Mousam. (1996), 47, 1 85-90

632.111.8:633.18

Effect of temperature and sunshine on the productivity of rice crop
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ABSTRACT. Based on the experimental work with 8 dilferent thermal and light enviconments. the
elfect ol temperature and sunshine on rice crop (var: [R-36) was studied. It was found that the rice crop
grown during winter/summer season experiences extremes of minimum lemperature at seedling and
vegetative siages and extemes of maximum temperature at vepronductive and maturity stsges. Correlation
coeflicients between the grain yield and maxinuin and mininmum emperatures. growing degree days aml
total number of sunshine hours at each of the growth stages. viz. scedling. vegetative. reproduactive imd
maturity stages were worked o

Multiple regression eguation was worked out with 3 purameters uplo vegetative stage 1o predict the
grain yield ol nce
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1. Introdaction during monsoon season. The sowing time of the
crop depends upon the onset of monsoon while
For better crop growth. development and finally the harvest time is around mid-November as the
for grain yield. three important climatic regimes. winler conditions (night temperature below
viz, moisture. thermal and light regimes. need 1o be 12-15°C) set in afterwards. In years of late
in oplimum conditions. Doorenbos and Pruitt onset of monsoon. the rice crop sullers from cool
i (1977) expressed that the productivity of a crop is weather conditions at reproductive and maturity
dependent on the extent to which certain optimum stages and in case of early onset of monsoon,
conditions of solar radiation. temperature and sunshine during the reproductive stage limits
growing degree days are satisfied during different the productivity of early maturing varieties
. stages of crop growth. Each growth phase of rice like TR-36. Therefore. in this paper. an
crop. according to Yosihda (1978) has critical low attempt has been made to examine the elfect of
and high temperature limits. normally above 20°C thermal and light regimes at different growth
and below 30°C. Phenology models are used based stages on crop productivity for this particular
on Growing Degree Days (GDD) for evaluating the viriely.
length of growing season and thercby productivity
(Major er al. 1975 and Neild & Secley 1977). 2. Material and methods
In Chhatisgarh region of Central India (Fig. Experiments were conducted at the Research
1) rice is grown in about 3.7 million hectares Farm of Indira Gandhi Agriculture University.
(%)
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Fig. I. Location map of Chhattisgarh region and different agroclimati zones

Raipur to examine the influence of temperature and
sunshine on productivity of rice crop (var : IR-36)
during the monsoon and winter seasons of 1992-93
and monsoon season of 1993.

There were. altogether, 8 sowing dates, viz., 20
June. 5 July, during kharif 1992. 9 December. 2
January. 25 January during rabi 1992-93 and 25
June, 10 July. 4 August in kharif 1993. The
meteorological data required for the analysis were
collected from the adjacent agro-meteorological
observatory. The GDD urder each of the sowing

dates were computed using the formula (Major
et al. 1975):

GDD = i (Tmax:Tmin)

i=1 2

- T (1

where.,

T'max = Daily maximum temperature (°C)
Thin = Daily minimum temperature (°C)
I; Basal temperature

Il

The Basal temperature, in this case. is taken as 10°C
:§ the minimum of cardinal temperatures for rice
5 10°C (Mavi 1986). Correlation coefficients and

multiple regression equations were worked out bet-
ween the grain yield (Y) and mean maximum and
minimum temperatures, bright hours of sunshine
and growing degree days at each of the growth
stages. viz, seedling, vegetative. reproductive and
maturity stages.

3. Results and discussion

The average maximum and minimum tem-
peratures. total growing degree days and total
number of sunshine hours from sowing to harvest
of the crop on 8 different dates of sowing during
the study period are shown in Table 1. As the crop
grown during winter/summer period flowers and
matures during peak summer season, the total
number of degree days was much higher during
winter period than during monsoon season.
Similarly, crop grown during the winter/summer
period received 2 to 2.5 times more number of sun-
shine hours than the crop grown during monsoon
season. With higher temperatures, growing degree
days and total number of sunshine hours, the pro-
ductivity of rice is always higher in this area dur-
ing winter/summer season as compared to
monsoon season.

With 8 different thermal and light environments
during the growing season of the crop in the study
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TABLE 1

Average maximum and minimum temperatures, growing degree days and total bright
sunshine hours during the growing period for different dates of sowing of rice crop (var : IR-36)
and corresponding grain yield

Date of Maximum Minimum Growing Total bright Yield
sowing temp. temp. degree sunshine (kg/ha)
(°C) (*C) days hours
20 Jun 1992 34 228 2035.6 544.0 3650.0
5 Jul 1992 310 0l 19776 641.8 2050.0
9 Dec 1992 323 174 24318 1372.8 5485.0
2 Jan 1993 36,1 184 28348 1540.6 4800.0
25 Jan 1993 371 197 27166 1351.2 6514.0
25 Jun 1993 30.8 247 20269 5578 4416.0
10 Jul 1993 KlA 2319 1960.6 6421 3417.0
4 Aug 1993 301 19.7 1789.2 774.0 2200.0
Average 324 211 2217 928.0 4066.5

period. the effects of temperatures. growing degree
days and total number of sunshine hours were
worked out for each of the growing seasons and for
each of the sowing dates.

The range of temperatures. growing degree-<days
and total number of sunshine hours in each growth
period are given in Table 2. It can be scen that the
range of the mean maximum temperature averaged
for each date of sowing was 28.3 10 34.7. 29.4 10 36.9.
29.5 10 43 and 29.5 to 43.6°C during seedling. vege-
tative reproductive and maturity stages respectively.
Thus. the range of maximum temperatures was
higher during reproductive and maturity stages in
kharil and rabi crop. For the minimum tempera-
ture. the lower limits of the range are detrimental for
the growth and development of rice crop. For exam-
ple. during the seedling stage the range of minimum
lemperature was 9.8 to 23.6°C while at reproductive
stage the range was 19.1 1o 23.4°C. The maximum
temperatues during reproductive and maturity
stages and minimum temperatures during seedling
and vegetative stages are in the extreme limits for
the winter/summer crop. The range of growing
degree days varied from 1789 to 2835 with the mean

Similarly. the range of the mean total number of
sunshine hours was 69.5 to 486.5 hours. 79.4 to 378 4.
1034 to 408.0 and 215.1 10 357.3 hours during seedl-
ing. vegetative. reproductive and maturity stages res-
pectively. The higher values of total number of

sunshine hours during the seedling stage were due
to longer duration of seedling stage (30-40 days)
during winter season.

Based on the data of 8 different crop-growing
environments for rice, correlation coefficients bet-
ween the grain yield and each of maximum and
minimum temperatures. growing degree days and
total number of sunshine hours were worked out
and are shown in Table 2.

[t can be seen that the sunshine hours during the
seedling And vegetative stages are significantly cor-
related with crop yield. as during these stages. sun-
shine becomes a limiting factor for the crop grown
during kharif seaon while the maximum tempera-
ture is significantly correlated with grain yield in all
stages of crop growth except in seedling stage.

Interestingly. the minimum temperature during
seedling stage was negatively and significantly cor-
related with grain yield while it is positively cor-
related during maturity stage. As the rice crop is
exposed to lower night temperatures at maturity
stage for the crop grown during monsoon season,
higher minimum temperatures are favourable for
higher productivity, But the negative correlation of
minimum temperatures during seedling stage needs
some more thorough investigation.

Multiple regression equations between the four
parameters averaged for the season and grain yield
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TABLE 2

Range of temperatures, growing degree days and total number of sunshine hours averaged for
each growth stage of rice crop

Stage of crop Max. Min. Growing Total Yield
temp. temp. degree bright (kg/ha)
(°C) °Cy days sunshine
(GDD) (hrs)

Initial Seedling stage
() Highest*
(i) Lowest**

(iif) Mean
Vegetative stage
(i) Highest
(if) Lowest
(i) Mean
Reproductive stage
(i) Highest
(i) Lowest

tiir) Mean

Maturity stage
() Highest ‘ 86213
(fi) Lowest i 3247

(iif) Mean ] 600.6

Whole crop growth period
() Highest 371 237 6514.0
(1) Lowest 3ol 2050.0
(1ii) Mean 324 21.1 ] 4066.5

* Highest of the averages of 8 thermal environments.
** Lowest of the averages of 8 thermal environments.

TABLE 3

Correlation coefficients between grain yield of rice (IR-36) and maximum and minimum (emperatures,
growing degree days and total number of sunshine hours at each growth stage

Correlation coefficients with

Max. Min Growing Total
temp. temp. degree sunshine
(o] °Cy days hours

Seedling —-0.36 —(.78* 0.80* 0.82*
Vegelative 0.75* =062 061 0.78*
Reproductive 0.77* (.23 0,76* 0.53

Maturity 0.80* 0.79* 0.80* —(.06

* Significant ar 5% level




EFFECT OF TEMP & SUNSHINE ON RICE 89

at each of the crop growth stages were also worked
out. The coefficients of determination are signifi-
cant at reproductive and maturity stages only. The
partial regression coefficient of maximum tempera-
ture and GDD during the reproductive stage has
great influence and accounted for 84% of yield
variation. Similarly, in maturity stage, all the three
partial regression coefficients are significant except
sunshine hours and accounted for 91% of yield
variation. As all the parameters are not significantly
correlated with grain yield at all the stages, multiple
regression equation between the grain yield and the
10 significant parameters at dfferent growth stages
(as per Table 3) has been worked out and found
as follows :

Y = —11638—- 53X, - 254X,
+ 164 X3 + 6003 X4 — 9.5X5
+ 633X — 9.5X7 — 126.0 X3

+ 298.2 Xg — 2.6 X1 (2)
(R2 = 1.00**)
where,
X; - Minimum temperature during seed-
ling stage (°C)
X — Growing degree days during seedling
stage (°C)
X3 — Total number of sunshine hours dur-
ing seedling stage
Xs — Maximum temperature during vegeta-
tive stage (°C)
X5 — Total number of sunshine hours dur-
ing vegetative stage
X — Maximum temperature during rep-

roductive stage (°C)

X7 — Growing degree days during rep-
roductive stage

Xg — Maximum temperature during matu-
rity stage (°C)

X9 — Minimum témperature during matu-
rity stage (°C)

X0 — Growing degree days during matu-
rity stage.

Thus, it can be seen that the regression equation
with 10 variables can estimate the grain yield with
R2 = 1.0, though it is too idealistic. Regression
equations with less number of parameters, with 10,
9,8, ... upto 2 parameters, were worked out and it

was found that in regression equation with first 5
variables, R2 value was 091. Thus, a regression
equation, with these initial 5 variables till vegetative
stage, could explain the yield variability upto 91%
which is fairly high and significant at 1% level. The
parameters used are upto vegetative stage only and
hence can be used for prediction of the productivity
of rice (var : IR-36) atleast 2 months before the crop
harvest. The regression equation with these 5
variables is given below:

Y = 27949 - 9.0X; — 54X,
+ 204X + 134.6 X4 — 24.2 X 3)
(R2 = 091**)

(The variables X to X5 denote same meaning
as above)

With the above equation based on temperatures
and their derived parameter GDD and also sun-
shine hours upto vegetative stage, the productivity
of rice crop variety IR-36 can be predicted by the
end of vegetative stage. This is tested against rabi
1993-94 and the estimated yield was 4368 kg/ha,
whereas the actual yield obtained was 4409 kg/ha.
Thus, the equation estimates the productivity fairly
well if temperatures and sunshine hours are con-
sidered upto vegetative stage only.

4. Conclusions

Experimental work on the effect of temperature
and sunshine on the productivity of rice (var: IR-
36) revealed that the maximum and minimum
temperatures and their derived factor, growing
degree days and sunshine hours at different
growth stages have influence on productivity of
rice. Multiple regression equation for estimating
the yield of rice with 10 significant parameters at
different growth stage was worked out. Multiple
regression equation with the first 5 parameters
which are considered till the end of vegetative
stage of crop growth has R2 value of 0.91 which is
highly significant. This equation, as it has
parameters till vegetative stage, can well be used as
a yield prediction equation about 2 months before
the crop harvest. This equation was used for
estimating the rabi 1993-94 crop yield and the
estimate was found fairly good.
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