I 
Relative 

I opened. bolls. 

.. .. 9·5 7·' .. .. 37·1 26·9 . . .. 40·7 22·8 
" .. 65·2 19·1 .. . . 42·3 10·3 .. .. 21·8 '·9 .. .. 7·8 1·3 .. .. 1·0 0·1 

Total " 215·' 92'8 

.. . . 43·0 I 

Control border row. 

Flowers I Relative 
opened. boll •• 

14·2 6·2 
'0·8 13·0 
42·0 11·3 
62·' 1/;'9 
28·0 8·6 
11·6 2·0 
2'6 0·3 
0·1 .. 

191·7 67·2 

29·8 

• All bolls removed on the lOth December, 1926. 
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TABLE No. 320. 

Average progruBiv! production of vegetative budB, flowe1'-budB and the total ,hedding 
01 the latter In the protected plantB, ,own at different timu in the Beason. 

1930-31. 

Set No. I. Set No. II. Set No. III. 

Sown on 3-7.30. Sown on 14·8.30. Sown on 28.8·30. 
Period ending 

v .... I j""dl" I IB"dY" I IB'" tative Flower_ boH tatTv~ Flower_ boll ta~Tv~ Flower. boll 
buds. buds. 8~ed. buds. buds. s~ed. buds. buds. shed· 

dmg. . dmg. dmg. 

26th September .. 58'55 21'55 3'85 7·8 .. . . 4·2 .. .. 10th October .. 105'45 74·45 7·95 19·4 0·6 .. 7·1 .. " 24th October .. 149·15 140·40 24·80 55·7 8·5 0·4 15·8 .. .. 
7th Novembel' .. 190·90 190·30 113·90 89·6 18·9 9·6 28·4 0·9 0·1 

21st November .. 218·05 223·00 130·75 136·4 54·0 15·8 52·2 8·9 0·5 
5th December .. 224· 50 230'40 155·30 194·2 1I5·S 18·8 91·8 23·2 4·3 

19th December .. 226·75 230·95 168·95 234·7 176·1 23·3 131·0 46·8 8·2 
2nd January .. .. . . 186·35 260·0 211·7 31·0 lIH·7 88·1 10·9 

16th January .. .. . . 188'70 278·8 221·2 89·3 236·2 155·8 15·7 
30th January .. .. .. .. 282·8 224·4 158·8 294·9 215·9 36·1 
13th February .. .. .. .. .. .. 182·4 324·0 258·7 112·1 
27th February .. .. .. .. .. .. 182·8 332'4 282·3 195·8 
13th March .. .. .. .. . . .. .. .. .. 238·6 

------------------------
Total .. .. .. .. .. .. . , .. .. 240·5 

TA.BLE No. 321. 

Average progressive production of vegetative buds, fl:ower-bv4s an.d the total Bhedding 
of the latter in the protected plants sown at different tlmu m the Beason. 

1931-32. 

Sowing at nonnal time on 

I 
Sowing six weeks late on 

2nd July, 1937. 14th August, 1931. 

Period ending 
Flower-

I 

Total Ivegetative I Flower- I Total 
Vegetative I buds. sheds. buds. buds. sheds. bud.;!. 

30th October 114·40 54·35 21·80 12·1 .. .. .. .. 
38·45 20·5 0·2 .. 13t·h November 176'00 124·85 .. 
55·05 39·7 4·8 .-27th Novf>mber .. 216'85 195·30 

17·3 0·6 
lith December •. 253'35 249·75 69·55 67·8 

4·7 .. 35·2 25th December .. 285'55 284·65 122·80 101·0 
9·6 .. 

139·9 67·4 8th January . - .. 298·90 294'85 188·30 
113'6 12·9 242·50 186·0 22nd January .. _ . 299·85 .. 

249'00 224·2 162'3 19·4 
5th February .. .. .. 

244·4 184·2 51·2 
19th February .. .. .. .. .. 

251·0 194·0 131·5 
4th March .. .. .. .. .. 163·4 .. 18th March .. -. .. .. 

165·2 .. .. . . 
1st April .. .. .. .. .. .. .. " -
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TABLE No: 322. 

Periodical flowering in protected plants grown at diJ/erent .imu in .1ae ftG4OR. 

(Weekly figures.) 

1930·31. 

Set No. I. I Set No. II. Set No. 01. 

Sown on Sown on Sown on 
3rd July, 1930. I 14th Auguat, 1930. 28th August, 1930. Weekending 

Flowers •. , Relative 
, Flowers. I Relative I Flowers. I Relative 

bolls. bolls. bolla. 

i 

19th October .. .. 0·20 .. .. o' .. .. 
26th October .. .. 7·50 1·75 .. .. .. .. 
2nd November .. .. "'·70 7·75 .. .. . . .. 
9th November .• .. 10·25 9·10 .. .. .. .. 

16th November .. 1·20 0·80 .. .. .. .. 
23rd November .. S'10 1·65 .. .. .. .. 
30th November .. 5·35 3·65 .. .. . . .. 

7th December " .. 13·45 8·95 0·3 0·3 .. .. 
14th December .• .. 13'75 6·85 2·6 2·4 .. .. 
21st December " .. 9·25 1·50 10·0 9·2 0·2 0·2 

28th December " .. 4·50 0·25 18·5 12·9 0·5 0·5 

4th January .. .. 1·70 .. 20·2 7·7 2·7 2·1 

11th January 
" .. 0·40 .. 23·5 6·1 5·2 4·6 

18th January .. .. 0·05 .. 22'6 2·1 7·2 5·5 

25th January .. .. .. .. 20·2 0·6 11·6 5·6 

1st February 
" .. .. .. 10·5 0·3 14·6 7·4 

8th February " .. .. .. 2'8 .. 18·3 6·' 

15th February .. .. .. .. 0'4 .. 19·5 3·5 

22M_February .. .. ., .. .. .. 24·1 '·7 

1st March .. .. .. .. .. .. 15·' 1·0 

8th March .. .. .. .. .. .. 9·6 0·3 

16th March .. o. .. .. .. .. 2·0 .. 
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TABLE No. 323. 

Periodical flowering in protected plants grown at different times in the lea&on. 

1931·32. 

Plants sown at usual time.j Sowing six weeks late. 

Weekending 

I 
Relative 

I I 
Relative FloWE'r9. 

bolls. Flowers. 
bolls. 

22nd November .. .. .. 0·25 0·25 .. " 

29th NovembPr " .. " 2·25 1·80 .. .. 

6th pecember .. .. .. .. 7·00 5·65 .. .. 
13th December .. .. .. .. 10·50 6·60 . , . . 

20th December .• .. .. .. 15·60 10·25 .. .. 
27th December .. " .. .. 24·60 15·00 .. .. 

3rd January .. .. .. .. 18·30 5'40 . , .. 
10th January .. .. .. .. 20'25 0'50 1·2 0'8 

17th January .. .. .. .. 12·55 0·15 2·0 1·7 

24th January .. .. .. .. 7·45 0·15 3·3 2·8 

31st January .. .. .. .. 1·90 0'05 6·2 5·2 

0·20 0'05 g·O 5·7 7th Febru&1'Y .. .. .. .. 

14th February .. .. .. .. 0'05 .. 14·2 6·5 

15·5 3·0 21st February .. .. .. .. .. .. 

18·6 1·5 .. 28th FE'bruary " .. .. .. .. 
13·8 0·1 .. 6th March .. .. .. .. .. 

5·3 1·3 .. .. 13th March .. .. .. .. 
O·g .. .. .. 20th March .. .. .. .. 

0·1 .. .. .. 27th March .. .. .. .. 



APPENDIX II. 
ANALYTICAL l\IETHODS . 

. A.-PLANT ANALYSIS-MATERIAL AND ANALYTICAL METHODS FOLLOWED DURINO 

THE YEARS 1926·27 AND 1927-28. 

Material.-Samples were removed from the field between 9 and 10 A.M. The 
number of plants taken varied every time. With regard to every organ, material 
sufficient -for analysis was taken. On the day of sampling, plants were lightly 
shaken and of the buds and bolls shed, those of about 10 days growth were selected 
for analysis. Non-shed buds and bolls of approximately the same size as those 
shed were also removed. Analysis was confined to soft parts of the plant, stem, 
branches, the roots being excluded. The samples were brought to the laboratory 
quickly and cut into fine pieces without much loss of time. Analrsis was conducted, 
in all cases, on fresh samples. 

Moisture.-This was determined by the usual method on samples of 20 grams. 

Ash.-A known quantity of plant material was first completely charred at low 
temp~rature. The temperature was then raised to and maintained at a dull red 
heat until all the matter was converted into ash. 

Total Nitrogen.-This was estimated by the Kjeldhal method. 

Total Albuminoid Ntirogen.-This was determined by the Strutzer's method 
as modified by Barnstein (Lunge; Vol. II, Part I,page 450). 

Insoluble Albuminoid Nit1"ogen.-A known quantity of the material was crushed 
to a fine paste and washed free of soluble constituents in a Buchner funnel under 
pressure. The washed substance was then analysed for insoluble albuminoid 
nitrogen by the Kjeldhal method. 

Soluble Albuminoid Nitrogen.-This was determined by subtracting the insolu
ble albuminoid nitrogen from the total albuminoi4 nitrogen. 

Ammoniacal Nitrogen.-This was determined by crushing the material to a 
paste and distilling it with magnesia. 

Amick Nitrogen.-This was obtained as the difIerence between the total 
nitrogen and all other forms of nitrogen determined. 

Nitrate8.-These could not be detected. 

(Methods followed in 1928-29 and the succeeding years.) 

Time 0/ drawing the samples.-Samples were removed from the field just after 
sunrise. This time was considered to be the best as it avoided the widely dis
turbing eftects of photosynthesis which are at their minimum at this hour. 

Moisture.-Plants representing average growth were cut oft at the junction 
o~ the cotyledons and immediately removed, to the balance room, sllecially erected 
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in ~he field for th~ purpose. T~e different organs were separated and' their reen 
weight recorded without loss of t1!'le. They were then placed in suitable cont~ners 
and ?rought to the laboratory situated at a distance of about one mile and 
re~elghed. The s~mples were the~ cut into fine pieces and their moisture deter. 
mmed as usual. FInally, a correctlOu for the loss of moisture during transit fro 
the field to the laboratory was made in the results obtained. m 

IDI:~ed~atel~ after re~oving the shoot, the root·system was profusely watered 
for facilItatIng Its excavatIOn the next day. When plants were small the removal 
of the root·system gen~rally to~k one day; later in the season, howe~er, when tho 
roots had .gone deeper. In the floil, one and a half days or sometimes e\'en two day.i 
were requ~red for dlggmg out only ~ne root.system. The analytical material, there. 
fore, con'Hsted generally of four to SIX plants rcmovod at the rate of one per day or 
one per two days as occasion demanded. The material of the plants so dug out within 
II> week was ground ~o powder in a grinding mill and this represented the sample 
for the week. Here, It m'1y be noted that owing t:> the difficulty of digging out the 
root.system, more than four to six plants could not be taken for analysis. 

Total Hydrolysable Oarbohydrates.-These were determined as usual by sub. 
tracting from the total dry weight, the total proteids, total ether.extract, total 
ash and fibre. 

Sap Analys'is.-Foliage leaves were removed between 1 to 2 p.m. This time 
was particularly chosen because at this time the photosynthetic activity of the 
plant is the highest. The leaves while still on the plant were cleaned with a muslin 
cloth and then removed to a wide·mo:J.thed, metallic container submerged in a 
mixture of ice and salt. The container was kept closed by means of a water· tight 
lid and was only occasionally opened to introduce the leaf material. 

The ice box was then brought to the laboratory and kept in that condition for 
over an hour. After removing the lid, the leaves were chopped into pieces in the 
container. The material was then transferred to a dry cold mortar and the sap 
pressed out with the aid of an extractor thickly quoted with tin. The extracted 
sap was kept in air.tight, stoppered bottles and was placed in ice mixture till all 
the material had been extracted. The s<tp was then filtered through a dry filter 
paper, after allowing the su~ended, part~cles to .settle. ~~e. cold filtered sap was 
subsequently raised to 30 degrees Centlgra.de In the vlClillty of the laboratory 
temperature and measured out for different estimations. 

Total solids.-These were determined after evaporating a ~nown qu~ntity of 
sap at 98 degrees Centigrade (steam oven temperature). A thIn glass sturer was 
used during the last stages of evaporation. 

Ash.,.--This was determined with the usual precautions on the residue left after 
evaporation. 

Density.-This was determined with the aid of a specific gravity hottle. 

Reducing Sugars -A known quantity of the sap was treated with basic lead 
acetate and made to' volume. It was then filtered through a. dry. filter paper and. 
the excess lead removedhy solid potassium oxa:la~eF J~e ,red~c~~ :1~r~I:~: 
then determined by titrating the treated sap agams e .mg s so u f S f 
lene Blue as an internal indicator (Henry Lane and LeWIS Eynon, Jour. 0 00. 0 

Chem. Indus. January 26, 1923-32T). 



H,ldrol,lsable Sugar8.-These were determined after inversion. 

Total Nitrogen.-This waS determined by the Kjeldhal method on the untreated 
sap. 

Total Organic Matter.-This was estimated as the di1Ierence between total 
solids and total ash. 

PhoapAorua.-This was determined by Kjeldha.lising the plant material and 
then determining the element by double precipitation with ammonium molybdate 
and magnesia mixture (W. Jones and M. E. Perkis; the Gravimetrio Determination 
of Organio Phosphorus: Jour. BioI. Chem. 1913, page 343). 

Lime.-A known quantity of plant material was carefully burnt and the result
ing asb was extracted with hydrochloric acid in the usual way. An aliquat portion 
of the a~id solution was then taken in a beaker and slight excess of ammonium 
hydwxide was added. It was then aoidified with acetic acid and filtered. The 
lime was precipitated as oxalate and estimated as CaO. 

Pota!lk.-A known quantity of the hydrochloric acid extract was treated with 
barium chloride, ammonium hydroxide, ammonium carbonate, and ammonium 
oxalate solutions in the order named and the whole made to volume and filtered. 
The filtrate was acidified with hydrochloric aci4, evaporated to dryness, and igni ted 
at a dull-red beat. The ignited residue was then lixiviated with distilled water, 
filtered and potash estimated by the platinum chloride method. 

B.-Son. ANALYSIS. 

Total Moisture.~This wa.~ determined by drying samples of 10 gram!! in the 
steam oven. 

Water Holding Oapacity.-This was determined by Hilgard's Cylinder method. 

Watir~Supplying Power 0/ tkg Soil.-This WM m~a!lured with the SJil PointK 
of Dr. Livin~ston and Koketsu (The Water-Supplying Power of tne Soil as related 
to the wilting.of Plants: Soil So., Vol. IX, No.6, June, 1920). 

Unfree Warer.-This was determined by Bouyouoos' Method with the dila.to
meter. -(Measurement of the Unfree or the inactive moisture in the soil: Jour. 
Agr. Res., Vol. VIII, No.6, 1917.) It was found that mJre water than was recom· 
mended had had to be added to obtain readings with the class of soils under study 
and though the amJunt of wa.ter that fro~e did depend to an extent on the amount of 
water added (M. M. McCool and Weidema.nn :-Study of certain organio soil profiles. 
Soil SJ. Vol. XvrIT, 1924), a large amJunt was re30rted to for ease of working the 
soil and of free~ing the water not unfre~. The experiments were performed with 
20 grams of soil and 10 cc. of water, in all ca'3es. Even the!!., the wetting of the 
soil mass evenly, was a difficult task and after a number of trials with different 
methods of mixing, it was at last fonnd that the introduction of the soil and the water 
into the dllatometer alternately, and every tim~ a sm'loll quantity of ea.ch, worked 
very satisfactorily, ensuring nniform wetting. It wa'3 custom'l.ry with the worker .. 
before, to calculate and express their resnlts as so many c.os. of water held unfree, 
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out of ~OO O.cs. of water added. But for our purposes here, it was found more 
convement to express the results as so many c.cs. of water held unfree by 100 gra.ms 
of air dry soil, on the authority of Bouyoucos himself who holds that the 
amount of water unfree is a constant for a given soil, independent of the total 
moisture present, though Keen and also McCool and Weidemann obtained results 
to show that this was not the case. 

Organ'ic Nitrogen.-,-This was determined by the Kjeldhal's proee88 as modified 
by Bal (Determination of Nitrogen in heavy clay Soils. Jour. Agr. Sc., Vol. XV, 
Part IV, 1925), where the soil was always moistened with a quantity of water and 
shaken and allowed to stand before the requisite amount of the acid was added. 

The Ammoniacal, Nitrite and Nitrate Nitrogen.-These were determined as 
described by SahiJ.srabuddhe and Daji (Nitrogen Recuperation in tile soils of the 
Bombay Deccan. Pusa Memoirs: Chem. Series, Vol. VIII, No.5, 1925). But an 
essential alteration was made in that the soil had had to be dried immediately 
and quickly at a temperature of not more than 55° Centigrade. 

The ammoniacal nitrogen was determined by distilling with magnesia. 

The nitrate nitrogen was determined by the Phenol-disulphonic Method a.nd 
the nitrite nitrogen by the Griess Ilosvay process. 

76 
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