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A simple approach in assessing the impact of weather on riceyield in tworice

growing seasons at Pattambi, Kerala
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ABSTRACT. .A study was conducted with high yielding Jaya e@riof rice grown during kharif and rabi seasons
in sandy loam soil under rainfed and irrigated dthowl respectively at Pattambi. The analysis wasedaon a simple
multiple regression technique for developing, thaation and then considering one element at a éisneariable when
other elements were considered constant. The smdygles determination of response of Jaya variety yo different
ranges of weather parameters in kharif and ralsicea

Rainfall was found to be negatively correlated wiigld in both the rice growing seasons when wegquirement
is fully met from rainfall or when it is grown und@rigated condition in rabi season. Very highnfall in kharif or
relatively high rainfall in rabi season were foutetrimental causing reduction in rice yield in Rdtie seasons. For both
the seasons mean maximum and minimum temperat@® & and about 22C appear ideal for optimum yield. More
hours of bright Sunshine700 hours) during rabi season favoured higheryiielel where as yield remained more or less
constant when the kharif rice experienced brighshine in the range of 300 to 500 hours.

K ey words - Simple multiple regression technique, Photoinsetesdaya variety, Diurnal temperature.

Introduction seasons overcast skies and relatively low maximum

temperature (25C) and high minimum temperature

Though rice can be grown all throughout the year in (20° C) in the vegetative and flowering phases

India, yet it is mostly cultivated during the kHaseason.

It is generally believed that rice yield varies dte
variations in weather mainly due to variable rdinfahe
extent to which the crops weather requirementsnase
varies widely in Indian regions and that gives rieea
wide variety of cropping practices and systemseRsdhe
natural choice in monsoon areas where mean pratgrit

in the region of India are not conducive to optimu
net assimilation of photosynthate and nutrient
absorption  (Sreenivasan and Banerjee, 1978).
Because of variation in meteorological parameters
in different crop growing seasons, the yield oferic
varies considerably in the region. In this studyattempt
has been made to assess the impact of weathercen ri

in this season exceeds 100 cm. However, the monsoolield at Pattambi, Kerala during the twoerigrowing
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Figs. 1(a&b). Average maximum and minimum temperature totalfadlirand total
bright sunshine hours during (a) kharif and (b) rate growing season

seasongiz., kharif (June -September) and rabi (October- temperature at 24°6. The air is highly humid throughout
January). For this study the weather experiencedhby the year, the relative humidity being generally 0v6%
crop during the growth phases from transplanting to (Climate of Kerala state — IMD, 1986).

harvest have been considered. The rice yield dath a

weather for 12 years for Jaya variety from 1974980

for kharif season and 11 years from 1978, 19814188 The kharif season is the teeriod when  paddy
1991 and 1993 for rabi season are considered. transplanting commences in th€ 84" week of June or
1% week of July and harvesting starts in mid Septmb

2. Climateand crop seasons at Pattambi onwards. On the other hand transplanting commeimnces
the 29/ 3% week of October and harvesting begins in
Pattambi (10° 48N, 76° 12 E) is located 25 m.a.s.l.,, January in rabi season. Kharif rice is transplaiatiéer the
in Palghat district of Kerala. The district hasrapical heavy rains of June or early July. It receives ager
climate with an oppressive hot season and plensind rainfall of 1220 mm during the crop-growing seasdhe
fairly assured seasonal rainfall in the kharif s@asThe Ccrop experiences an average maximum temperature of
average annual rainfall in the district is 2396 ®.nMarch 29.7° C and minimum temperature of 22.7° C. A mean
is the hottest month with the mean daily maximum total bright sunshine hour is 462 hours duringghmwing
temperature at 3724C and the mean daily minimum period of the crop [Fig. 1(a)].
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TABLE 1(a)

Estimated yield of Jaya for different weather parametersfor kharif season

Max. temp. Estimated Min.temp. Estimated Total rainfall Estimated Total bright Estimated
Year (°C) yield (°C) yield (mm) yield sunshine (hour: yield
X1 (kg/ha) Xz (kg/ha) X3 (kg/ha) X4 (kg/ha)
1974 29.0 1872.4 22.6 1526.9 2191.9 -1492.4 359.9 1611.0
1975 28.9 1909.9 22.6 1526.9 1580.8 438.3 262.0 0.2464
1976 30.3 1397.9 22.8 1580.3 901.5 2585.3 496.0 0.257
1977 29.5 1689.9 22.8 1580.3 1105.0 1942.2 502.0 68.15
1979 30.1 1470.9 22.8 1580.3 12421 1509.0 499.8 69.15
1980 29.9 1543.9 23.1 1660.5 1507.3 671.0 451.6 3.558
1983 29.9 1543.9 235 1767.5 1254.4 1470.1 4235 91.95
1984 29.3 1762.9 22.8 1580.3 918.7 2531.0 522.6 2.256
1985 29.5 1689.9 22.9 1607.1 1022.8 2202.0 486.1 73.25
1987 30.8 12154 22.8 1580.3 759.6 3033.7 574.4 6.754
1989 30.0 1507.4 22.9 1607.1 937.8 2470.6 534.3 8.755
1990 30.1 1470.9 21.7 1286.3 1212.7 1601.9 433.3 89.05

The rabi rice is transplanted after the withdraafl
south-west monsoon under irrigated conditions. This
season receives a meagre amount of rainfall (agerag
rainfall = 239.9 mm) during the crop-growing seasbhe

crop experiences an average minimum temperature of

21.¢¢ C and maximum temperature of 32.4° C. A mean
total sunshine hour is 680.9 hours during the gngwi
period [Fig. 1 (b)].

3. General methodology

To study the impact of weather on rice yield at two
distinctly different rice-growing seasons, multidlaear

regression technique was applied. Multiple regoessi
equations have been developed for both the crogoeea

using predominant Meteorological parameters such asy

maximum and minimum temperatures, total rainfaldl an

total sunshine hours. The regression equations thus

obtained are given below for kharif and rabi season
respectively.

Y = 10355.2- 365.0X; + 267.3X,— 3.16X3 — 0.3%,

1)
M.C.C. = 0.78, Significant at 1 % level.
Y =-12.21- 2.89X; + 5.51X, — 0.0207X;
+0.034X, (2)

M.C.C. = 0.84, Significant at 1% level.

Where,Y is the estimated yield in kg/ha for Eqn. (1)
and in g/ha for Eqn.(2)

X1 — Mean maximum temperatureQ)

X, - Mean minimum temperaturéQ)
X3 - Total rainfall (mm) in the growing seasons.
X4 - Total sunshine hours in the growing seasons.

The estimated vyield for each meteorological
parameters have been computed for both the seasaohs
presented in Tables I(a&b). In estimating the yiglds
assumed that only one meteorological parameter is
influencing the vyield and the other meteorological
parameter remain constant. The yields for differerdrs
have been computed varying only one meteorological
parameter and taking mean values of other metegioab
parameters for kharif and rabi seasons.

Results and discussion

An attempt has been made in this study to find out
the relative importance of each of the weather etgson
yield both for kharif and rabi seasons for the sawmgety
Jaya. The study revealed that both maximum and
minimum temperatures have played the most important
role towards rice yield at Pattambi. Jaya varietkes
about 130-135 days for maturity. This variety isubh
photoinsensitive but sensitive to temperature amag h
performed well under higher number of bright sunshi
hours in rabi seasons. The average maximum tenyperat
during the crop-growing season at Pattambi for ikhar
season was 29.8° C and for rabi season was 32.ButC.
the average diurnal ranges of temperature were
respectively 7.0 and 11.3° C during kharif and rabé
growing seasons. This higher diurnal range of teatpee

in rabi season has provided favourable conditioms f
efficient conversion of solar energy in to photasgsis
and net gain of photosynthate.
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TABLE 1(b)

Estimated yield of Jaya for different weather parametersfor kharif season

Max. temp. Estimated Min. temp. Estimated Total rainfall Estimated Total bright Estimated

Year (°C) Yield (°C) Yield (mm) yield  sunshine (hour: yield
X1 (kg/ha) Xz (kg/ha) X3 (kg/ha) Xa (kg/ha)
1978 325 1701 21.8 3103 579.4 1794 714.7 2833
1981 325 1701 22.2 3324 320.4 2499 630.0 2544
1984 321 1806 21.2 2773 176.6 2899 823.2 3203
1985 324 1730 21.9 3158 198.7 2829 677.6 2706
1986 32.6 1672 21.3 2828 408.4 2259 671.3 2685
1987 32.2 1788 21.4 2883 427.2 2208 654.5 2627
1988 33.0 1556 19.2 1671 32.8 3281 718.9 2847
1989 324 1730 21.7 3048 258.5 26.67 681.8 2721
1990 321 1806 21.6 2993 7.7 3159 515.9 2155
1991 32.1 1806 19.5 1835 63.5 3197 725.9 2871
1993 321 1806 20.0 2111 96.1 3109 676.9 2701
Fig. 2 (a) shows that during kharif season, optimum 2000 _(a) Kharif season

yield was reached when maximum temperature was
around 28.9° C. The yield showed a decreasing tvétid

1900

increase in maximum temperature. Fig. 2 (b) shdves t 1800
for rabi rice optimum yield was reached for a maxim

temperature of about 32.1° C, and a subsequentirrise o i7oo |-
maximum temperature had adverse impact even wihin 1oy |
narrow range of maximum temperature variation o032 :

to 33.0° C on yield particularly after 32.5° C wheimarp g '%oor

decline in yield took place. Temperature influenbesh 1400

growth duration and growth pattern of the rice plan I

Extreme high temperatures are a critical factorriae 1300

production because they induce spikelet sterility L I ! .
(Oldemarﬂt al., 1986) 1900 (b) Rabi season

On the contrary a rise in minimum temperature —_

helped better yield for both kharif and rabi ri€gg. 3 (a) 1700
shows that for kharif season, minimum temperature o

g -
about 23.8 C appears to be ideal for optimum yield. Yield < 1600
increased gradually with the increase in minimum 3:|soo_
temperature. Increase; in yield was observed when ‘gmoo

minimum temperature increased above 21.6 to°28.5
For the kharif rice-growing season the minimum 1300 |
temperature ranged between 21.7 to 235 and the
maximum temperature ranged from 28.9 to 30@&
Whereas in rabi season, rice crop experienced anuam 5 & = 2
temperature range of about 19.0 to 2Z0and maximum

temperature range of 32.2 to 33@. Fig. 3 (b) shows that

in rabi season optimum yield at Pattambi was oleskrv Figs. 2(a&b). Relationship between maximum
when the crop experience average minimum temperatur temperature and rice yield during

(a) kharif season and (b) rabi season
of about 22.0 C. at Pattambi, Kerala

1200

Max.Temp°C

Osada (1964) also showed that the optimum process, leading to a higher net photosynthesiergfr
temperature range for a better yield is from 2350C. A 1986). Our results confirm the Osada (1964) findiagd
high diurnal difference leads to a more efficient also establish that rabi rice growing seasons isemo
conversion and use of solar energy in the plyotbgsis suitable for higher rice yield due hagher diurnal
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Figs. 4(a&b). Relationship between rainfall and rice yield

Min. Jemp C duri kharif d (b) rabi
. . . - ring (a) kharif season an rabi season
Figs. 3(a&b). Relationship between minimum atjlga?tzgm)bi Ke!rala (b) !

temperature and rice yield

during (a) kharif season and (b) . . . .
rabi season at Pattambi, Kerala rainfall and meager amount receives during rabssea

the farmer grow rice only under irrigated condition
variation in temperature (11.3° C) and higher hrigh During rabi season the crop is irrigated at a ragul
sunshine hours. interval for maintaining standing water level. Tdmount

and distribution of rainfall is so meagre and ecrahat

On an average the crop experienced higher rainfall farmers do not consider this rainfall as resouraes

the range of 940 to 2192 mm during the growingqeeri ~ planning the management practices. Thus this meagre
Jaya being short duration high yielding variety uiegs amount of rainfall associated with more humiditydan
much less seasonal rainfall for its growth and migtu ~ more cloudy days provided congenial conditions for
compared to that of long duration varieties. An amoof  infestations of pests and diseases in the rabicéessing
about 800-900 mm [Fig. 4 (a)] appears adequategare  the low yield. Dubey and Ronghe (1986) also foumat t
proper growth (Samui and Choudhari, 1994). As @ast minimum temperature of 17-1& in November increased
regions of Kerala receives heavy rainfall in mobthe the incidence of pest infestation. Reduced preatipit
time in kharif season flooding in the rice field,dommon also results in increased solar radiation, wheremia not
phenomena which cause water logging and runoffastm limiting factor due to irrigation. The increase @olar
of the growth stages. These conditions might haesed radiation during the rice-growing season when gdinf
reduction in yield in association with damages doe was less also resulted in increased yields (IRRE)L9

pests and diseases attack due to favourable hdtamdi
weather conditions. In kharif season, the crop received a total hodrs o

sunshine in the range of 262 to 574 hours onlyngutihe

On the contrary rabi rice at Pattambi is cultivated crop growing period. Total sunshine hours of ab4®

under irrigated conditions. The crop experienced hrs were found to be ideal for optimum yield [Fig(a)]
rainfall in the range of 35 to 570 mm in rabi seasor under Pattambi condition. Yield remains more orsles

the years considered in this study. Fig. 4 (b) alsows constant even though total sunshine hours increaisede

that, yield decreased even with an increase ofathim 550 hours. The rabi rice received total sunshingrdiin

this narrow range at Pattambi. Because of uaicytof the range of 515 to 820 hours during its dhoperiod.
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Figs. 5(a&b). Relationship between bright

sunshine hours and rice

yield during (a) kharif

season, (b) rabi season at
Pattambi, Kerala

Higher sunshine hours of about 800 hours in théniaé
growing season was found favourable for higherdgel
[Fig.5 (b)]. In rabi season higher duration of Ibtig
sunshine hours was received compared to that afifkha
season. In general yield increased with the ineraas
sunshine hours in rabi season. Higher solar radiati
particularly during reproductive and ripening stgs
found conducive for higher yields (Sastry, 1976).

5. Conclusions

(i) Higher diurnal temperature ranges play the most
important role towards higher rice productions. lig
diurnal ranges (11.3° C) during rabi rice growiegson is
found optimum for higher rice yield compared to tha
season when diurnal range is much less.

(if) Under irrigated condition during rabi seasorgud
free days with higher amount of bright sunshineofag
rice growth and yield. 800 hours of bright sunshine
appears adequate to ensure higher yield of Jayahin
season. An amount of about 900 mm seasonal rainfal
appears adequate for proper growth and yield irrikha
season.

(April 2003)

(iii) Photoinsensitive Jaya has potential to produsgy v
high yield of about 4100 kg/ha in rabi rice growisgason
under Pattambi condition.

(iv) This simple analysis technique has brought cearty
that photoinsensitive rice varieties are preferataybe
grown in rabi season under irrigated condition gsin
suitable water management practices. Shifting oe ri
growing season from June- September to August-
November would be preferable so as to achieve fiaten
yield by exploiting the better thermal, radiationdasoil
water regimes during October-November .
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