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Joint effects of weather variables on rice yield
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ABSTRACT. Anatiempt has been made to study the joint effects of climatic variables on rice yield at different

stages of crop growth. Beneficial effects of above avera
humidity during active vegetative ai:has,e while detrimen

rise in humidity had small benefici: i
in temperature. Rise in temperature associated with hi,
croo.

1, Introduction

Individual effects of weather factors on crop
yields have been studied by Fisher (1924), Huda
et al. (1975) and Jain et al. (1980). 1t is expected
that the effects of weather factors are not in-
dependent as crop yield is influenced by the parti-
cular combinations of these factors in which
they occur. For example, the effect of rainfall
on yield depends not only upon the amount of
rainfall and the time at which it occurs but also
upon the levels of other weather factors that may
be associated with it at that time. Hendricks
and Scholl (1943), Stacy (1957) and Runge (1968)
have studied joint effects of temperature and rain-
fall on crop yields. In the present study joint
effects of some important combinations on rice
yield have been studied.

2. Materials and methods

This study pertains to Raipur district in Madhya
Pradesh. The details of location and o-cli-
matic conditions are given by Jain er al. (1980).

District figures of rice yield for 25 years avail-
able for the period from 1947 to 1973 are obtained
from the Directorate of Economics and Statis-
tics, New Delhi. Weekly data on weather varia-
bles, namely, average daily maximum temperature,
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tglo lguimum temperature on yield increased
i effects
effects in general throughout the crop season. The effects increased with increase
gh rainfall had beneficial effects during growth phase of the

with rise in
decreased in other phases of crop growth. The

relative humidity at 14 hr and total weekly rain-
fall are taken from the India Meteorological
Department, Pune for Labhandi farm which is
4 km away from Raipur,

2.1. Crop season

Crop is sown in the month of June and har-
vested in October-November. Various impor-
tant stages of crop season are shown in Fig. 1.
For details, refer Jain et al. (1980).

2.2, Statistical analysis

To study joint effects of weather variables on
rice yield the model used for studying effects of
individual weather variables (Jain er al. 1980)
has been extended by including interaction terms.
The modified model is :
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Fig. 1. Crop season of rice

where, Y is rice yield (k/ha );: A, g, @',
aii’j (,i'" =1,2,3;j=0.1,2) and ¢ are constants:
T is year number included to correct for the long
term upward or downward trend in vyield, Z
and Q are first and second order generated wea-
ther variables defined as :
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n is number of weeks upto time of harvest : 1w is
week identification (it is 1 for the period from
21-27 May and 25 for the period from 4-11
November); X, is the value of i*h weather
variables in w't week (In this study i-1,2,3
corresponds to maximum temperature, relative
humidity and rainfall respectively), r;, is the
correlation coefficient ol ¥ with the ' weather
variable in w™ week, ry,. is the correlation
coefficient of ¥ with the product of the ith and
the "t weather variables in wtt week.

Data on relative humidity have been trans-
formed into arc-sine root proportion as they were
in percentages.

Stepwise regression (Draper and Smith 1966)
has been used to select the significant generated
variables.

The rate of change of yield with respect to
Xi,, atany time w, can be obtained from equation
(1) by taking the partial derivative of )" with res-
pect to Xj,.
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The rate of change of yield with respect to Xj,
at any time w thus appears as a function of cor-
relation of yield and wvariable Xj,, correlation
of yield and product of X;, and Xy, and value
of Xy,. Using Eqn. (3), the rate of change of
yield with respect to X;, can be worked out
for arbitrarily  assigned values of Xj,.
Similarly, the rate of change of yield with
respect to Xy, can be obtained by taking the
partial derivative of Y with respect to Xy, given
in Eqn. (1).

The assumption in this method are :

(«¢) That one unit change above or below
average in weather variable effects
rice yield by the same percentage but in
opposite direction,

(b) The total effect on rice yield is directly
proportional to the number of units of
weather variables above or below ave-
rage.

(¢) The effect on rice yield in each week
is independent of the efiect in any other
week.

3. Results and discussion

3.1. The joint effects of maximum temperature
and relative humidity.

The multiple regression equation to study the
joint effects of maximum temperature and relative
humidity on yield

Y =929.01: —50.94Z,,4-0.81Q,.,,-10.67T

The cocfiicient of determination, 0.62, is

significant at 1 per cent level.

3.1.1. Effect of maximum temperature at con-
stant relative humidity

The rate of change of final yield with respect
to temperature at any week during the growing
season for different values of relative humidity
covering the observed range at the station has been
computed from the equation:
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It is observed that benclicial effects of above
average maximum temperature on yield increased
with rise in humidity while detrimental effects
decreased.

Per cent change in yield for each degree of
temperature rise above average at different stages
of crop growth is presented in Figs. 2 (a-c).
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Figs. 2(a-c). Effect of 1°C above average maximum temperature on rice yield at different levels of relative humidity
(14 hr) : (a) Initial growth phase, (b) Grand growth phase, (c) Ripening phase
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Figs. 3(a-¢). Effect of 1°C above average relative humidity (14nr) on rice yield at different levels of maximum tempe-
rature during : () Initial growth phase, (b) Grand growth phase, () Ripening phase

At initial growth stage (Fig. 2 a) effects of tem-
perature on yield have been computed for relative
humidity varying from 20 to 80 per cent at an
interval of 15 per cent. The small adverse effects
are observed in 4th and 7th weeks and elsewhere
the effects were negligible.

Effects during growth phase (Fig. 2 b) have been
computed for relative humidity varying from 40
to 80 per cent at an interval of 10 per cent. Bene-
ficial effects are observed in active vegetative phase
of the crop except in the beginning of the phase.
This is expected as high temperature accompa-
nied with high humidity is good for tillering and
growth of the crop. During lag vegetative and
reproductive phases, small detrimental effects are
observed in general. The adverse effect is pro-
nounced in 20th week which corresponds to
flowering stage of the crop. The adverse effect

is of the order of 0.6 per cent for one degree rise
in temperature. However, the adverse effect
decreased with the rise in humidity.

During the ripening phase (Fig. 2¢), relative
humidity varying from 25 to 635 per cent at an
interval of 10 per cent has been considered for
studying the joint effects. Adverse effects are
observed in the beginning and later part of the
phase. At this time high air temperature averag-
ing approximately 20°C are not favourable
(IRRI 1976) and humidity requirement is 67 to
68 per cent (FAI 1969). Since observed humidity
is in the range of 57 to 38 per cent (lower than the
required) and temperature 31.3 to 29.4°C (higher
than the required), adverse effects due to further
rise in temperature are observed. Here again,
adverse effects decreased with the rise in humi-

dity.
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Figs. 4(a-c). Effect of 1°C above average maximum temperature on rice vield at different levels of rainfall during
(a) Initial growth phase, (b) Grand growth phase, (c) Ripening phase

It is observed that beneficial effects of above
average maximum temperature on yield increased
with rise in humidity during active vegetative
phase while detrimental effects decreased in other
phases of crop growth. The adverse eflfect is
pronounced during flowering stage of the crop.

3.1.2. Effect of relative humidity at constant
maximum temperature

The rate of change of final yield with respect
to humidity at any week during the growing sea-
son for different values of maximum temperature
in the range 25 to 45°C at an interval of 5°C has
been computed from the equation :

BY r’lsw Xlw
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X 08—

ré 20
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The rise in humidity has small beneficial effects
in general throughout the crop season (Figs. 3 a-c).
Beneficial effects are pronounced during the later
part of the reproductive phase of the crop which
corresponds to flowering stage. At this time suf-

ficient moisture is required for proper seed setting,
The effects increased with the increase in tem.
perature. The beneficial effects ranged between
0.7 to 1.25 percent for one degree increase in
transformed humidity for temperature varying
between 25 & 45°C.

3.2. The joint effect of maximum temperature
and rainfall

The multiple regression equation for studying
the joint effects of rainfall and maximum tempera-
ture is :

Y=2370.18 — 93.77 Z,34157.84 Zgy—
—555.42 Zy, 255.40 Z33+19.450,,,
—11.49 Q,4,4-15.25 T

The coefficient of determination (RY, 0.71, is
significant at 1 per cent level.

3:2.1. fE__f;}'ct of temperature at constant rain-
a

The rate of change of final yield with respect
to temperature at any week during the growing
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Figs. 5 (a-c). Effect of 1 cm above average rainfall on yield at different levels of maximum temperature during
(a) Initial growth phase, (b) Grand growth phase, (c) Ripening phase

season for different values of rainfall has been
computed from the equation :
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At initial growth phase (Fig. 4a) effects of tem-
perature on yield have been computed for rainfall
varying from 0 to 20 cm at an interval of 5 cm.
The effects are detrimental in general at average
rainfall observed in Raipur district. TheJadverse
effect is of the order of 1.5 per cent at average
rainfall at 7th week. The increase in rainfall has
reversed the effects except towards the end of initial
growth phase.

Effects during growth phase (Fig. 4 b) have been
computed for rainfall varying from 0 to 40 cm

at an interval of 10 cm. Rise in temperature as-
sociated with high rainfall has beneficial effects
during this phase. This is expected as high tem-
perature with more water is good for crop growth
in this phase.

During ripening phase (Fig. 4c) rainfall vary-
ing from 0 to 10 cm at an interval of 2 cm has
been considered. In general, adverse effects are
observed. Adverse effects ranged between 0.9
and 1.4 per cent at average rainfall except in 22nd
and 23rd week when the effects are small. Adverse
effects decreased with increase in rainfall except
in the last week of this phase.

Beneficial effects of above average maximum
temperature on yield increased with increase in
rainfall while adverse effects decreased in gene-
ral.

3.2.2. Effect of rainfall at constant tempera-
ture

The rate of change of final yield with respect
to rainfall at any week during the growing seasop
for maximum temperature varying from 25 to 45° C
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with an interval of 5°C is obtained from the equa-
tion :
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The increase in rainfall with sufficient tempe-
rature is beneficial for the crop exeept in 7th and
25th weeks which correspond (o the end of ini-
tial growth and ripening phases of the crop,
(Figs.5 a-c).

The study reveals that interaction among wea-
ther factors is important and should be included
in the models of crop-weather relationships. The
suggested model can also be used for crop fore-
casting by using partial crop season data.
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