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ABSTRACT

Field experiment was conducted at Punjab Agricultural University, Bathinda from 2017-18 to 2019-20 to evaluate the growth and yield of wheat
under varying sowing dates (Nov. 15, Nov. 30 & Dec 15), irrigation regimes (IW: CPE = 0.6, 0.8, & 1.0), and nitrogen levels 80% RDN, 100%
RDN & 120% RDN). Timely sowing (15 November) resulted in significantly highest grain yield (5090 kg ha) and delay in sowing caused
reduction in yield by 2.83 % and 9.91 % in crop sown on 30 November and 15 December respectively. Yield and yield attributes were found to
increase with increase in irrigation and nitrogen levels. The highest yield was achieved with 15 November sowing, IW: CPE ratio 1.0 and 120%
RDN. The sensitivity of the validated CERES-wheat model to increase in temperature by 0.7, 1.2, 1.5 °C and CO, concentration by 435, 460,
500 ppm, as projected for years 2030, 2040 and 2050 respectively, revealed reduction in the wheat yield. The combination of 15 November sown
crop, irrigation at IW:CPE ratio 1.0, and recommended dose of nitrogen showed resilience against increasing CO, concentration and temperature

rise.
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Wheat (Triticum aestivum L.) is extensively grown rabi
cereal crop in India as well as worldwide. Due to the volatility of
seasonal weather in India, wheat output is highly unpredictable.
Owing to climate change, shifting in time of sowing, efficient
irrigation and nitrogen management practices are imperative to
cope up with the changing scenario. One of the most important
aspects of plant phenological growth and conversion of available
biomass into economic yields is sowing time (Kaur and Pannu
2008). Furthermore, major factors affecting both growth and
yield are the availability of adequate and balanced water as well
as nutrients in soils. As irrigation frequency increases, crop yield
increases. Nitrogen content in wheat crop yields production is very
important in determining yield potential. Among the numerous
soil constituents, nitrogen is the most important for increasing
wheat output. Nitrogen is important for the growth of shoots, buds,
leaves, roots, and bolls, while phosphorus is required for early root
development, photosynthesis, and other processes (Kaur et al.,

2010).

The Decision Support System for Agrotechnology
Transfer (DSSAT) is a global modeling platform that encompasses
crop models for more than 40 different crops. The models have
been used extensively throughout the world for a variety of reasons
from on-farm and precision management to regional climate change
effect studies (Singh, 2023; Dar et al., 2023). As we navigate the
challenges posed by climate change, optimizing sowing dates,
irrigation regimes and nitrogen applications become imperative for
sustaining and enhancing agricultural productivity in the face of
evolving environmental conditions. Such insights provide valuable
guidance for informed decision-making in agricultural practices
to ensure food security in changing climate. Keeping this in view,
the sensitivity of grain yield delves into the effects of elevated CO,
concentrations, air temperatures, and their combined effects across
various sowing dates, irrigation regimes and nitrogen levels.
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MATERIALS AND METHODS

Experimental details

Field experiments were undertaken at Punjab Agricultural
University’s Regional Research Station, Bathinda (30°58’N,
74°18’E) to evaluate the impact of different irrigation and nitrogen
levels on wheat growth and yield during three consecutive seasons
of rabi 2017-18, 2018-19 and 2019-20. Bathinda has the semi-arid
climate with an average annual rainfall of 450 mm. The experimental
soil was sandy loam in texture. The crop was sown with three
sowing environments as on November 15 (D1), November 30
(D2) and December 15 (D3) along with three irrigation levels viz.
I, IW:CPE=0.6), I, IW:CPE=0.8) and I, (IW:CPE=1.0) and three
nitrogen levels i.e.N, =<20% of Recommended, N, = Recommended
and N, =>20% of Recommended.The studies were carried out in a
split plot design with three replications.

Calibration and validation of CERES-wheat model

The CERES-wheat model was used to simulate the effects
of different irrigation and nitrogen levels on growth and yield
metrics. In view of that, field data were recorded from the research
trials, conducted in three consecutive seasons of 2017-18 to 2019-
20 for the wheat genotype PBW - 3086. Weather parameters were
recorded during study period from agro-meteorological observatory
of the University that is about 20 m away from experimental site.
However, experimental data from rabi 2019-20 was utilised to
validate the crop model in Punjab’s South-Western region. The
model was calibrated for the wheat variety PBW-3086 produced
in a specific location using seven factors. Within the model, these
coefficients are scalar values that are transformed to physiological
values (Table 1).

Sensitivity analysis

Sensitivity of grain yield to CO, concentration, air
temperature and their combination was carried out taking simulated
grain yield of crop growing year 2019-2020 using CERES wheat.
The decadal projected values till 2050 for CO, concentration and air
temperature as given by IPCC, Global Climate Projections (IPCC,
2021) are 435ppm, 460ppm, 500ppm and 0.7, 1.2, 1.5 respectively.

These values have been used in the study for sensitivity analysis.

Table 1: Genetic coefficients derived for the wheat genotype PBW-

3086
Parameters HD 3086
Vernalisation coefficient (P1V) 5
Photoperiodism coefficient (P1D) 92
Grain filling duration coefficient (P5) 698
Kernel number coefficient (G1) 30
Kernel weight coefficient (G2) 31
Tiller weight coefticient (G3) 2.7
Phyllochron interval (PHINT) 95
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RESULTS AND DISCUSSION
Yield and yield attributes

The grain yield and yield attributes of wheat was
significantly higher in 15 November (D,) sown crop followed by
30 November (D,) and lowest in 15 December (D,) sown wheat.
The quantum of decrease noticed in D, and D, than D, was 2.83
% and 9.91 % respectively. While comparing irrigation regimes,
significant increase in grain number per spike and 1000 grain
weight was noticed in IW: CPE ratio 1.0 (I,) and lowest in 0.6 ratio
(I)) (Table 2). Accessibility of well distributed moisture at various
stages of growth owing to irrigation may have improved the plant
growth (Kaur et al., 2017). The straw yield was also significantly
highest in I, than 1, and I, treatments. The nitrogen level >20 % of
recommended (N,) recorded higher grain number per spike and
1000 grain weight than recommended level of nitrogen (N,). The
significantly lowest values of all yield attributes, grain and straw
yield was observed in nitrogen level <20% of recommended (N )
mainly because of low dose of nitrogen N .

Evaluation of CERES-wheat crop model

Phenology: The pooled comparison between observed and
simulated phenology as well as yield attributes as influenced by
sowing time, irrigation and nitrogen levels for three years (2017-
20) have been illustrated in Fig. 1. The pooled analysis of three
years revealed that the value of simulated emergence ranged from
3 — 5 days while, observed emergence varied from 6-11 days. The
negative mean biased error (MBE) value (-3.79) showed that the
model had underestimated the days taken to emergence. Moreover,
lesser value of RMSE (3.96) and higher R? (0.61) indicated close
proximity between simulated and observed emergence (Fig. 1).

Similarly, the value of simulated days to anthesis were
found in the range from 82 to 99, while, observed days to anthesis
varied from 87 to 99. The R? and RMSE values between simulated
and observed days taken to anthesis were 0.42 and 6.63 respectively.
The negative mean biased error (MBE) value (-3.80) showed that
the model had underestimated the days taken to anthesis. Higher
deviation indicated that the model failed to estimate the days taken to
attain anthesis. Similarly, higher RMSE values (6.63) also indicated
larger difference in simulated anthesis over observed anthesis

(Fig. 1).

In case of physiological maturity, model output indicated
deviation from 120 — 142 as against observed values 118-143 days.
The results indicated better performance of the model having lesser
RMSE value (4.76) and higher R? value (0.76). Also, the MBE value
(-1.46) indicated underestimation of the days taken to maturity by
the model (Fig. 1). Moreover, the value of nRMSE also indicated
lesser deviations between observed and simulated anthesis and
physiological maturity which were 0.005 and 0.001 indicating
better performance of the model. As usual, among the phenology,
emergence indicated higher value of nRMSE and showed more
deviation over observed value. Similarly, in respect to wheat grain
yield nRMSE value was also found close to observed grain yield
(0.004) which depicted better model performance. nRMSE value
closer to zero indicates better model applicability and presentation.
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Table 2: Effect of various sowing dates, irrigation regimes and nitrogen levels on yield and yield attributes of wheat (Pooled 2017-2020)

Treatment Grains 1000 grain weight Grain yield (kg ha) Straw yield (kg ha)
per spike (no.)
Date of sowing
D1 (Nov. 15) 439 429 5090 6170
D2 (Nov. 30) 42.6 41.7 4945 5990
D3 (Dec. 15) 37.6 38.5 4609 5670
CD (P=0.05) 1.71 1.20 157 129
Irrigation regimes
I1 (IW: CPE 0.6) 38.1 39.0 4581 5641
12 (IW: CPE 0.8) 41.5 40.9 4894 5946
I3 (IW: CPE 1.0) 44.5 432 5170 6243
CD (P=0.05) 1.19 1.06 130 79.0
Nitrogen levels
N1 (<20% of RDN) 38.3 38.5 4590 5716
N2 (RDN) 42.5 41.9 4969 6037
N3 (>20% of RDN) 433 42.7 5081 6089
CD (P=0.05) 1.07 1.36 133 89.0
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Fig. 1: Comparison between observed and simulated phenology and yield attributes of wheat (a) emergence, (b) anthesis (c¢) physiological

maturity (d) grain yield, (e) straw yield and (f) harvest index.

Yield and its attributes: Grain yield, being the ultimate result of
many yield attributing parameters, revealed that, among sowing
dates, irrigation and nitrogen levels, observed grain yield ranged
from 4074-5624 kg ha’!, while, simulated grain yield varied from
3882-5896 kg ha'! during three crop growing years. Lesser RMSE
(319.15) and R? values (0.73) revealed close proximity and better
performance of the model. The MBE value indicated that the model

had underestimated the yield. The findings of Patel et al., (2010)
revealed similar results for middle Gujarat region. Whereas, Singh
et al, (2017) found overestimation of simulated yield in agro-
climatic regions of Bihar. Meleha et al., (2020) found that planting
dates had a substantial impact on grain yields and some attributed
yields, with early sowing (20 November) being preferable to late
sowing (20 December) (Fig.1).
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Table 3: Percent change in grain yield for different treatments under different projected values for CO, and air temperature

CO, Increment in Combination of CO, (ppm) &
Treatments concentration (ppm) air temperature (°C) temperature (°C)
435 460 500 0.7 1.2 1.5 435+0.7 460+1.2  500+1.5
Date of Sowing
D1 (Nov. 15) -0.67 0.73 2.65 -1.25 -2.43 -4.93 -0.41 0.38 -1.99
D2 (Nov. 30) 1.77 4.08 7.97 -3.69 -8.15 -9.18 -1.97 -4.41 -2.09
D3 (Dec. 15) 1.80 4.10 7.85 -3.85 -7.44 -11.29 -2.11 -3.58 -4.25
Irrigation regimes
I1 IW:CPE 0.6) 1.58 3.72 7.10 -3.10 -8.03 -10.88 -1.65 -4.59 -4.58
12 (IW:CPE 0.8) -0.02 2.08 5.41 -4.18 -6.54 -8.60 -2.62 -3.11 -3.25
I3 (IW:CPE 1.0) 1.25 3.00 5.79 -1.43 -3.44 -5.83 -0.20 0.05 -0.54
Nitrogen application
N1 (<20% RDN) -0.13 1.97 5.35 -4.26 -7.38 -9.57 -2.76 -3.17 -4.06
N2 (RDN) 1.51 3.53 6.62 -2.06 -4.63 -7.42 -0.63 -1.49 -1.44
N3 (>20% RDN) 1.31 3.18 6.21 -2.45 -5.87 -8.16 -1.13 -2.79 -2.76

The value of simulated straw yield was found in the range
from 3383 to 6387 kg ha'!, while, observed straw yield was varied
from 4989 to 6507 kg ha'. The RMSE and R? value were 2067.89 and
0.06 respectively. The value of harvest index was found in the range
between 0.44 to 0.46 and 0.45 to 0.55 as observed and simulated
values, respectively in all the treatments. The value of RMSE and
R? values observed were 0.11 and 0.04 respectively. Model output
showed overestimation in harvest index (MBE= 0.06). The values
indicated poor performance of model in estimating straw yield as
well as harvest index (Fig. 1). The studies of Patel et al., (2017)
for Varanasi region revealed good predictive capacity of CERES-
wheat model. They observed R? value of 0.96 between observed and
simulated grain yield.

Sensitivity to CO, concentration

The grain yield across all the treatments exhibited an
increase with increase in CO, concentration over successive
decades. In 2020, the recorded CO, concentration was 414.2 ppm,
with projections estimating concentrations of 435ppm, 460ppm,
500ppm for 2030, 2040 and 2050 respectively. Notable, the decadal
percent change in grain yield showed increments of 0.67%, 0.73%
and 2.65% corresponding to CO, concentration increase of 20.8ppm,
45.8ppm and 85.8ppm for the 15 November sown crop in the years
2030, 2040 and 2050. For the 30 November sown crop, there was
a more pronounced change in yield, with percentages being 1.77%,
4.08% and 7.97% aligning with the same CO, concentration
increments. Similarly, the 20 December sown crop demonstrated
yield changes by 1.80%, 4.10% and 7.85% for the respective years,
indicating a greater percent change for later sowing dates. The table
further illustrates that the highest percent changes were observed
for 30 November and 15 December sown crops, followed by the
15 November sown crop (Table 3). Considering different irrigation
regimes, the most significant percent changes over the decades were
observed in I, followed by I, and I,. While, in case of Nitrogen
applications, the greatest percent change was evident in N, followed
by N, and N, (Table 3). Consequently, the optimal combination for
maximizing yield under changing CO, conditions appears to be the

30 November sown crop in conjugation with I, and N,,.
Sensitivity to air temperature

Contrary to the positive correlation with CO,
concentrations, the grain yield across all the treatments exhibited a
decrease with escalating air temperatures over the decades. Notable,
the 15 December sown crop experienced the most substantial percent
change in yield, registering declines of 3.85 %, 7.44% and 11.29%
in the years 2030, 2040 and 2050 respectively, corresponding to the
temperature increases of 0.7 °C, 1.2 °C and 1.5 °C. This trend was
more pronounced compared to the 30 November and 15November
sown crops. Analyzing the impact of different irrigation regimes,
the percent change with higher magnitude over the decades was
observed in the case of I, followed by I, and I,. Similarly, regarding
nitrogen application, the maximum percent deviation in yield was
evident in N, followed by N, and N, (Table 3). Under the scenario of
increasing air temperature, the 15" November sown crop along with
I, and N, is anticipated to demonstrate the least decrease in the grain
yield. This recommendation aligns with overarching observation
that different crop management practices, such as sowing dates,
irrigation regimes, and nitrogen application, play a crucial role in
mitigating the adverse effects of rising temperatures on grain yield.

Sensitivity to combination of CO, concentration and air
temperature

In contrast to the positive impact of elevated CO,
concentrations alone, the grain yield across all the treatments
exhibited a decrease with the combined increase in CO, and air
temperature. Notably, the 15 December sown crop recorded the
most substantial percent decrease in yield, with reductions of 2.11%,
3.58% and 4.25% in the years 2030, 2040 and 2050, respectively
under the influence of both elevated and air temperatures. This trend
was more pronounced compared to 30 November and 15 November
sown crops, indicating a heightened vulnerability of later sowing
dates. Analyzing the irrigation regimes, the percent change with
higher magnitude was observed in the case of I, followed by I, and 1.
Similarly, for nitrogen applications, the greatest deviation was noted
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in N, followed by N, and then N, (Table 3). This underscores the
multifaceted impact of both elevated CO, and rising temperatures,
where crop management strategies become crucial in mitigating
yield losses.

Given these observations, under the scenario of increasing
CO, concentration and air temperature, the 15 November sown crop,
when combined with I, and N,, emerges as the potential strategy to
minimize the decrease in grain yield. This recommendation aligns
with the nuanced understanding that specific combinations of sowing
dates, irrigation regimes and nitrogen levels can play a pivotal role
in addressing the complex challenges posed by the combined effects
of elevated CO, and temperatures on crop productivity.

CONCLUSION

Results revealed that the delayed sowing of wheat
caused reduction in the yield. Wheat yield increased with increase
in irrigation frequency and nitrogen levels. The CERES-wheat
model showed underestimation among the phenology and yield
attributes but good association with grain yield. The elevated CO,
concentrations alone were associated with an increase in grain yield,
while rising air temperatures exhibited a consistent decrease in yield
across all treatments. The 15 November sown crop, when paired
with irrigation at IW:CPE=1.0 and recommended dose of nitrogen,
demonstrated resilience in the face of increasing CO, concentration
and air temperature, resulting in the minimum observed decrease in
grain yield.
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