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ABSTRACT

The evaluation of climatic change impact on maize grain and biomass yield under different N
management practices through a well-calibrated and validated APSIM model in Vertisol of central India has
been made. Climate scenarios were derived from seven global climate models (GCM) for two representative
concentration pathways (RCPs), i.e. RCP4.5 and RCP8.5, and two-time slices, i.e. 2050 and 2080. The five
N scenarios, namely N0%, N50%, N100%, N150%, and 100% organic, were studied in different climatic
scenarios. The probability of exceedance showed that N0%, N50%, N100%, N150%, and 100% organic
treatments have a 50% chance of yield greater than 1.0, 3.40, 4.20, 4.45 and 3.84 t ha', respectively. The
average reduction of maize yield was -44.4, -20, -19.7 - 17.9 and 22.5 per cent in N 0%, N 50%, N 100%,
N 150%, 100% organic, respectively under RCP4.5 over the baseline period (1980-2010). For RCP8.5, the
average reduction of maize yield in N 0%, N 50%, N 100%, N 150%, 100% organic was 41.2, 21.2, 20.8
20.6 and 23.1 per cent, respectively. Simulation results suggested that a higher decrease of maize yield in
100 per cent organic treatments than inorganic treatments is due to variability in N uptake.
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The evidence of climate change is ubiquitous
with an increase in temperature and CO, concentration,
changing precipitation patterns, increased number and
severity of climate-related natural disasters, such as
heat waves, droughts, severe storms, cyclones, and
flooding (Anonymous, 2020). Since agriculture is heavily
dependent on weather and climate, the climate extremes
may interrupt crop growth, irrigation patterns, water use
efficiency, soil health, and its biodiversity, which leads to
a reduction in food production and thus, poses threats to
food security. The global mean temperature has increased
by 0.8°C since 1850s. It is projected to increase by 2 to
7°C at the end of the century (Allison et al., 2009). The
atmosphere’s CO, concentration has risen from 284 to 412
ppm from 1832 to 2020. The CO, is expected to increase
to 798 ppm by the end of the century (Tans and Keeling,
2014). The rising temperature and CO, concentration
could significantly affect crop production in different
regions of the world.

Globally, the range of yield changes under
different climatic scenarios for wheat, rice, maize, and
soybean are -6.9 to - 22.4 per cent, -3.3 to -10.8 per
cent, -8.6 to -27.8 per cent, and -3.6 to -11.6 per cent,
respectively. On average, 1.0°C increase in global mean
temperature would reduce global production of wheat by
6.0, rice by 3.2, and maize by 7.4 and soybean by 3.1 per
cent (Zhao et al., 2017).

Maize is one of the commonly grown grain
crops and remains a source of staple food and food
security for most developing countries (Mohanty et al.,
2017). Recently, India has seen a substantial jump in
maize production and became the seventh-largest maize
producer country with 27.82 mt production and net
exporter with 1.06 mt during 2018 (FAOSTAT, 2020).
Maize is an exhaustive nutrient crop; therefore, its grain
yield and biomass are largely varied with different
nitrogen rates. Nitrogen (N) fertilizer plays a vital role
in optimizing the trade-off between grain yield and profit
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(Jin et al., 2012). Hence, effective nitrogen fertilization
management is a leading challenge for enhancing maize
productivity and environmental sustainability (Ma et al.,
2006). The addition of N in agricultural soil alters the
fluxes of greenhouse gases (GHGs). Moreover, N usually
increases net primary productivity with more CO, fixation
in terrestrial systems and enhances carbon sequestration in
soil due to more litter production (Fagodiya et al., 2017).
Nonetheless, the use of models in practical applications to
assist in real-life challenges such as N rate guidance under
different agro-ecosystems is limited (Puntel et al., 2016).
However, dynamic cropping system simulation models
such as Agricultural Production Systems slIMulator
(APSIM), Decision Support System for Agrotechnology
Transfer (DSSAT), CropSyst, and others have been used
to investigate nutrient-crop-weather dynamics. With the
help of simulation models, it is practically possible to
estimate the long-term application of nutrient management
practices on crop productivity, soil organic carbon
(SOC) sequestration and climate change impact studies
(Mohanty et al., 2020). Therefore, the present study aims
to evaluate the APSIM-maize module in simulating the
pattern of maize grain yield, biomass, and N uptake under
different long term N management scenarios for present
and future climates.

MATERIALS AND METHODS
Experimental details

The field experiment was carried out at the
research farm of ICAR-India Institute of Soil Science,
Bhopal (23.28°N, 77.48 °E) on Vertisol. The study
site’s climate is hot sub-humid with annual mean air
temperature, mean annual rainfall, and annual potential
evapotranspiration of 25°C, 1169 mm and 1400 mm,
respectively. The soil of the experimental site is classified
as a deep clayey (Isohyperthermic Typic Haplustert) with
58 per cent clay, 22 per cent silt, and 20 per cent sand
in surface soil (0-15 cm).The experiment was initiated in
2011 with four nitrogen (N) levels (N0%, N50%, N100%,
and N150% of the recommended dose of fertilizers)
in maize (cv KH-101). The treatments NO0%, N50%,
N100% and N150% contain 0, 60, 120 and 180 Kg N ha!,
respectively. The phosphorous and potassium are equally
applied in all the treatments at the rates of 60 kg P,O, ha™
and 40 kg K,O ha™', respectively.

September 2021

Climatic Scenarios

The IPCC fifth assessment report used four
scenarios, namely RCP2.6, RCP4.5, RCP6.0, and
RCP8.5, to facilitate future climate change assessment
for the year 1980 to 2100. The study showed that changes
in CO,, temperature, precipitation could cover both
medium and extreme scenarios. Therefore, the well-
reasoned RCP4.5 and RCP8.5 were selected to conduct
potential climate change impact simulations because
they cover both medium and extreme scenarios. In this
study, seven global climate models (GCMs) named BCC-
CSM1-1, BCC-CSM1-1-M, GFDL-CM3, GFDL-ESM2G,
GFDL-ESM2M, GISS-E2-H, and GISS-E2-R were used
to generate future climate data (2010-2095) for the
Bhopal station, under scenarios RCP4.5 and RCP8.5.
The future data were extracted through the MarkSim web
version for IPCC AR5 data (http://gismap.ciat.cgiar.org/
MarkSimGCMY/).

The APSIM Modeling Platform: Calibration, validation,
and crop management practices

In this study, a well-calibrated APSIM-maize
model (v 7.10) was used to simulate maize yield, biomass,
and N uptake in different N management and climate
scenarios. The crop coefficient for the maize cultivar KH-
101 was set as per Mohanty et al. (2017). However, the
model was re-validated with the multiyear data of maize
grain and biomass yield under different N application
rates. The model validation was performed for 2017 and
2018 maize yield and biomass under the treatments N0%,
N50%, N100%, and N150%.Three statistical criteria,
such as root mean square error (RMSE), coefficient of
determination (R?), and Nash-Sutcliffe efficiency (NSE),
were calculated to measure the degree of coincidence
between observed and simulated grain and biomass yield.
The computational forms of the statistical criteria used
are given below:

Root mean square error (RMSE) =

>N, (04_Py)?
N

Coefficient of determination (R? ) =

N (L0P) -
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Table 1: Climate variables under different climatic scenarios at Bhopal, Madhya Pradesh.

Scenarios Year SRAD T . Toin L Change CO, Change  Rainfall ~ Change
(MIm2  (°C) (°C) (°C) inT,, (ppm)  (%)over  (mm) (%)over
day?) (°C) over baseline baseline

baseline
Baseline ~ 1976-2005  22.7 32.0 184 252 354 1169
RCPAS 2050s 19.1 3338 205 272 2.0 495 40.7 1228 5
' 2080s 19.1 34.3 211 277 2.5 532 36.6 1271 8
RCPB.S 2050s 19.1 34.3 213 278 2.6 572 41.5 1271 8
' 2080s 19.1 36.0 233 297 4.5 798 78.1 1352 14

Nash-Sutcliffe efficiency (NSE) =

_ Zia(o=py)?
1 ?:1(ol'_ 6)2

Where, ‘N’ is the number of points; ‘P’is predicted values;
‘O’ is the observed values; ‘O’ is the mean of observed
yield

Further, the model was instructed to sow maize
between 15 June to 10 July based on 30 mm of rainfall
criteria in three consecutive days and 200 mm of minimum
allowable soil water. The nitrogenous fertilizer was
applied as urea nitrogen in three splits. The first dose was
applied during sowing, and the second and third doses
were administered after 25 and 50 days of sowing. The
five N scenarios, such as N0%, N50%, N100%, N150%,
and 100% organic, were simulated for RCPs 4.5 and 8.5
in different time slices, i.e., 2050 and 2080. In 100%
organic treatment, 12 tonnes of farmyard (FYM) were
added annually on 30" May of each year. On an average,
FYM contained 25 per cent C, 0.95 per cent N, 0.55 per
cent P, and 0.71 per cent K on a dry weight basis.

RESULTS AND DISCUSSION
Climate change under future scenarios

The comparison of historical and projected climate
normal (temperature, precipitation, and solar radiation)
and CO, concentration at the study site has been shown
in Table 1. Compared to the baseline scenario (1980-
2010), the projected changes for annual precipitation
under RCP4.5 (2050s), RCP4.5 (2080s), RCP8.5 (2050s),
and RCP8.5 (2080s) scenarios increased by 5.0, 8.0, 8.0,
and 14.0 per cent, respectively (Table 1). However, an
increase in projected average temperature (Tavg) under

RCP4.5 (2050s), RCP4.5 (2080s), RCP8.5 (2050s), and
RCP8.5 (2080s) was reported by 2.0, 2.5, 2.6, and 4.5°C,
respectively. The annual maximum temperature (T __)
increase was 1.8°C in the 2050s, and 2.3°C in the 2080s
under RCP4.5; 2.3°C in 2050s and 4.0°C in the 2080s
under RCP8.5 compared to baseline. Similarly, the
annual minimum temperature (T . ) increase was 2.1°C in
the 2050s and 2.7°C in the 2080s under RCP4.5; 2.9°C in
2050s and 4.9°C in the 2080s under RCP8.5 compared to
baseline. The average CO, concentrations increased to
495, 532, 572, and 798 ppm for RCP4.5 (2050s), RCP4.5
(2080s), RCP8.5 (2050s), and RCP8.5 (2080s) scenarios,
respectively (Table 1).

APSIM validation

Overall, the APSIM simulation satisfactorily
predicted the observed maize grain and biomass yield
under the different N management practices. The RMSE,
R?, and NSE values for maize grain yield were 0.8 t ha
1.0.82, and 0.71, respectively. For the maize biomass,
RMSE, R?, and NSE values were 1.1 t ha?, 0.83, and
0.86, respectively. The NSE is a widely used and
potentially reliable statistic for assessing the goodness
Moriasi et al. (2007) used the NSE
value to classify the simulation results into unsatisfactory
(NSE< 0.5), satisfactory (0.5 <NSE< 0.65), good (0.65
<NSE< 0.75), and very good (0.75 <NSE< 1). Moreover,
when NSE is greater than 0.5 and the R? is greater than
0.6, it is suggested that the model’s simulation results
are acceptable (Lin et al., 2017). Based on NSE and R?
value obtained in this study, we could say that validation

of fit of models.

results were in good agreement between the observed and
simulated maize and biomass yield. The average model
maize yield was reported 6 per cent lower, while biomass
was reported 2 per cent higher than observed data.
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Table 2: Maize grain and biomass yield under different nitrogen management strategies in response to climate change

Scenarios Year Grain yield (t ha?) Biomass yield (t ha't)
0, 0, 0,
100% 15006 N 100%N 500N 0%N  L00%  190% yh00iN s0%eN 096N
Organic Organic N
Base 3.9 4.5 4.1 3.4 8.5 9.1 8.8 8.0 3.3
(1980-2010)
RCP4.5 2050 3.0 3.7 34 2.7 7.1 7.9 75 6.8 2.6
(-21.8) (-16.6) (-18.8) (-19.1) (-48.5) (-15.9) (-14.0) (-15.2) (-14.9) (-21.5)
2080 3.0 3.6 3.3 2.7 7.0 1.7 7.4 6.7 2.6
(-23.2) (-19.1) (20.6) (-20.8) (-40.3) (-16.9) (-15.5) (-16.3) (-15.9) (-19.4)
RCP8.5 2050 3.0 3.7 3.3 2.7 7.1 7.8 7.4 6.7 2.6
(-22.3) (-17.4) (-19.6) (-20.3) (-40.2) (-16.6) (-14.7) (-15.8) (-15.8) (-21.3)
2080 2.9 34 3.2 2.6 7.0 7.5 7.3 6.6 25
(-23.8)  (-23.9) (-21.9) (-22.2) (-40.2) (-17.7) (-18.3) (-17.2) (-16.9) (-22.5)
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Fig. 1: Probability of exceedance of maize yield based on 30 years of weather data for different nitrogen management strategies

Baseline yield risk assessment

The probability of exceedance graph for different
N management strategies has been shown in Fig. 1. The
probability of exceedance is widely used as a statistical
metric describing the probability that a particular value
will be met or exceeded. Fig. 1 indicates that maize
yield under different N management scenarios differs
substantially. The NO, N50, N100, N150 and 100 per
cent organic treatments have 50 per cent chance of
yield greater than 1.0, 3.40, 4.20, 4.45 and 3.84 t ha?,
respectively. Alternatively, during 30 years of simulation,
yield less than 1.0, 3.40, 4.20, 4.45, and 3.84 t ha in NO,
N50, N100, N150, and 100 per cent organic treatments,
respectively, would be expected for 15 years. Over the 30

years of periods, the maximum yield obtained under NO,
N50, N100, N150, and 100 per cent organic treatments
was 2.44, 3.93, 4.67, 5.6 and 4.53 t ha?, respectively.

In general, maize vyield increased with a
corresponding increase in soil N at higher N fertilizer
rates. The higher maize yield with increasing soil N is
attributed to the soil nutrients dynamics initiated by
optimal soil N-P balance and essential plant metabolic
pathways. Nitrogen plays a vital role in photosynthesis
and is an integral part of the protein. It is necessary for
enzymatic biochemical and physiological reactions in
plant metabolism. Nitrogen is mainly responsible for
increasing photosynthesizing area and thus influences
plant growth and productivity to a greater extent (Mehta
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Fig. 2: Nitrogen uptake by the maize crop as influenced by nitrogen application rate under different climate change scenarios

et al., 2011). The results, i.e., higher maize yield under
higher N application rates, are consistent with the finding
of Srivastava et al. (2018).

The average yield under 100 per cent N and
100 per cent organic treatments was 4.14 and 3.90 t
ha?, respectively. The lower average yield under the
organic treatments may be due to lower plant-available
N in commonly used organic fertilizers such as manure,
compost, green manure, organic wastes and slow nitrogen
mineralization, especially during early crop establishment
stages (Mohanty et al., 2016). The release of nitrogen
from the organic materials is positively correlated with
its initial quality. It has been seen that net nitrogen
mineralization occurs if the nitrogen concentration is
above 2 per cent, and immobilization occurs below that
concentration (Mohanty et al., 2013). However, organic
treatments perform well in other sustainability domains
such as soil health, animal welfare, and farm profitability.

Climate change impacts on maize grain yield and
biomass

The results of climate change impact on maize
grain and biomass yield are summarized in Table 2.
Compared to the baseline scenarios, the maize grain yield
decreased by -21.8, -23.2, -22.3 and -23.8 per cent under
RCP4.5 (2050s), RCP4.5 (2080s), RCP8.5 (2050s) and
RCP8.5 (2080s), respectively in 100 per cent organic
treatments. The biomass yield reduction simulated in
organic treatment was -15.9, -16.9, -16.6, and -17.7 per

cent for RCP 4.5 (2050s), RCP 4.5 (2080s), RCP 8.5
(2050s) and RCP 8.5 (2080s), respectively. For the 0 per
cent N, under different RCPs, a decrease in maize grain
and biomass yield ranged from -16.6 to -23.9 per cent and
-21.5t0-22.5 per cent, respectively, compared to baseline.
For the 50 per cent N, the maize grain yield was decreased
by -19.1, -20.8 , -20.3 and -22.2 per cent, while maize
biomass yield was reduced by -14.9 , -15.9, -15.8 and
-16.9 per cent under RCP4.5 (2050s), RCP4.5 (2080s),
RCP8.5 (2050s) and RCP8.5 (2080s), respectively,
compared to the baseline scenario. Similarly, the decrease
in maize grain and biomass yield for 100 per cent N
treatment varied between -18.8 to -21.9 and -15.2 to -17.2
per cent, respectively. However, for 150 per cent N, the
decline in maize grain and biomass yield was observed to
be between -16.6 to -23.9 per cent and -14.0 to -17.7 per
cent, respectively. It is observed that decrease in yield
parameters followed the trends: N0% >100% organic
>N50%, >N100%, >N150% under different climatic
scenarios. A higher yield decrease in 100 per cent organic
treatment than inorganic treatments can be explained by
the variability (coefficient of variation) observed in N
uptake in different N management practices under future
climatic scenarios (Figure 2.). Schrama et al. (2018)
reported that a 21% yield difference between organic and
conventional systems was due to the variation in N uptake
in the system. The variability in N uptake during the
maize growth followed the trend similar to the decrease
in maize yield under different N management practices
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i.e NO% >100% organic >N50%, >N100%, >N150%.
The average variability observed in N0%, 100% organic,
N50%, N100%, N150% was 45,22, 16,9 and 9 per
cent, respectively. The higher temperatures also resulted
in lower N uptake and other key nutrients irrespective of
the treatments (Craine et al., 2018).

On an average, within the treatment, a higher
decrease was reported in RCP 8.5 and 2080s time slice
than RCP4.5 and 2050s. It may be ascribed to a higher
temperature during the maize crop cycles in RCP8.5
and 2080 time frames than the base and RCP4.5. The
temperature increase in RCP4.5 (2080s) and RCP8.5
(2080s) was 2.5°C and 4.5°C, compared to the baseline.
However, at the same time, higher CO, concentration was
reported in the respective RCPs and time slices than in
baseline (Table 1). Higher CO, concentration may lead
to higher crop yield (Patidar et al., 2020). However,
the positive effect of CO, fertilization is masked by
the increase in temperature (Parry et al., 2004). In line
with this study’s finding, Ozturk et al. (2018) reported a
shortening of the maize growing period and less N uptake
under the high-temperature scenarios.

CONCLUSIONS

The results from this study indicated that there was
a considerable reduction in maize grain and biomass yield
under future climate change scenarios. The reduction was
more in RCP8.5 compared to RCPs4.5. Furthermore, the
yield reduction was more in 2080s times slices compared
to 2050s. The decrease in maize grain and biomass
yield was higher in 100 per cent organic than inorganic
treatments, possibly due to higher variability in nitrogen
uptake in organic treatment than inorganic treatments.
From this simulation study, it was also observed that the
CO, fertilization effect was masked by the increase in
temperature under different climate scenarios on maize
grain and biomass yield.
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