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Abstract

Recent trends of climate change have raised serious concerns about the food production not only in regional levels
but locally and globally. The well calibrated and validated Crop Simulation Model (CSM)-Crop Environment Resource
Synthesis (CERES)-Maize (v 4.0) model and secondary crop data were used to test sensitivity of this model in sub-
tropical condition of Nepal. The model was sensitive to climatic parameters (temperatures CO, concentration and
solar radiation) and weather years on yields of Rampur Composite, Upahar and Arun-4. The simulated yield for
Rampur Composite and Arun-4 were 13.41% and 16.89% higher, respectively in 2006, while it was 0.12% higher for
Upahar in 2005 than the yield of maize in 2007. Likewise, decrease in both maximum and minimum temperature by 4°C
with respect to either solar radiation (+1MJmday™) and CO, (+20 ppm) change or not change, maize yield increased
by 11.72-49.11% as compared to base scenario while it was decreased by 32.22-2.83% for increase in both maximum
and minimum temperature by 4°C along with either change in solar radiation (+1MJmday) and CO, (+20 ppm) or
remains same. Results revealed that the temperature is more critical for yield potentiality of cultivars than any other
climatic parameters. Screening out and adopting of new technology would be required to combat with changing
climatic scenarios for attaining the potential yield of maize.
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Introduction

The six most widely grown crops in the world are For the Indian Sub-continent, it is predicted that the
wheat, rice, maize, soybean, barley and sorghum. For mean atmospheric temperature will increase by 1-to
wheat, maize and barley, there is a clearly negative 4°C (Sinha & Sawaminathan 1991). Although the solar
response of global yields to increased temperatures radiation received at the surface will be variable
(Lobell & Field 2007). Annual global temperatures have geographically, on average, it is expected to decrease
increased by ~ 0.4 °C since 1980, with even larger by about 1% (Hume & Cattle 1990).

changes observed in several regions (IPCC

2001).Global climate change, in the form of rising Crop simulation models, including CERES-Maize,
temperature and altered soil moisture, is projected to which is available either as stand alone model, or within
decrease the yield of food crops over the next 50 years the Decision Support System for Agrotechnology
(Thomson et al. 2005). Meanwhile, the simultaneous Transfer (DSSAT) version 4 (a recently developed
increase in CO, concentration is predicted to stimulate computer software program for decision support
crop production and offset these detrimental system) shell, can be used to understand the influence
components of climate change (Thomson et al. 2005). of climate change. Schultze et al. (1996) used CERES-
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Maize to evaluate the impact of climate change in
Africa. After employing different climate scenarios
for the 21 century, they found that the CO, enrichment
counteracted the relatively modest changes in
temperature and precipitation. Similarly, Iglesias (1994)
demonstrated climate change scenarios in a
greenhouse induced warmer climate, based on Goddard
Institute for Space Science (GISS), Geophysical Fluid
Dynamics Laboratory (GFDL), and United Kingdom
Meteorological Office (UKMO) climate models, and
projected an increase in evaporative rates and a more
vigorous water cycle. Wolf (2002) considered a
scenario with increased amounts of CO, and showed
that yields increased in proportion to other variable
changes such as solar radiation and temperature. By
using the CERES models, assessment on strategic
management and climate change pattern have been
done.

CERES model system allows user to screen new
technology packages, such as a new cultivar or fertilizer
management strategies, without spending excess time
on expensive, time consuming field trials. By simulating
outcomes of strategies, user can ask “what if”
questions and explore the options. Sustainable
agriculture requires tools that enable decision makers
to explore the future. A decision support system must
help users make choices today that result in desired
outcomes, not only next year, but 10, 25, and 50 or
more years into the future (International Benchmark
Sites Network for Agrotchnology Transfor 1998).
These models have been calibrated and validated
across the world, including many countries in Asia
(Timsina & Humphreys 2003) and in N-W India
(Timsina et al. 2004) and hence are suitable for
sensitivity analysis to CO, and climate change
parameters. Hence, the present investigation was
accomplished to understand the sensitivity of a model
in terms of yield of maize varieties to changes in major
climatic parameters as temperatures, CO, and solar
radiation and weather years.

Methodology

A field experiment was laid out in two factorial
randomized complete block design at the agronomy
farm of Institute of Agriculture and Animal Science
(IAAS), Rampur, Chitwan during spring season of 2007.
Field data of best performed treatment, 7.41 plants m
density for all three maize cultivars (Rampur Composite,
Upahar and Arun-4), were used for calibration of a

model. For each variety, the genetic coefficients were
determined using 8°C as base temperature: (i) Degree
days (base 8°C) from emergence to end of juvenile
phase (P1); (ii) Photoperiod sensitivity coefficients (0-
1.0) (P2); (iii) Degree days (base 8°C) from silking to
physiological maturity (P5); (iv) Potential kernel
number (G2); (v) Kernel filling rate coefficients (G3)
and (vi) Degree days required for a leaf tip to emerge
(Phyllochron interval) (°C d) (PHINT). These
determined genetic coefficients of three varieties used
for the validation with their respective varieties. Model
validation was illustrated by comparison of the model
performance against data collected on maximum leaf
area index (LAI max), days to anthesis and maturity,
tops weight at maturity and grain yield for all nine
treatments (4.76 plants m2, 5.56 plants m2 and 6.36
plants m2 for all varieties). Model evaluation for
development, yield and time-course of growth was
performed using root mean square error (RMSE) and
index of agreement (D-index) as suggested by Willmott
(1982) and Willmott et al. (1985).

Changes in CO, concentration, temperature and solar
radiation were considered to test the sensitivity of
yield and growth of maize varieties simulated by CSM-
CERES-Maize model, embodied within the DSSAT (v.
4), to the climate parameters. Density at 6.35 plants m-
2 for all 3 cultivars was taken as ‘base or standard
scenario’. Weather data of 2007 was used for ‘base
scenario’ or ‘standard treatment’ and various changes
to CO, and climatic parameters were made. Model was
first run for 3 years of weather data from Rampur to
observe the sensitivity of the models to various
weather years. Sensitivity of the model to climate
change parameters was carried out for an increase or
decrease in maximum and minimum temperature by 4°C,
increase or decrease in solar radiation by 1 MIm-2day
*and for an increase of CO, concentration by 20 ppm
to the 2007 weather data. The climate change simulation
was accomplished by using the environmental
modification section of File-X used to run the model
(Jones et al. 2003).

Results and Discussion

Derivation of genetic coefficients

The genetic coefficients were adjusted for three maize
cultivars (Table 1) by running the models several times
by trial and error methods. Genetic coefficient values
of these varieties vary due to variation in growth and
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development rate at different phase. These estimated anthesis day, days to physiological maturity and grain
genetic coefficients were then used for validation and yields for three cultivars were accurately found to be
further analysis/evaluation of the model. The simulated close to the observed values.

Table 1. Estimated genetic coefficients of maize varieties under different plant densities during 2007 in Rampur

Cultivars ] o Anthesis |Physiological | Grain yield
Genetic coefficients .
day maturity day | (kg ha?)
P1 P2 P5 G2 G3  PHINT| Sim. | Obs.|Sim. | Obs. | Sim. |Obs.
Rampur Composite 285.7 0.50 869.5 7524 8.71 45 68 |68 |109 109 4538 4538
Upahar 300.0 0.50 880.0 7120 8.75 45 70 |70 |112 112 5052 |5052
Arun-4 233.0 0.50 784.0 665.7 8.93 48 63 |63 |100 100 4052 | 4052
Sim. - Simulated, Obs.- Observed
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Model validation

Observation on anthesis days and physiological
maturity days, LAlmax, unit weight of grain, tops
weight at maturity and grain yield were used for the
model validation. The validation results showed that
the CERES-Maize model could be safely used as
assistant tools to study the impact of change in
climatic parameters on the yield of maize crop.

Simulation results in maize showed good agreement
between observed and predicted maximum LAl
(RMSE of 0.28 and D-index of 0.89), anthesis days
(RMSE = 0.82 days and D-index = 0.98), maturity
days (RMSE = 1.16 days and D-index = 0.99), and
grainyield (RMSE =229.89 kg ha%, and D-index =
0.94) (Fig. 1). Similarly, unit weight of grain (RMSE
of 0.01g and D-index of 0.79) was well simulated
with observed value. However, tops wt at maturity
showed fairly satisfactory agreement (RMSE =
5437.15 kg haland D-index = 0.48) between
observed and predicted values as simulated values
were under predicted to all observed yields. Some
of the discrepancy might be due to the variations in
initial soil nitrogen status indicating low to
moderate soil fertility as it was found in the research
field.

Sensitivity of CSM-CERES-Maize to
weather years

The model was run for 3 years of weather data (2005-
2007) from NMRP, Rampur, Chitwan. Results showed

that the simulated yields of three varieties of maize
were sensitive to various weather years. Simulation
clearly indicated that maize yield was higher for
Rampur Composite and Arun-4 in 2006 (13.41 % for
RC and 16.89% for Arun-4 over 2007, the base year)
and for Upahar it was non-significantly higher in
2005 (0.12% over 2007, base year). There were,
however, not marked differences on days to anthesis
and to physiological maturity for different weather
(Table 2). The higher yields of grain in 2005 and
2006 were related to ambient weather conditions in
terms of average daily temperature, PAR and rainfall

(Fig. 2).

Throughout the growing season, maize received
higher daily PAR, ambient and a bit higher average
daily temperature and more or less consistent
precipitation on active growing stage in the year
2005 and 2006 over base year. The growing condition
has altered the grain yield of maize varieties. Cirilo
& Andrade (1994) reported that maize kernels yield
was closely associated with kernels number plant?
at harvest due to variation in growth conditions.
Maize kernels number plant® was positively related
to intercept photosynthetically active radiation and
growth rate (Kiniry & Knievel 1995, Ouda & Swilam
2003) and negatively related to temperature (Ouda
& Swilam 2003).

Table 2. Sensitivity of simulated yields and phenology of maize cultivars to weather years

. . - Physiological
Weather years Treatments Grain yield (kg ha)| Percentage yield | Anthesis .
_ (days) maturity (day_s)
Obs. Sim. Obs. Sim.

20078 RC 4460 4353 100.00 68 109 109
Upahar 4770 4868 100.00 70 112 112

Arun-4 3576 3841 100.00 63 100 100

2006 RC - 4971 113.41 67 - 109
Upahar - 4761 97.80 69 - 111

Arun-4 - 4490 116.89 63 - 100

2005 RC - 4855 111.53 65 - 107
Upahar - 4874 100.12 67 - 109

Arun-4 - 3903 101.61 61 - 100

astandard year, Sim. - Simulated, Obs.- Observed
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Fig. 2. Simulated (a) daily photosynthetically active radiation (MJm-2day'), (b) average daily temperature (°C), and (c) daily
precipitation (mm) during maize season
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Sensitivity to climate parameters

Various scenarios of temperature, carbon dioxide
concentration and solar radiation were selected for
sensitivity analysis of yields simulated by CERES-Maize
for each cultivar (Table 3). Compared to simulated yield
of standard treatment, the increase in yield was 39.90%,
17.83% and 29.54% for Rampur Composite, Upahar and
Arun-4, respectively, with the decrease in both maximum
and minimum temperature by 4°C, but, the increase in
both maximum and minimum temperature by 4°C actually
decreased the yield by 12.5%, 25.56% and 20.13% for
Rampur Composite, Upahar and Arun-4, respectively.
Likewise, it was found increased in crop duration and
yield for decreased in temperature. The decrease in crop
growth was 12-14 days irrespective to varieties for
increased temperature while increase in crop growth was
18-20 days irrespective of varieties for decreased

temperature (Table 3). Temperature primarily affected
growth duration with lower temperature increasing the
length of time that the crop could intercept radiation.
The solar radiation response was related to the amount
of incident radiation and to the fraction of radiation
intercepted by the crop. In the tropics, high temperature
decreasedthe duration of growth and grain yield, despite
high levelsof radiation (Muchow et al. 1990). However,
higher temperatures generally decrease yield by speeding
up a plant’s development so that it matures sooner (thus
reducing the period available for yield production); they
often also exacerbate stress on water resources that are
essential for crop growth. Yield decreases would be
greatest if higher temperatures occur during the period
when the maize ears are swelling (Southworth et al. 2000,
Jones & Thornton 2003). Temperature affects the
duration of crop growth, through its effect on enzymatic

reactions in the plant (Gardner et al. 1985).

Table 3. Sensitivity analysis of maize cultivars with changes in temperature, solar radiation and CO, concentration

Max temp | Min temp| CO, conc. | Solar radiation Treatments | Simulated yield Percentage| Growth duration
(°C) (°C) (ppm) (MJIm2day) (kg hat) yield (days)
+02 +0 330 +0 RC 4353 100.00 109
Upahar 4868 100.00 112
Arun-4 3841 100.00 100
+4 +4 330 +0 RC 3809 87.50 96
Upahar 3624 74.44 98
Arun-4 3068 79.87 88
-4 -4 330 +0 RC 6090 139.90 128
Upahar 5736 117.83 132
Arun-4 4976 129.54 119
+4 +4 +20 +0 RC 3902 89.63 96
Upahar 3650 74.97 98
Arun-4 3105 80.83 88
-4 -4 +20 +0 RC 6113 140.43 128
Upahar 5757 118.26 130
Arun-4 5000 130.17 119
+4 +4 +20 +1 RC 4243 97.47 96
Upahar 3955 81.24 98
Arun-4 3361 87.50 88
+4 +4 +20 -1 RC 3373 77.48 96
Upahar 3300 67.78 98
Arun-4 2843 74.01 88
-4 -4 +20 +1 RC 6491 149.11 128
Upahar 6103 125.36 130
Arun-4 5535 144.10 120
-4 -4 +20 -1 RC 5774 132.64 128
Upahar 5439 111.72 130
Arun-4 4643 120.87 119

3standard treatment
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Elevated CO, by 20 ppm along with increased
temperature had resulted in decrease in grain yield
by 10.37%, 25.03% and 19.17%, respectively, for
Rampur Composite, Upahar and Arun-4. But, in
combination with decreased temperature, there was
increased in yield by 40.43%, 18.26% and 30.17%,
respectively for Rampur Composite, Upahar and
Arun-4. Simulated grain yield was decreased by
2.53%, 18.76% and 12.5%, respectively, for Rampur
Composite, Upahar and Arun-4, when there was
increased in 1 MJm-2day! solar radiation along with
the increased temperature (+4°C) and CO,
concentration (+20 ppm). Increased in temperature
by 4°C along with increase in CO, concentration (+20
ppm) and decrease in solar radiation (-1 MJm-2day-
1 resulted decreasing yield by 22.52%, 32.22% and
25.99% for Rampur Composite, Upahar and Arun-4,
respectively. Decreased temperature (-4°C)
accompanied with increase in CO, concentration
(+20 ppm) and increase in solar radiation (+1 MJm-
2day™) had increased the simulated yield of Rampur
Composite by 49.11%; Upahar by 25.36% and Arun-
4 by 44.10%. Similarly, decreased temperature (-4°C)
accompanied with increase in CO, concentration
(+20 ppm) and decrease in solar radiation (-1 MJm-
2day?) had also increased the simulated yield of
Rampur Composite by 32.64%; Upahar by 11.72%
and Arun-4 by 20.87%. The decrease in yield due to
decrease in solar radiation might be due to negative
impact on the leaf area index of the crop as described
by Reddy and Reddi (2005).

Decreased temperature accompanied with increased
in CO, concentration and solar radiation resulted in
longer crop duration and higher yield (Table 3). In
general, higher CO, levels in the atmosphere,
increase growth and yield, mainly through their
effect on the crop’s photosynthetic processes
(Hendrey & Kimball 1994)). Enzymes of both the C,
cycle and Calvin cycle in maize were consistently
lower under elevated CO,, with malate
dehydrogenase (“37%) and glyceraldehyde-3-
phosphate dehydrogenase activities (“29%)
declining to the greatest extent in young leaves
(Maroco et al. 1999). Conversely, theoretical
treatment of C, photosynthesis suggested that
differences in either leakiness or direct CO, fixation
are unlikely to play a significant role in the
responsiveness of C, photosynthesis to high CO,
(Ghannoum et al. 2000).

CERES-Maize model was found sensitive towards
changing scenarios like weather years, CO, and
climatic parameters. Sensitivity tests showed that
weather year affect the simulated yield of maize and
the year 2006 was good for Rampur Composite and
Arun-4 while detrimental for Upahar. Likewise, increase
in temperature, irrespective to increase in CO, and
increase or decrease in solar radiation have reduced
the simulated yield and crop growth duration. In
addition, decrease in temperature, irrespective to
increase in CO, and increase or decrease in solar
radiation have increased the simulated yield and crop
growth duration. Detrimental impacts resulted when
the temperature increased since it reduced the yield
and duration of crop. Hence, through closer
investigation on model processes new technology can
be explored using CERES model for combating with
the changing climatic scenarios.
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