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ABSTRACT
KEYWORDS
Within season variability in temperature is a major bottleneck in wheat productivity. This simulation
Wheat study aimed to evaluate the effects of temperature variability on grain yield of two cultivars of wheat (cv
T PBW 621 and HD 3086) sown under different dates (early, mid and late) using two dynamic crop
emperature

simulation models (CERES-Wheat and INFOCROP model) for two locations (Amritsar and Ludhiana).
CERES The temperature was increased and decreased by 1.0 to 2.0°C for Amritsar and 1.0 to 3.0°C for Ludhiana
from normal during three growing periods, i.e., the whole season, vegetative phase, and reproductive
phase. In Amritsar the CERES-Wheat and INFOCROP model predicted that with the increase in
Model temperature by 1.0 to 2.0°C from normal during the vegetative phase, the grain yield may decrease by
0.36-15.23 % and 3.61-19.54 % respectively, during the reproductive phase the grain yield may
decrease by 0.67-8.64 % and 3.18-26.76 % respectively and during the whole season the grain yield
may decrease by 1.52-27.10 % and 1.91-24.10 % respectively. Among the two cultivars of wheat, cv
HD 3086 at both locations performed better under thermal stress environments as compared to cvPBW
621. However, the InfoCrop model predicted that cv PBW 621 performed well in comparison to cv HD
3086 at Ludhiana conditions with an increase in temperature up to 3°C. The simulation results showed
that mid November sowing of wheat was better able to counteract the negative impacts of an increase in
temperature on wheat as compared to early (October) or late (December) sowing dates.
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Simulating the impact of within season variability in temperature on grain yield of wheat

1 Introduction

One of the most widely commence of climate change is global
warming. The scientists at NASA’s Goddard Institute for Space
Studies (GISS) have reported that the earth’s average temperature
has increased by a little more than 1° C since 1880 and two-thirds
of this warming has occurred since 1975 which is estimated @
0.15 to 0.20 °C per decade (Anonymous, 2020a). The fertilization
effect of increasing carbon dioxide concentrations will escalate the
net primary productivity of plants, but associated climatic changes
and variability in temperature, rainfall, and other parameters may
lead to either an increase or decrease in the net productivity of an
ecosystem. In many tropical and subtropical regions, potential
yields are projected to decrease for most projected increases in
temperature (Houghton et al., 2001).

Wheat is one of the important staple cereal food crops of India
and accounts for 35% of the food grain production of the
country. Its grains are comparatively better source of protein
than other cereals. Recently during 2017-18 in Punjab, the area
under wheat cultivation was 3.5 million hectares with a
production of 17.82 million tons (Anonymous, 2020b). Since
wheat is a winter season crop. It is more vulnerable to high-
temperature conditions. Hundal & Prabhjyot-Kaur (2007)
reported that an increase in temperature by 1°C from normal
decreases the wheat yield by 10% under Punjab conditions. The
actual and potential yield of wheat may decline by 38 and 50%,
respectively with a 5°C increase in temperature (Aggarwal et al.,
2006; Aggarwal & Swaroopa Rani, 2009). Rao et al. (2015)
reported that during the post-anthesis period in wheat an
exposure to continual minimum temperature >12°C for 6 days
and maximum temperature >34°C for 7 days are the main
thermal constraints in achieving high productivity.

In Punjab, the maximum and minimum temperature are projected
to increase from the baseline (1960-90) by 2.9 and 4.9 °C,
respectively during mid-century (2021-50) and by 5.8 and 7.4 °C,
respectively during the end century (2071-2100) under AlB
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scenario (Prabhjyot-Kaur et al., 2016). In literature, several studies
have reported the effect of climate change on crop yields using
simulation models. However, a comparative study of CERES-
Wheat and InfoCrop-Wheat models has not been done for the
Punjab region in India. This study, therefore, focuses on the
prediction of wheat yield in Punjab using the CERES-Wheat and
InfoCrop-Wheat model.

2 Materials and methods

In the present study two dynamic simulation models, CERES-
Wheat and INFOCROP Wheat were used to simulate the effect of
change in temperature on two cultivars (PBW 621 and HD 3086)
under different dates of sowings comprising early dates of October,
normal dates of November, and late dates of December. The
models were run under different scenarios of temperature change
viz., 1.0, 1.5, and +2.0°C from normal for Amritsar and *1.0,
+2.0, and #3.0 °C from normal for Ludhiana during the three
scenarios of crop growth, i.e., during the whole period, vegetative
phase and reproductive phase.

Daily weather data at least from sowing to harvesting was loaded
for each crop growth period separately to run a particular crop file.
Weather data were collected from the Agrometeorological
observatories of Ludhiana and Amritsar. The input files such as
crop management file, weather file, soil file, and genetic
coefficients file were prepared to calibrate and validate the
CERES-Wheat model and Infocrop model.

The collected field data of two consecutive wheat seasons
(2014-15 and 2015-16) has been used for calibration and further
validation. The genetic coefficients required for the CERES
wheat and Infocrop models for cultivars HD 3086 and PBW 621
were estimated by repeated iterations in the model calculations to
get the minimum variation over the actual data. The derived
genetic coefficients that have been used for simulating the
impact of temperature on the wheat crop are presented in table 1
and table 2.

Table 1 Genetic coefficients of wheat cultivars used for CERES-Wheat model

. Ver'ne_illzatlon Day length G'raln ﬁ”'r_]g. Kernel Kernel weight  Tiller weight Ph_yllochron
Cultivar coefficients P1V PID (°C d) duration coefficient number coefficient G2 coefficient G3 interval
(°Cd) P5 (°Cd) coefficient G1 PHINT
Ludhiana
HD 3086 30 91 570 20.0 39.0 3.0 69
PBW 621 34 96 550 21.0 34.0 3.2 69
Amritsar
HD 3086 22 106 570 40.0 44.0 7.0 80
PBW 621 20 100 570 27.0 40.0 3.6 69
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Table 2 Genetic coefficients of wheat cultivars used for InfoCrop-Wheat model

. Germination 50% Relative . EXtIn-Ct.IOFI Radiation Root  Sensitivity
Sowing to . growth  Specific Index of coefficient
. L c to 50% flowering to use growth  of crop to
Cultivar germination . . . rate of leaf area greenness of leaves . . of N
flowering  physiological 2 efficiency rate flooding . .
maturit leaf area (dm“/mg) of leaves at (g/MJiday) (mmiday)  scale fixation
y (°C/day) flowering 9 Y Y
Ludhiana
HD 3086 1 1180 900 0.008 0.00195 1 0.60 2.70 30 1 1
PBW 621 1 1200 500 0.008 0.0019 1 0.60 2.60 30 1 1
Amritsar
HD 3086 1 1150 900 0.008 0.00192 1 0.60 2.70 30 1 1
PBW 621 1 1200 500 0.008  0.0019 1 0.60 2.60 30 1 1
3 Results 3.1 Amritsar

The grain yield is the net photosynthates accumulated as a result of
the various plant processes occurring during the crop life cycle,
and in wheat crops, this is largely influenced by variations in
temperature. Since wheat is a cool season crop so the two
simulation models showed an increase/decrease in grain yield with

a decrease/increase in temperature from normal.
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The simulated effect of change in temperature on grain yield of
two cultivars, i.e., cv PBW 621 and HD 3086 under different
dates of sowing during the whole season, vegetative phase, and
reproductive phase are given in figures 1, 2, and 3,
respectively.
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Figure 1 Effect of deviations in temperature from normal during whole season on grain yield of wheat using CERES-Wheat Model and
INFOCROP Model
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Figure 2 Effect of deviations in temperature from normal during vegetative phase on grain yield of wheat using CERES-Wheat model and

INFOCROP Model
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Figure 3 Effect of deviations in temperature from normal during reproductive phase on grain yield of wheat using CERES-Wheat model and
INFOCROP Model
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3.1.1 CERES-Wheat model

With an increase in temperature by 1.0 to 2.0°C from normal
during the whole crop period, the CERES-Wheat model predicted
a decrease in grain yield of cv HD 3086 and PBW 621 for 15
October sowing by 13.6 to 27.1% and 10.9 to 26.9%, respectively;
for 30 October sowing by 6.82 to 16.0% and 7.01 to 18.6%,
respectively; for 15 November sowing by 4.50 to 11.1%, and 6.01
to 13.02%, respectively, for 30 November sowing by 0.46 to
6.21%, and 2.13 to 4.79%, respectively, for 15 December sowing
by 1.74 to 3.46%, and 2.66 to 4.16%, respectively and for 30
December sowing by 152 to 2.15%, and 1.83 to 2.85%
respectively.

The CERES- wheat with an increase in temperature by 1.0 to 2.0°C
from normal predicted the decrease in grain yield for cv HD 3086
and PBW 621 during vegetative phase by 0.59-11.64% and 0.36—
15.23% respectively and during reproductive phase by 0.67-8.64%
and 1.87-7.23%, respectively.

3.1.2 InfoCrop model

The InfoCrop-Wheat model with an increase in temperature by 1.0
to 2.0°C from normal during the whole crop period predicted a
decrease in the grain of cv HD 3086 and PBW 621 for 15 October
sowing by 17.6 to 24.1% and 7.93 to 22.3%, respectively; for 30

Riar et

October sowing by 9.68 to 23.1% and 8.31 to 15.28%,
respectively; for 15 November sowing by 4.57 to 18.81%, and 3.66
to 7.77%, respectively, for 30 November sowing by 2.65 to 11.9%,
and 1.91 to 14.3%, respectively, for 15 December sowing by 15.06
to 17.6%, and 9.11 to 16.4% respectively and for 30 December
sowing by 8.52 to 4.32%, and 6.75 to 14.71%, respectively.

Amongst the two crop models, the InfoCrop model predicted more
decrease in the yield of wheat with an increase in temperature as
compared to CERES-Wheat model. The InfoCrop wheat with an
increase in temperature by 1.0 to 2.0°C from normal predicted the
decrease in grain yield for cv HD 3086 and PBW 621 during
vegetative phase by 3.61-19.54 % and 3.82-17.46 % respectively
and during reproductive phase by 3.36-23.52 % and 26.76 %,
respectively.

3.2 Ludhiana
3.2.1 CERES-Wheat model

During the whole season, the CERES-Wheat model predicted that
with an increase in temperature by 1.0 °C t03.0 °C from normal,
the CERES-Wheat model predicted a decrease in grain yield by
2.13 to 42.2%, during the vegetative phase by 0.35 to 42.2% and
during grain filling stage by 1.84 to 10.29% for the cv HD 3086
and PBW 621 respectively (Table 3)

Table 3 Effect of temperature change on grain yield of wheat cultivars sown on five dates by CERES-Wheat model

Whole season

Sowing date/

Vegetative phase Grain filling phase

Cultivar Normal -110-3°C +110+3°C -110-3°C +110+3°C 110-3°C +110+3°C
D,:28 October

HD 3086 4432 +17.8 to +45.6 -16.5t0-42.2 +16.6 to +28.1 -16.4to0 -42.2 +3.51t0 +10.7 -2.95t0 -5.46

PBW 621 4973 +12.6t0+20.8 -10.9t0-35.2 +5.44t0+10.4  -8.64t0-30.2 +349t0+290 -3.37t0-9.41
D,:4 November

HD 3086 4997 +10.7 to +29.3 -5.0t0-13.0 +750t0 +16.1  -9.38t0-30.6  +3.84t0+13.7 -3.66t0-10.1

PBW 621 5187 +6.67 to +13.2 -7.01to0 -24.6 -1.67 to +5.55 -3.95t0-18.4 +2.75t0 +10.7  -4.54t0-10.29
Ds:11 November

HD 3086 5516 +9.13 to +13.7 -6.97 t0 -23.6 +1.64 to +6.12 -3.75t0-13.8 +2.70to +11.5 -1.84t0 -7.94

PBW 621 5451 +2.47 to +9.15 -6.01t0-15.6 -0.69 to +0.93 -2.86 to -5.68 +2.12t0 +10.8 -2.18t0 -9.53
D,:18 November

HD 3086 5371 +3.46 to +10.2 -4.50to0 -15.9 -1.63to0 +1.95 -1.78t0 -11.2 +3.14t0o +11.9 -2.71t0-9.19

PBW 621 5155 +4.65 to +7.41 -2.13t0-12.3 -0.69to +2.17 -1.90to +4.40  +5.78to +11.7 -2.69t0-7.41
Ds:25 November

HD 3086 5368 +1.09t0+8.97 -2.20t0-12.03 -2.10to+2.66 -0.35t0+1.13  +3.03t0 +13.8  -2.44t0 -8.68

PBW 621 5173 +0.50 to +4.6 -2.16 to -7.60 -0.83 t0 -3.96 -1.19to +1.21  +2.35t0 +9.08 -2.47 to -8.67
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Whereas with a decrease in temperature by 1.0°C to 3.0°C from
normal, the CERES-Wheat model predicted an increase in grain
yield during the whole season by 0.50 to 45.6%, during the
vegetative phase by 0.93 to 28.1% and during the grain filling
phase by 2.12 to 13.8% for the cv HD 3086 and PBW 621
respectively sown on 28 October, 4 November,11 November, 18
November and 25 November, respectively.

3.2.2 InfoCrop model

During the whole season, the InfoCrop model predicted that with
an increase in temperature by 1.0 °C t03.0 °C from normal, the
InfoCrop model predicted a decrease in grain yield by 0.31 to
62.4%, during the vegetative phase by 1.01 to 61.3%, and during
grain filling stage by 1.05 to 61.3% for the cv HD 3086 and PBW
621, respectively.

Whereas with a decrease in temperature by 1.0°C to 3.0°C from
normal, the InfoCrop model predicted an increase in grain yield
during the whole season by 0.84 to 33.1%, during the vegetative
phase by 3.17 to 31.2% and grain filling phase by 5.67 to 30.8%
for the cv HD 3086 and PBW 621 respectively sown on under
different dates of sowing (Table 4).
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4 Discussion and Conclusion

When the temperature was increased from normal during the
vegetative and reproductive phase even then both the models
predicted a reduction in yield and vice versa. Since a rise in
temperature leads to an increase in evaporation and transpiration,
so it seems that the plant recognizes the stress signals and
accelerates the growth rate to complete its life cycle. Roberts &
Summerfield (2007) reported that the rise in temperature during
the growing season leads to the fast growth and earlier flowering
of the crop which leads to a reduction in grain yield.

Hundal & Prabhjyot-Kaur (2007) also reported that CERES-Wheat
model predicted an increase/decrease in temperature by 1.0 to 2.0
°C, the grain yield was decreased by 9.8 to 18% and with increased
by 9.1 to 16.1%. Krishnan et al. (2007), and Krishnan et al. (2016)
employed the INFOCROP model and observed that with an
increase in temperature by 5 °C increase the wheat yield can
decrease by about 17-23%. Parry et al. (2004) have reported that
an increase in temperature accelerates the growth and development
of crops. Wheat being a cool-season crop is more affected with an
increase as well as a decrease in temperature. The results of this
simulation study are in close agreement with an earlier study by
Prabhjyot-Kaur & Hundal (2007).

Table 4 Effect of temperature change on the grain yield of wheat cultivars sown on five dates by InfoCrop-wheat model

Whole season

Sowing date/

Vegetative phase Grain filling phase

Cultivar Normal
-1to-3°C +1to +3°C -1t0-3°C +1to0 +3°C -1t0-3°C +1to +3°C
D,:28 October

HD 3086 3960 +28.2t0 +33.1 -28.1t0-62.4 +28.7 to +31.2 -26.2t0-61.3 +29.4 to +30.8 -26.2t0 -61.3

PBW 621 4204 +9.36 to +18.3 -7.93t0-33.1 +9.91to +17.7 -9.31t0-31.1 +11.1to +18.1 -9.31t0-31.1
D,:4 November

HD 3086 4412 +5.80 to +15.9 -16.1t0 -51.9 +6.69 to +17.5 -15.7t0 -22.3 +9.65t0 +17.3 -15.7t0 -22.3

PBW 621 4831 +9.31to +15.1 -0.31t0-8.27 +9.01 to +17.1 -1.01t0-9.22 +9.01to +19.1 -1.05t0-9.22
Ds:11 November

HD 3086 4774 +0.84 to +14.4 -0.92t0 -18.2 -1.26to +7.44 -2.12t0-18.7 -2.86 to +8.14 -2.12t0-18.7

PBW 621 5405 +2.45to +19.3 -3.66to -11.2 +3.17 to +21.3 -4.22t0-12.2 +5.67 to +19.7 -4.221t0-12.2
D,:18 November

HD 3086 5118 -4.79 to +16.7 -12.7t0-21.3 -6.21to +11.1 -15.9t0-20.9 -8.29 to +9.08 -15.9t0-20.9

PBW 621 4926 +15.4 to +26.7 -1.91to-17.1 +8.42 to +33.1 -8.61t0-19.1 +7.51t0 +35.9 -8.61t0-19.1
Ds:25 November

HD 3086 5281 +14.1to +28.7 -3.61 to +0.26 -12.7to +17.2 -4.62 to +0.17 -11.9to0 +19.1 +0.17to-17.4

PBW 621 4994 +7.24t0 +13.9 -9.11t0-18.5 +8.11 to +16.7 -9.75t0-20.1 +8.11t0 +18.3 -9.75t0-20.1
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Climate variability, i.e., sudden increase or decrease in a weather
variable especially temperature are a major determinant of wheat
yield. Under different sowing dates for wheat extending from
October to December, the lower percentage change in simulated
yield was observed in late-sown and early sown wheat which may
be due to lower and higher temperatures prevalent during these
sowing of wheat. The normal sown wheat is better able to counter
the rise and fall in temperature conditions as compared to early and
late sowings. Farooq et al. (2011) also reported that elevated
temperature between anthesis to maturity affects grain yield of
wheat due to shortening of grain filling period to accumulate
current or reserve photo-assimilates as compared to normal
conditions. According to InfoCrop results, it may be concluded
that mid-November sowing is most suitable under elevated
temperature environments.

Under the anticipated increase in temperature in Punjab, the
simulation results showed that mid-November sowing of wheat
would be optimum as compared to early or late sowing. The cv.
HD 3086 may be recommended for cultivation instead of PBW
621 due to its tolerant characters towards maintaining its growth
and productivity under thermal stress environments. With the
imposition of decrease temperature from normal conditions, it may
be concluded that early Octobers owing is most suitable under
decreased temperature environments (Ritchie & Otter, 1985).
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