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ABSTRACT. Soybean is gamning importance in India. Identifying suitable soybean growing seasons
necessitates for exploiting maximum yield potential in -.peum location. A time of sowing experiment with
soybean var. Co. | was conducted to find the best time of sowing in summer and monsoon wet seasons at Tamil
Nadu Agricultural  University, Coimbatore. The influence of weather parameters prevailed during
critical crop growih stages and whole cropping period on seed yield of soybean was studied.
The production potential of soybean crop can be increased when grown in seasons having the maximum
tempearture of 31.2 C to 31.6 “C, minimum temperature of 20.4 “C to 20. 9°C, cumulative heat unit values
of 1274 10 1292 and total bright sunshine hours of 383 to 456 for the whole cropping period.

1. Introduction

The weather paramcters play & major role in determin-
ing the crop yield because these strongly influence the
physiological expression of genetic potential of the crop.
It is well known that the yield from any given crop or
variety dzpends onth: extent to which certain optimum
conditions of solar radiation, temperature, heat units.
ete, are satisfied during different stages of crop growth.
Doorenbos and Pruit (1977) differentiated the growth
stages of soybean having a duration of 85 days as initial
stage (0-15 days). development stage (16-30 days),
mid-season growth stage (31-70 days) and late-scason
stage (71-85 days). The soybean is a short day plant.
All varieties flower in less than 30 days after emergence
il exposed to day light less than 12 hours (Beard and
Knowles 1973). Whigham and Minor (1978) jointly
claimed the attainment of light saturation of soybean at
20 klux in green houses and 43 klux in growth chambers
but not under ficld grown soybeans even at 150 klux.
Temperatures below 24 C would normally delay flower-
ing by 2 or 3 days for each decrement of 0.5°C or below.
Flower initiation was accelerated when mean tcmpera-
tures increased from 15° to 32°C. Temperatures above
40°C had an adverse effect on the rate of node formation,
internodal growth and flower initiation. Heat stress of
407 to 46°C resulted in pod abscission. Temperatures
of 18°C or less did not permit pod set. Seed size was the

greatest when plants were grown at 27°C and the number
of pods per plant was the highest at 30°C. Heat unit
concept is the agronomic application of temperature
effect on plants based on the idea that plants have a
temperature requirement for their growth, development
and maturity. Brown (1960) proposed the *“soybean
development unit™ based on temperature which could be
used to predict soybean maturity.

The objective of this study is to find the influence of
the most important climatic factors, viz., maximum
temperature, minimum temperature, heat units and the
total bright sunshine hours at critizal crop growth
stages as well as the whole crop growth period on the
seed yield of soybean crop.

2. Materials und methods

A time of sowing experiment was conducted in red
loamy soil under irrigated condition during the year
1982 with soybean var. Co. | with a duration ol 85 days
at the Pulse Breeding Station, Tamil Nadu Agricultural
University, Coimbatore. It is located at 11°N latitude
and 77°F longitude at an altitude of 426 metres above
mean sea level. The average annual rainfall is 640 mm
distributed in about 50 rainy days with its peak in
October. The highest mean relative humidity is 76 per
cent and the lowest mean relative humidity is 58 per cent
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TABLE 1

Maximum, minimum and mean values of weather parameters and seed
vield at critical growth stages and whole growth period of soybean crop

Max. Min.  Cumulative Total bright Seed yield
Character/Stage of crop temp. temp.  heat units sunshine (kg/ha)
('C) (°C) hours

Initial seedling stage (0-15 DAS)
(1) Maximum 35.7 22.3 242.1 166.5 (11.1) -
(if) Minimum 30.8 16.8 201.5 61.5 (4.1) =
(iii) Mean 33.7 20.5 228 .4 127.0 (8.5) —
Crop development stage (16-30 DAS)
(/) Maximum 38.0 23.1 242.1 160.5 (10.7) —
(if) Minimum 30.5 17.3 208.5 46.5  (3.1) -
(iif) Mean 33.8 21.0 231.2 14,8 (7.7) —
Mid season growth stage (31-70 DAS)
(1) Maximum 35.2 22.1 642.7 424.0 (10.6) =
(i) Minimum 30.3 19.8 5879 156.0 (3.9) -
(iif) Mean 32.9 20,2 565.2 2720 (6.8) —
Late season growth stage (71-85 DAS)
(1) Maximum 5.1 22.3 242.2 135.0 9.0 =
(7i) Minimum 30.3 18.9 217.3 5.0 (3.4) -
(iii) Mean 32.5 20,9 230.5 95.3  (6.4) -
Whole crop growth period (0-85 DAS)
(/) Maximum 35.0 21.8 1348.2 859.0 (10.1) 867
(ii) Minimum ' 1.2 19.3 1264.8 383.5 4.5 11
(iii) Mean 33.2 20.9 1308.6 609.1 (7.2) 395

with a grand mean of 67 per cent. The maximum
temperature ranges from 28.4° t0 35.1°C with a mean of
31.4°C'and the minimum temperature ranges between
18.4% and 23.2°C with a mean of 21.2°C, Heat units
have been computed using the formula suggested by
Major et al. (1975) :

n

S i L
L X+ X
i=1 2

where,

X,"J = Maximum temperature in “C for day;
X,f" = Minimum temperature in 'C for day:

n = Number of days thermal units were accumu-
lated ;

10 =10°C is the base temperature for soybean.

Multiple regression equations have been worked out
involving the seed yicld of soybean (¥), mean maximum
(X,) and minimum temperatures (XX,), heat units (X3)
and total bright sunshine hours (X,) for each critical
crop growth stages as well as whole crop growth petiod.

3. Results and discussion

The weather parameters, viz., maximum and minimum
temperatures, cumulative heat units and total bright
sunshine hours prevailed during whole crop growth
period and at critical growth stages of soybean crop is
presented in Table 1. The correlation and regression
of seed yield and weather parameters during critical
crop growth stages and whole cropping period is presen-
ted in Table 2.

3. 1. Initial seedling stage

The mean values of maximum temperature, minimum
temperature. cumulative heat units .and total bright
sunshine hours during the initial seedling growth stage
of soybean crop were 33.7°C, 20.5°C, 228.4 units and
127.0 hours respectively. Heat units had strong posi-
tive relationship with maximum temperature (r=0.9941)
but negative towards the total bright sunshine hours
(r= —0.7475) during the initial seedling growth stage
ol soybean crop. The weather parameters, viz., maxi-
mum and minimum temperatures. heat units and the
total bright sunshine hours whether positive or negative
had no significant influence on the seed yield of soybean.
However, 82.8 per cent of yield was contributed by the
combined eflect of the above weather parameters studied
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TABLE 2

Correlation and regression of seed yield of soybean and weather parameters

X, X, : X5 X1 Partial SEb; ‘ R,
regression
coefficients
%
i : (a) Initial growth stage
i : a=06008.15 .
Y —0.7379 10.2182  +0.2875 © 0.6738  h,—=122.73 SEb,— 89.33 1, 1.3738™
X, L0.0438 4 0.9941** —0,4996  bh,=488.33 SEb,—~269.86 1,-1.8095™"
2, : -0.0273 _0.4488  b,— —88.34  SEH,=39.14 1, —2.0777™ 082801+
X, | —0.7475% b~ —9.24  SEb= 3.48 1= —2.4538™ (F=7.22)
o (b) Crop development stage
e L ; a=9421.62]
Y C o —D.5409 0.2844  10.2362  -10.8565* b,=—329.28 SEb=101.05 7= —3.2585*
X, - _0.1709 - 0.9463** —0.1886  b,—344.15  SEH,=135.67 1,=2.5366* 0.71136
X ) 02215 —0.1919 b= —29.08 SEb=16.90 1,=- 1.7204™ (F=3.69)
X, | _0.3234  b,—13.88  SEb=5.0704 1,=2.7367* NS
(¢) Mid season stage
a=9636.64 s
Y —0.4664 -10.6189 10,7253 10.9197% b —104.41  SEb=154.90 # =0.6740
X, _0.5643  -0,9857**% .0.3982 bh,—169.66  SEb,—1036.17 1, —1.0323%  0.4751
X, —0.6075  --0.5220 by— —56.80 SEb,—47.24  1,=1.2023"°  (F=1.3)
X ~0.3820 by— —3.88 SEb;=2.31 1=0.1674™  Ns
N !
(d) Late season stage
a—=>0839.58 .
Y 00151 40.5277  40.6971 © +0.8372% by —184.04 SEb—=164.10 1= —1.1215""
X _0.4762  -0.9710°* 10.5396  b,~289.68 SEb,=482.70 1,=6.0014**,  0.6017
; (F=2.34)
X, _0.4156  +0.2584  by— —33.49 SEb,—=71.02  1,—4.7165* NS
X, 1+0.4015  by=12.67 SEb,—6.0292 1,—2.1018 S
() Whole crop growth period of soybean crop
a—12689.60
Y 05610 —0,3506 —0.5555 —0.3640 b,=—293.36 SEb—434.43 1,= —0.67527
X, 0. 1649 ---0.5337“ L0.8890** b,—651.51  SEb,=657.14 1,—0.99143 0.49056
X. L0.9074%* —0.2920  b,— —13.64 SEb,=14.1793 1,=—0.96180 (F=1.414)
X, £0.1080 ‘h=2.78 SEb,—3.7305 1,—0.74613 NS

™~

3.2. Crop development stage

The mean maximum temperature ranged from 30.5%to
38.0°C with a mean of 33, 8°C while the minimum tempe-
rature ranged from 17.3°t6 2371°C with a mean of
21.0°C during the crop development growth stage of
soybean crop. The mean total bright sunshine hours
and cumulative heat units were 114.8 hours and 231.2
units respectively, duripg crop development stage.

Positive relationship existed between seed yield and
total bright sunshine hours (r=0.8565) and maximum
temperature with heat units (r- 0.9463) during crop
development stage. The minimum temperature and the
total bright sunshine hours prevailed during crop deve-
lopment stage increased the seed yield whereas the

maximum temperature decreased the seed yield of soy-
bean crop. However, the heat units at crop develop-
ment stage had no effect on seed yield. The variation in
seed yield brought by these factors was 71.1 per cent.

3.3. Mid-season stage

The values mean maximum and minimum tempera-
tures. cumulative heat units and total bright sunshine
hours during mid-season growth stage were 32.9°C
21.2°C, 565.2 units and 272 hours, respectively. o

There was positive correlation between maximum
temperature and seed yield (r=0.9197) but it could not
contribute to seed vield in combination with other wea-
ther parameters studied during mid-season stage. Manxi-
mum temperature had positive relationship with heat
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TABLE 3

Seed yield, maximum and minimum temperatures, heat units and
total bright sunshine hours for different time of sowing of sovhean

Seed Maximum  Minimum Cumu- Total
Scason yield  temperature teruperature lative  sunshine

(kg/ha) ("C) ("C) heat hours

units

3 Feb 356 34.0 19.3 1264 .3 R59.0
16 Feb 378 34.8 20.2 1297.9 848 0
3 Mar 289 4.8 21.0 1332.3 800.5
16 Mar 222 35.0 21.8 1343.5 721.0
1 Apr 333 33.8 21.8 1348.2 619.5
16 Apr 344 338 21.6 1339.8 577.0
4 May 178 32.8 21.4 1325.0 500.5
15 May 1i 32.1 21,1 1309.5 434.5
[ Jun 778 31.2 20,9 1292.1 383.5
16 Jun 867 31.6 20.4 1274.3 456.0
1 Jul 489 .6 20.2 1267.7 500.5
Mecan 395 33.2 20.9 1308.6 609, 1

units (r=0.9857). All the four weather parameters
studied, viz., maximum lemperature, minimum tempera-
ture, cumulative heat units and total bright sunshine
hours, whether positive or negative during mid-season
growth'stage had no significant influence on sced yield of
soybean,

3.4, Late season growth stuge

The mean maximum temperature during late season
growth stage of soybean ranged from 30.3" to 35.1°C
with a mean of 32.5°C whereas the minimum tempe-
rature ranged from 19.8° to 22.1°C with a mean of
21.2°C. The mean cumulative heat units and total
bright sunshine hours during late season stage were
230.5 and 95.3, respectively.

The maximum temperature had pcsitive correlation
(r=0.9710) with heat units. Although the total bright
sunshine hours during late season stage had positive
correlation (r=0.8372) with seed yield individually, it
could not contribute to seed yield in combination with
other weather parameters. While the minimum tempe-
ratures prevailed during late season stage of crop growth
positively contributed to the seed yield, the heat unit
had negatively influenced the seed yield of soybean
crop.  The negative contribution of heat units to seed
yield was mainly due to the maximum temperatures
prevailed during the late season stage.

3.5, Whole crop growth period

The values mean maximum and minimum tempera-
tures, cumulative heat units and total bright sunshine
hours prevailed during the whole growth period of soy-
bean crop were 33.2°C, 20.9°C, 1308.6 units and 609 |
hours, respectively.
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The maximum temperature had positive correlation
with the total bright sunshine hours (r=0.8890) while
the minimum temperature with heat units (r=0.9074)
during the whole growth period of soybean crop.

The regression coefficient values for maximum tempe-
rature (b= -—-293.36) and heat units (h— —13.64)
showed their negative influence on seed yield whereas
minimum temperature (b=651.51) and total bright
sunshine hours (b=2.78) showed positive contribution
towards the seed yield of soybean crop. The minimum
temperature and total bright sunshine hours seem to
favour the final sced yield of soybean.

The seed vield, maximum temperature, minimum
temperature, heat units and total bright sunshine hours
for different dates of sowing are furnished in Table 3.

The maximum temperature, the minimum tempera-
ture, cumulative heat units value and total bright sun-
shine hours with a range of 31.2° to 3| .6°C, 20.4° to
20.9°C, 1274 to 1292 units and 383 to 456 hours prevailed
during the whole cropping period favoured the seed
yield of soybean under tropical conditions. The increasc
in seed vield is attributed to the favourable weather
factors mentioned above for higher flower production,
seed size, number of pods per plant and this corraborates
the findings of Whigham and Minor (1978).

4. Conclusion

The production potential of soybean crop can be
increased when grown seasons having the maximum
temperature of 31.2° to 31.6°C, minimum temperature
0120.4" 10 20.9°C, cumulative heat unit values of 1274
to 1292 and total bright sunshine hours of 383 to 456 for
the whole cropping period. Thus soybean crop can be
successfully grown wherever the above climatic condi-
tion prevails under tropical condition.
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