Eifect of microclimatic parameters on the floral physio-
logy and vyield of seed cotton""

COMPENDIO

Se ettudid durante la estacion de invierne de 1974-1975, fa influencia e
sobre la produccion de floves, caida de floves y rendiniicito de algedén en rama, tienen
fog pardmetros miciodindticos del ambiente, los gue fueren wodificados mediainte el

w0 de cancho negro, cancho blanco y paja de mijo perlado (Pennisetum glaucum)

come coberturar en el algoddn "MCU 5°, bajo riego, en la Universidad Agricola Tamil
Nedu, Colmbatore, India Se calculavon correlaciones siniples y qiltiples, hiclnyendo
también la edad como un factor Jisioldgivo. Bl andlisis indicd que ademds de la
temperainra, Ia presion de vapor pievalente en la mafiana tnve g correlacidn alta,
de 0,89, con la produccidn de flores La presién de vapor también tuvo influencia
en la catda de flover pevo en menor grado La temperatura del suelo en la tarde tyvo
wnd correlacion negativa con el rendiniento  La bumedad relativa temprano en Ia
mailand tieo wna corvelacidn negativa mientias gue la de la tarde tuvo nia correla-
cdu positiva, lo qae indica el papel de la bumedad velativa del amibiente en decidir
el rendimiento Extos ettndios de correlacion han indicado tambion s posibilidad de
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el

predecir ol yendimiento basindose en las condiciones wicroclindticas

Introduction

OTTON has been studied in India largely from
the breeding point of view being an important
cash crop, Very littie attention has been paid

to the study of its physiological aspects in relation to
climatic conditions (6) The yield of a crop is gover-
ned by several factors Even for the same variety
grown under adequate moisture, nutrition and plant
protection, the yield is found to vary considerably and
this is attributed to the environmental conditions (11}
The cotton crop is no exception to this The number
of flowers produced by the plant, the shedding of
floral parts and the number of bolls that ultimately
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mature to pgive vield are reported to be determined by
the environmental factors Environment in its broadest
sense includes botl soil factors and climatic factors
(15) One method to modify the enviranment would
be the application of mulches on the soil in the vici-
nity of the plant. The potentiality of the muiches in
effecting a change in the environment depends on
the colour, texture and nature of the mulches. The
waste black and white material of the rubber factory
and the easily available pearl millet straw were used to
study the response of plant to such modifications of
the environment as manifested in flower preduction,
flower shedding and yield of seed cotton at the
Tamil Nadu Agricultural University, Coimbatore, In-
dia, on 'MCU 5 coton

Materials  and methods

Coimbatore is situated at 119N, 77°F and at alti-
tude of 498 m above mean sea level with an annual
average rainfall of 645 mm. The experiment was con-
ducted in the fields of Department of Agronomy,
Tamil Nadu Agricultural University, Coimbatore on
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clay loam soil of medium fertility during the winter
season of 1974-1975 on MCU 5 cotton uader irriga-
tion

The treatments adopted were (I) control (no
muich), (11 black rubber waste, (IIT) white rubber
waste and (IV) pearl miilet straw as mulches. The
rubber wastes ace factory rejects of the tyre industry
The black material was in the form of 5 mm x
30 cm long and 15 to 30 cm broad. The white rubber
waste was in the form of flats of 5 mm thickness,
30 cm long and 15 fo 30 cm broad The pearl millet
straw was made into small bundles of 5 to 6 plants
so that they could not be disturbed by wind The expe-
riment was laid out in a randomised block design
with seven replications The crop was sown on 13/8/
1974 at the rate of two seeds per hole adopting a
spacing of 75 X 22.5 ¢ Thinning was done on the
15th day of sowing thus leaving only one seedling
per hill The mulches wete applied on 22/9/1974 ie.
41 days after sowing. ‘White and black rubber wastes
were spread at the rate of 31.0 t/ha while 71 t/ha
alone was used in the cases of peatl miilet stiaw. The
picking of seed cotton commenced on 11/12/1974
and ended on 15/1/1973 with six weekly picking
The following climatic parameters wete recorded in
one replication only,

1y Soil temperature:—This was measured in cen
tigriade at 5 cm depth daily at 0630 am and 1430
pm from 7th to 23cd week after sowing

1)  AMualch temperatire:~The temperature within
the mulch was recorded in centigrade from 7th to
23rd weeks after sowing daily at 0630 and 1430 houts

11y Temperature above mulch—The microcli-
matic temperature of the crop environment was fe-
corded by using Assmann’s Psychrometer at the top
surface of the muich and 30 cm above the mulch in
centigrade from Gdth to 126th day (10th to 18th
week) daily at 0640 and 1440 hours

IVY Relative bumidity and vapour pressure:—
From the wet and dry bulb temperature values recos-
ded by the Assman's Psychrometer the relative hu-
midity and vapour pressure wete computed by refer-
ting to the Tables prepared (1).

Vy Air temperature:—~The maximum and mini-
mum temperatures recorded in centigrade at the agro-
meteorological observatory situated one kilometer away
from the expetimental site were taken as the macro-
climate air temperature due to the crop canopy.

Resuits and discuision

In the present study, the plants environment was
modified by the application of mulches to cover the
soil, thus protecting the soil from direct solar radia-
tion, except in control The effect of mulches was ma-
nifested in the changes in the temperatuze of the soil

as well as in the plant environment In addition, the
vapour pressure and relative humidity were also modi-
fied by the mulches, providing different environment
in the same field To express more clearly the effect
of microclimatic parameters of the environment aad-
the physiological reaction of the plant, expressed in
the number of flowers produced, shedding of flowers
and yield of seed cotton, in mathematical terms, simple
and multiple correlations were worked out, by taking
into account, the soil temperature, above mulches, re-
lative humidity and vapour pressute at the surface and
30 ¢m height as independent variables and the number
of flowers produced, number of flowers shed and the
yield of seed cotton as dependent variables.

As the effect of the environment may be cumula-
tive the microclimatic parameters prevailing during the
previous 2,3 and 4 weeks were considered for working
out the correlations and the correlation coefficients
As the response of the plant may vary with its age,
the age of the crop was also included in wotking out
the correlations with its responses in respect of the
above dependet variables The significant correlations
are discussed below

Elower pioduction

The data on correlations are presented in Table 1
Tt may be seen from the Table I that the microclimatic
temperature at the sucface and ab 30 cm prevailing
in the morning for the period of two weeks preceding
flower production had a greater influence than those
prevailing during the peevious three weeks, in in-
creasing flower production Soil tempesature also had
a positive influence, but the coefficient of correlation
was slightly lower This brings out clearly the impor-
tance of motning temperature on the production of
flowers ‘Though the physiological processes depend
on temperature, in case of flower production the va-
pour pressuze in the maorning, prevailing during the
previous three weeks also appeared to exercise a greater
influence as may be seen by the high coefficient of
-0 89. This factor alene could account for 79.52 per
cent of the variation in flower production

Flower production is not always linear. It is said
to be related to age of the crop to a certain extent
(5) This can also be seen from the negative correla-
tions of 057 between age and flower production In
order to study the influence of climatic factors, in
tefation to the age of the crop, an attempt wis made
by working out multiple cortelation coefficients.
Among the various factors that were considered, based
on simple correlation cocfficients, morning susface
temperature and vapour pressure of previous three
weeks as weli as temperature at surface and 30 cm
height for two weeks were found to be effective.

The vapour pressure of the previous three weeks
end age of the crop had pgreater influence as seen
from the higher multiple cosrzelation coefficient of
4082, With these two factors put together 67.75
per cent of flower production could be determined.
The relative impottance of vapour pressure in the en-
vitonment have been brought out in this study. The
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increased amount of water vapour would have reduced
the transpiration rate and heiped the leaves to maintain
its turgor for a longer period in the mornings. The
rate of transpiration depends on the steepness of the
vapour pressute gradient from plant tissue to air and
hence the water vapour pressare of the air is the
most useful (14) A deeper study under controlled
environmet may throw more light on this aspect.

Diop of flowers

The influence of microclimate on flower drops
was assessed and presented in Table 2. The mean
morning temperature of the previous three weeks as
well as the vapour pressure at the surface level and
30 cm above the surface had significant positive corre-
lations with this factor. It is interesting to note that
the vapour presure in the morning influenced the
production of flowers, and the same factor has in-
fluenced the shedding of flowess as may be seen by
the coefficients of correlation furnished in the Table
2 However in the latter cases, the coefficients are only
042 and 04t, thus accounting for only less than 18
per cent of the variation.

Joshi et af (13) opined that shedding of buds
which appear quite early in the season is due to incon-
genial quality of the sap and that subsequent shedding
of both the buds and belis which cccurred increasingly
throughout the period of their formation is the
result of food shortage in the plant Dastur and
Mukhtar Singh (8) and Dastur and Gopani (7) in
theie studies on cotton growth have shown that appli-
cation of nitrogen increased the production of flowers
as well as their retention. It is also possible to have
better nurient avaiiability in the soil at higher tempe-
ratures due to better microbial activity {3) The tem-
perature in this case showed only a weak correlation
accounting only for 17.5 per cent of the variation It
was seen earlier that sudden fluctuations in the envi-
ronment, caused by major factors like rinfall and
sudden decrease in temperature increased flower shed-
ding Carver (4} stated that there was a pgenesal
tendency for low yields in rainy years and high yields
in dry years. As rainfall is associated with cloudiness,
lower sushine and low temperature which might have
induced higher rates of shedding,

Yield of seed coiton

The data on simple and multiple correlations wor-
ked out between the various micreclimatic factors and
yield of seed cotton are presented in Table 3.

When the yield was related to age of the crop,
it was noticed that during initial stages i.e. up to 19th
week there was a positive trend (r==088) But when
the analysis was extended to later periods, there was
a negative correlation (r= -040), although it was
not significant. This is evident from the yield data
presented in Table 4 That the yield increased upto
the 3rd picking and declined thereafter in all treat-
ments. Among the various climatic factors, there was

a negative trend between the soil temperature in the
afternoon and yield (r= -0.41) The high tempera-
ture in the afternoon might have incressed the respi-
ratory rate and a loss of photosynthesis, thus giving
a reduced yield

The relative humidity appeared to exercise greater
influence on yield. As the relative humidity increased
in the early morning particulacly during the previous
two weeks there was reduced yield On the other
band, an increase in the refative humidity in the af-
ternoon tended to increase the yield as seen by the
positive correlation This indicates that an equitable
level of relative humidity appears to be favourable
for yield. This applies equally for vapour pressure
of the environment. This may probably due to shed-
ding floral parts as too low a temperature in the early
morning would increase the relative humidity and
vapour pressute near the ground level Rainfall also
increased the moisture of the environment causing in-
creased shedding of flowers. On the other hand the
increase in relative humidity and vapour pressure in
the afternoon, when temperature would be higher than
in the morning, would have :educed the transpiration
and maintained the turgidity of the leaves, thus con-
tributing to increased photosynthesis. Gates (10) and
Ashten (2} reported that as the cells lose their turgor
and begin to wilt, the stomata are closed leading to
inhibition of photosynthesis.

In addition, a high selative humidity acis as &
thermo-regulator and consequently can exert an effect
on plant growth by way of temperature (16). As in
the case of flower counts and the drop of buds and
bolls, the yield of cotton crop is a function of the age
itself. If, during this period, a better environmental
condition is made available for the conversion of pho-
tosynthate into a storage mateial, the lint and seed
production in the present case can be increased. This
is again indicated by the significant effect of various
microclimatic parameters other than soil temperatuse
and the age of the crop In all cases the coefficients
of multiple correlation were found to be of higher
order fanging from 079 to 087. The highest value
of coefficient of correlation was found to be in case
of vapour pressure at the surface in the morning and
at 30 cm height (087} In general, these multiple
regression analysis indicated the importance of the
envitonmental conditions duting the entire period of
development of bolls and their bursting period around
4 weeks Huxley (12) concluded that the yield of
cotton is not dependent only upon the vegetative
growth made by the crop, but influence of environ-
ment upon flowering and fruiting can limit the yield,
which ultimately depends not only upon one, bat upon
# complex interplay of many limiting factors which
operate at various times throughout the life of the
crop, on processes concerned both with growth and
development

In living organisms the response to these environ-
mental parameters, need not always be linear Iurther
as sugpested by Dorland and Went (2} the optimum
requirements of temperatuze varies with the age,
Hence, in order to find out the optimum of environ-
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mental conditions for obtaining the highest yield, an
attempt was made in the present investigation by
extending the multiple regression analysis by taking
age as well as the linecar and the quadratic terms of
the environmetal conditions into account. However, as
the number of observations available were limited,
this could give only broad indications.

The details of significant multiple correlation coef-
ficients are presented in Table 3. It may be observed
from the values of coefficient that the quadratic term
fits in better than linear term alone This may help
in finding out the optimum requirement of tempera-
ture in relation fo age of the ciop The regression
analysis has brought out clearly the effect of the
microclimaite vapour pressute, temperature and relative
humidity in predicting the yield of cotton, Based on
the prediction equation, the expected values of yield
for & given temperature, relative humidity and vapour
pressure of the surface and crop canopy were worked
out for the factors which gave higher coefficients of
correlations of about 085, and found to fit well,

Thus the muitiple regression analysis has brough-
tout clearly the effect of microclimatic parameters as
modified by mulches on the yield of "MCU 5" cotton
to the extent of predicting the yield fairly accurately
based on the temperature, vapour pressure and relative
humidity prevailing in the crop environment The
study has aiso brought out clealy the use of mulches
as & tool for modifying the environment of the crop
to obtain greater yield.

Summary

The influence of microclimatic parameters of the
environment on production of flower, flowers shed-
ding and yield of seed cotton as modified by the
use of black rubber, white rubber and peazi millet
straw as mulches on MCU 5 cotton were studied
during 1974-1975 winter season under irrigation at
the Tamil Nadu Ageicultural University, Coimbatore,
India, Simple and multiple correlations were worked
including age also as a physiclogical factor The analy-
sis indicated that in addition to temperature, vapour
pressure prevailing in the morning had a high corre-
lation of 0.89 with flower production. Vapour pres-
sure aiso influenced flower shedding but to a Jesser
extent. Soil temperature in the afterncon had a nega-
tive correlation with yield. Relative humidity in the
early morning has a negative correlations while in the
afternoon had a positive correlation, indicating the
role of relative humidity of the environment in decid-
ing the yield These correlation studies have also in-
dicated the possibility of predicting the yield based
on microclimatic conditions.

1

11

14

15.

16

Literatuse gited

AGRIMET. Technical Circular NY 3. Director, Apri-
cultural Meteorciogy, Poona, Indin 1955,

ASHTON, FM. Effects of a series of cyeles of low and
high soil water on the rate of apparent photosyn-
thesis in sugarcane Plant Physiology 31 266-271
1936

CARPENTER, W J. and WATISON, DP Effects of
corn cob muiches and incorporated scil moisture on
physical and chemical properties of the soil  Soil
Science 78:225-229. 1954

CARVER, W. A Cotton varicties for Flarida. Florida
Agricultural Experimental Station Bulletin 285 19335,

DASTUR RH  Physiological comparison of American
cotton plant in Punajab and Sind. Indian Cotton Grow-
ing Review 4: 1-25. 1930

, ASANA, RD., SAWHNEY, K ; SIKKA,
$XK.; VASUDEVA, IL.§S; KHAN, Q.; RAQ, VP and
SETHI, BI. Cotton in Indian Bombay, India Indian
Ceatral Cotton Committee Vol I 1960

and GOPANI, DD The effect of spac
ing on the growth and yield of cotton in Seuth Gu-
jarat (Sugat) Indian Journal of Apricultural Sciences,
22: 113-137. 1952

and MUKHTAR SINGH. Studies en the
periodie partial failures of the Punjab-American cotton
in the Punjasb IX. The interrelation of maenurial fac-
tors and water supply on the growth and yield of
cotton on light sandy soils. Indian Journal of Agri-
cultural Sciences 13: 610-619. 1943

DORLAND, RE. and WENT, FW. Plant pgrowth
under controlled conditions. American Journal of Bo-
tany 34:393-401. 1947

GATES, CT. The response of the young tomate plant
to brief period of water shortage. Australian Journal
of Biological Science 8:196-214, 1955,

GREGORY, FG. The effect of climatic conditions on
the prowth of barley. Annals of Botany 40: 1-26
1926, -

HUXLEY, PA Some effect of artificial shading on
the growth of upland cotton seedlings. Empire Cotton
Growing Review 41: 100-111. 1926,

JOSHI, X V., GODE, RB. and SHAH, AK Science
Monograph N° 1. Indian Central Cotton Commuittes,
Bombay, India 1941,

KRAMER, P.J. Transpiration and Water Economy of
Plants In "Plant Physiclogy - A treatise”. Ed. Ste-
ward, F. G New York, Academic Press. Vol IT
1939, 633 p

WELLENSICK, S ] The plant and its environment In
“Control of the Plant ZInvironment . Ed. Hudson,
] P, Butterworths Scieatific Publications. 1957.

WENT, Controf of Plant
Growth, Chronica Botanica. 1957,
295 p.

BEXW, ‘The Experimental
Waltham, Mass.





