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ABSTRACT 
 
Crop production is inherently sensitive to variability in climate. Temperature and CO2 are two 
important parameters related to climate change, affecting crop yield in a particular region. In this 
study, an attempt has been made to assess the impact of these two parameters on the productivity 
of maize crop taking sub tropical region of Jammu as study area. A CERES-Maize model 4.0 was 
used for this purpose. Three-year weather data (2004-06) is used to simulate the actual yield under 
rainfed and irrigated conditions. Yield was simulated with elevated temperature (1, 3 and 5oC) and 
CO2 (440, 550 and 660 ppm) during the growing season. As changes in CO2 concentration and 
temperature likely to occur concomitantly, so growth and development of maize plant at three 
temperature regimes (1, 3 and 5oC) under double (660 ppm) CO2 concentration to the baseline (330 
ppm) was also assessed. The difference in yield, biomass, grain number and LAI was estimated 
and analyzed to assess the effect of elevated temperature and CO2. Results revealed that the rise 
in temperature accelerated plant phenology, reducing dry matter accumulation and crop yield by 5 
to 60 per cent. Elevation of CO2 in the level of 440, 550 and 660 ppm showed gradual yield 
increment of 2.01, 3.92 and 5.37 per cent under rainfed conditions and 2.33, 4.52 and 7.41 per cent 
under irrigated conditions, respectively. Doubled CO2 increased yield at all the temperature rise 
situation and completely mitigated the yield and biomass reduction due to temperature rise up to 
1oC. 
 

 

Keywords: DSSAT; simulation model temperature rise; elevated CO2; maize. 
 

1. INTRODUCTION 
 
Climate change is one of the primary concerns 
for humanity in the 21st century. The 
Intergovernmental Panel on Climate Change 
(IPCC) Fourth Assessment Report concludes 
that there is strongly evidence that human 
activities have influenced the world’s climate over 
the last century and a half [1]. “Global 
atmospheric carbon dioxide concentration has 
been estimated that it will increase between 540 
and 970 µmol mol-1 by the end of 21st century” 
[2]. “Recent projections have also suggested that 
global surface air temperature may increase 1.4-
5.8oC in association with the doubling of carbon 
dioxide concentration” [3]. According to the report 
of Intergovernmental Panel on Climate Change 
(IPCC), global mean temperature will rise 0.3 oC 
per decade reaching to approximately1 and 3oC 
above the present value by years 2025 and 
2100, respectively and leads to global             
warming. 
 
“Agriculture is one of the few sectors of the 
modern economy directly exposed to and thus 
likely to be affected by climate change. Climate 
change is expected to impact crop yield both in 
positive and negative ways, though the 
magnitude may differ at various locations. An 
assessment of the possible net impact of climate 
change can help in formulating new strategies to 
mitigate negative impacts while sustaining 
positive impacts of climate change on crop 

production through proper adaptation 
methodology. Recent studies confirm that the 
impact of global warming beyond a certain limit 
may be serious for agricultural productivity” 
[1,4,5]. 
 
“Different aspects of climate change such as 
higher atmospheric CO2 concentration and 
increased solar radiation and temperature have 
different effects on plant production and crop 
yields. In general, higher CO2 concentration 
increases plant production because the 
increased content of CO2 in the air stimulates 
photosynthesis. Simultaneously, the transpiration 
intensity is reduced by partially closing the 
stomata, which leads to the improved water use 
efficiency (WUE)” [6,7]. Increasing solar radiation 
simulates the leaf assimilation [8] thereby 
increasing the yields [9,10]. “However, as the 
increased solar radiation stimulates 
evapotranspiration, the yields may decrease due 
to a deepened water stress if the water supply is 
at its critical level. Rising temperature will leads 
to altered growing season of agriculture crops by 
allowing the threshold temperature for the start of 
the season and crop maturity to reach earlier 
[11]. High temperature affects morphological, 
biochemical and physiological processes in 
plants and the major effect entail scorching of 
aerial plant parts, leaf abscission and 
senescence and causes inhibition of root and 
shoot growth and ultimately reduced yield in 
maize” [12,13]. 
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Fig. 1. The scheme of the crop model experiments used in climate change impact studies 
 
The interaction of these factors will determine the 
impact on crop productivity, management and 
economics of agriculture and climate change. 
Since both carbon dioxide concentration and 
temperature are among the most important 
environmental variables that regulate 
physiological and phenological processes in 
plants, it is critical to evaluate the effects of CO2 
concentration and air temperature on the growth 
and yield of key crop plants. Because changes in 
carbon dioxide concentration and temperature 
are likely to occur concomitantly, it is of particular 
interest to quantify the interactions of these two 
variables. 
 
“Crop growth models have considerable potential 
in agriculture research, development of cropping 
technologies and the exploration of management 
and policy decisions for implementations and 
adapting to current and future climate change” 
[14]. “Crop modeling helps to understand 
functioning of crops and agricultural systems and 
particularly about the interactions between crops 
and their environment” [15,16]. “The decision 
support system for Agrotechnology transfer 
(DSSAT) was developed to operationalize this 
approach and make it available for global 
applications. The DSSAT helps decision-makers 
by reducing the time and human resources 
required for analyzing complex alternative 
decisions” [17].  
  
The objectives of this study is to assess the 
impact of important components of climate 
change i.e. temperature, CO2 and solar radiation 
on the productivity of maize by comparing model 

crop yields simulated with use of weather series 
representing the present climate and changed 
climate (Fig. 1). 
 

2. MATERIALS AND METHODS 
 

2.1 Study Site 
 
The field experiments were conducted during 
Kharif seasons of 2018 to 2020 at KVK, Reasi 
Farm SKUAST- Jammu. The geographical 
location of which is 320 59' North latitude and 740 

58' East longitude at an elevation of 867 meters 
above MSL. The annual rainfall is 917.5 mm, 
which mostly occur during June to September. 
July receives highest monthly rainfall of 345.6 
mm followed by August 210.5 mm. A solar 
radiation receipt is lowest (13.1 Wm-2) during 
January followed by December (13.3 Wm-2). The 
maximum solar radiation is observed during May 
(22.8 Wm-2). The mean monthly maximum 
temperature varies between 17.50C in January to 
38.50C in June while minimum temperature 
increases from 5.70C in January to 25.30C in July 
and thereafter decreases continuously to 7.10C 
in December. The soil was sandy loam in texture 
with 67% sand, 21% silt and 12.5% clay having 
soil moisture retention capacity. 
 

2.2 Crop Model  
 
To investigate physiological responses of the 
maize crop to changes in climate, crop growth 
model CERES-Maize version 4 is used in this 
study. The model was developed within the 
frame of IBSNAT (International Benchmark Sites 



 
 
 
 

Koushal et al.; J. Sci. Res. Rep., vol. 30, no. 9, pp. 84-91, 2024; Article no.JSRR.121527 
 
 

 
87 

 

Network for Agrotechnology Transfer) project 
and was run with in the DSSAT [ Decision 
Support System for Agrotechnology Transfer] 
environment. The model was chosen because of 
its ability to simulate both the stressed yield, 
which is limited by the genetic potential of the 
crop, temperature, solar radiation and available 
water and nutrients and the potential yield which 
is limited by the genetic potential of the crop, 
temperature and solar radiation. 
 
The CERES-Maize model is a mechanistic 
process- based model, which increments crop 
growth in the daily steps. The input data required 
for the simulations include: (i) cultivar 
characteristics (given in terms of genetic 
coefficients), (ii) field attributes (slope, drains, 
longitude, latitude), (iii) soil characterstics 
(texture, bulk density), (iv) planting details (date 
of seeding, seedling population, row spacing, 
planting depth), (v) management factors (tillage 
irrigation and fertilization), (vi) series of daily 
weather characteristics (sum of solar radiation, 
maximum and minimum air temperature and 
precipitation amount). 
 
The CERES-maize was calibrated and validated 
with the data obtained from experimental field. 
The model was run for three year (2004-06) with 
baseline climate and climate change scenarios 
under rainfed and irrigated conditions. 
        

2.3 Input Data to CERES-Maize Model 
 
Weather data of the study area were collected 
from the observatory of Agrometereological 
Research Field, Main Campus Chatha, SKUAST-
J, Jammu for a period of three years (2004-
2006). This includes maximum and minimum 
temperature, precipitation and solar radiation. 
Calibrated crop coefficients of the maize crop 
and soil data were collected. The variety of 
maize for which calibrated coefficients were 
taken is Ganga Safed-2. The calibrated 
coefficients were validated for another year. 
 

2.4 Climate Change Scenario  
 
The growth and yield of maize under current 
weather and CO2 condition as well as under 
different changing scenarios with rise in 
temperature, solar radiation and CO2 was 
simulated using CERES-maize model. 
Modifications were introduced to CERES-Maize 
in order to account for the effect of rising 
temperature, solar radiation and atmospheric 
CO2 on crop growth. Initial CO2 was fixed at 330 

ppm. The model simulations were run at three 
level of rise in CO2 (440, 550 and 660 ppm), 
temperature (1, 3 and 50C) and solar radiation (1, 
3 and 5 MJ m-2 day-1) relate to present scenario. 
 

2.5 Simulation Analyses  
 
Simulations were run with the sowing dates set 
to 10th June, corresponding to the 161 Julian day 
of the year. The sowing date corresponds with 
traditional crop management in the study zone.  
The effects of temperature, solar radiation and 
CO2-induced climate change on crop production, 
expressed as the relative changes in yields 
between the baseline and rise in climatic 
variables, are presented as percentage changes 
in average yield and other crop growth variables 
from the baseline. 
  

3. RESULTS AND DISCUSSION 
 

3.1 Impact of Elevated Temperature  
 
The rise in temperature showed a general 
tendency towards diminishing future maize yields 
in the experimental field (Table 1). The yield 
reduction of maize crop ranged from 9 to 62 
percent with subsequent reduction in LAI (1 to 60 
percent), biomass (4 to 64 percent) and grain 
number (5 to 53 percent). The elevated 
temperature up to 1oC did not show the marginal 
effect on grain yield where as significant yield 
reduction was observed at 3 and 5oC. Under 
irrigated conditions the reduction was slightly 
higher than rainfed conditions. “The negative 
effect of rising temperature on yield may be due 
to the fact that warmer temperatures speed plant 
development during the earlier part of the 
season, potentially causing the flowering stage to 
begin earlier. The increased temperatures during 
a plant’s reproductive period, when grain filling 
occurs, indirectly cause yield reductions because 
increased temperatures decrease the 
reproductive period duration and prevent grains 
from reaching their potential size by accelerating 
a maize plant’s development” [18]. “High 
temperature caused significantly declines in 
shoot dry mass, relative growth rate and net 
assimilation rate in maize, though leaf expansion 
minimally effected” [12]. 
 

3.2 Impact of Elevated Solar Radiation 
 
Rise in solar radiation showed gradual yield 
enhancement (Table 1). The magnitude of 
increase in yield was 4.40, 12.75 and 17.43 
percent under rainfed conditions where as it was 
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4.65, 13.58 and 22.28 percent under irrigated 
conditions against different level i.e.1, 3, 5 MJ m-

2 day-1 of solar radiation, respectively. The 
enhancement of yield was higher under irrigated 
conditions as compared to rainfed conditions. 
The other parameters i.e. LAI, biomass and grain 
number showed the same trend. Increasing solar 
radiation simulates the leaf assimilation [8] 
thereby increasing the yields [9,10]. However, as 
the increased solar radiation stimulates 
evapotranspiration, the yields may decrease due 
to a deepened water stress if the water supply is 
at its critical level [19,20]. 
 

3.3 Impact of Elevated CO2  

 
Elevation of CO2 in the level of 440, 550 and 660 
ppm showed gradual yield increment of 2.01, 
3.92 and 5.37 percent under rainfed conditions 
and 2.33, 4.52 and 7.41 percent under irrigated 

conditions, respectively (Table 1). The LAI, 
biomass and grain number was increased by 
0.81 to 1.61, 1.82 to 4.36 and 2.01 to 5.35 per 
cent under rainfed conditions and 1.04 to 2.09, 
2.21 to 5.98 and 2.35 to 7.43 percent under 
irrigated conditions against increased CO2 level 
from 440 to 660 ppm, respectively. “This may be 
due to the positive effect of CO2 on maize growth 
and yield. Co2 affects the maize plant by eliciting 
two direct physiological responses viz. enhanced 
rates of photosynthesis and reduced stomatal 
conductance. Greater photosynthesis allows 
greater carbon gain and biomass accumulation, 
while reduced stomatal conductance leads to 
lower transpiration and lower soil                            
moisture depletion, which can delay the water 
deficit” [7]. Both aspects enhance the water use 
efficiency of maize causing increased growth 
[21,22]. 

 
Table 1. Effect of rise in mean temperature, solar radiation and CO2 concentration on yield of 

maize cultivar var. Kanchan 
 

Parameters     % Change 

  Crop yield  LAI  Biomass  Grain no. 

Temperature (0C) 

Rainfed     

1  -9.18   -1.06  -4.93   -5.06 
3  -34.16   -28.99  -33.31   -27.92 
5  -60.50   -59.57  -62.76   -52.16 

Irrigated 

1  -9.64   -1.04  -5.48   -5.50 
3  -35.89   -30.21  -34.47   -29.80 
5  -61.48   -60.42  -63.33   -53.33 

Solar radiation (MJ m-2 day-1) 

Rainfed 

1  4.40   2.42  4.00   4.40 
3  12.75   5.11  10.30   12.78 
5  17.43   6.72  13.88   17.26 

Irrigated 

1  4.65   2.61  4.41   4.68  
3  13.58   6.27  11.50   13.59 
5  22.28   9.04  16.72   22.32 
CO2 (ppm) 

Rainfed 

440  2.01   0.81  1.82   2.01 
550  3.92   1.08  3.29   3.94 
660  5.37   1.61  4.36   5.35 

Irrigated 

440  2.33   1.04  2.21   2.35 
550  4.52   1.57  3.92   4.52  
660  7.41   2.09  5.98   7.43 
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Table 2. Combined effects of doubling CO2 concentration (660 ppm) and rise in temperature on 
crop growth of maize 

 

Temperature     % Change 

 (oC) Crop yield  LAI  Biomass  Grain no. 

Rainfed 

1 0.42   1.36   3.23   1.08 
3 -25.68   -18.56  -16.94   -21.78 
5 -54.05   -44.39  -50.00   -54.55 

Irrigated 

1 0.81   0.26  1.41   0.90   
3 -27.44   -18.54  -23.20   -20.78 
5 -55.34   -51.70  -55.50   -45.90 

 

Table 3. Combined effect of rise in temperature and solar radiation on crop growth of maize 
 

Temperature (oC)     % Change 

& Solar Radiation Crop yield  LAI  Biomass Grain no. 
(MJ m-2 day-1) 

Rainfed 

1  4.78   2.34  0.17  0.46 
3  20.17   12.90  16.30  12.56 
5  44.35   40.05  43.00  32.62  

Irrigated 

1  4.89   3.44  0.41  0.56   
3  22.04   14.10  17.58  14.60 
5  45.60   40.99  43.62  34.14 

 

3.4 Combined Effect of Doubling CO2 and 
Rise in Temperature 

 

Results of simulated yield and growth 
parameters clearly indicates that the decline in 
yield due to temperature stress was 
compensated through doubling the CO2 level to 
660 ppm, though the range is different at 
different temperature rise scenarios (Table 2). 
The double CO2 compensated the yield reduction 
due to the temperature rise up to 10C. Beyond 
10C, the rising CO2 could not completely mitigate 
the adverse effect of rising temperature in maize. 
Decrease of yield following rise in temperature 
up to 30C coupled with doubling of CO2 was 
25.68 and 27.44 percent in rainfed and irrigated 
condition, respectively. This clearly indicates that 
the negative effects on crop yields of warmer 
temperatures in the changed climate were 
stronger than the positive effects of elevated 
CO2. The biomass, LAI and grain number 
decreased similarly as biomass and yield               
does. 
 

3.5 Combined Effect of Rise in 
Temperature and Solar Radiation 

 
The effect of rise in temperature and solar 
radiation on simulated crop yield, LAI, biomass 
and grain number is shown in the Table 3. 

Results revealed the increase in yield and other 
parameters under 1 unit increment in 
temperature and solar radiation. After that there 
was a decreasing trend. 
 

4. CONCLUSION 
 

In conclusion, it may be stated that the results 
obtained from CERES-Maize model are in good 
agreement with the rules governing the growth 
and development. Simulated yield was found to 
be sensitive to changes in atmospheric CO2, 
temperature and solar radiation. The elevated 
CO2 concentration enhanced growth and yield of 
maize crop but the beneficial effects of elevated 
CO2 decreased or even nullified with rise in 
temperature. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

ACKNOWLEDGEMENT 
 
The authors wish to express gratitude to ICAR 
for the funding of this research work under AP-



 
 
 
 

Koushal et al.; J. Sci. Res. Rep., vol. 30, no. 9, pp. 84-91, 2024; Article no.JSRR.121527 
 
 

 
90 

 

CESS scheme. The authors also acknowledge 
the SKUAST-Jammu for providing the facilities 
and congenial atmosphere for smooth 
functioning of project work. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Intergovernmental Panel on Climate 

Change. Climate change: Impacts, 
adaptation and vulnerability. Technical 
Summary of Working Group II to Fourth 
Assessment Report Inter-governmental 
Panel on Climate Change. Parry ML, 
Canziani OF, Paultikof JP, van der Linden 
PJ, Hanon CE. (Eds.); 2007. 

2. Prentice IC, Farquhar GD, Fasham MJR, 
Goulden ML, Heimann M, Jaramillo VJ et 
al. The carbon cycle and atmospheric 
carbon dioxide. In: Johnson CA. (Ed.), 
climate change 2001. The Scientific 
Basis. Cambridge University Press, 
Cambridge, UK. (Chapter 3) 2001;183-
237. 

3. Cubasch U, Meehl GA, Boer GJ, Stouffer 
RJ, Dix M, Noda A, Senior CA, Raper S, 
Yap KS. Projections of future climate 
change. In: Johnson CA. (Ed.), Climate 
change 2001. The Scientific Basis. 
Cambridge University Press, Cambridge, 
UK. (Chapter 9) 2001;525-582. 

4. Yasin M, Ahmad A, Khaliq T, Habib-ur-
Rahman M, Niaz S, Gaiser T, Ghafoor I, 
Hassan HS, Qasim M, Hoogenboom G. 
Climate change impact uncertainty 
assessment and adaptations for 
sustainable maize production using multi-
crop and climate models. Environmental 
Science and Pollution Research. 2022, 
Mar 1;1-22. 

5. Yin X, Leng G. Modelling global impacts 
of climate variability and trend on maize 
yield during 1980–2010. International 
Journal of Climatology. 2021, Jan;41: 
E1583-96. 

6. Dhakhwa GB, Campbell CL, LeDuc SK, 
Cooter EJ. Maize growth: Assessing the 
effect of global warming and CO2 

fertilization with crop models. Agric. 
Forest Meterol. 1997;87:253-272. 

7. Leakey ADB, Ainsworth EA, Bernacchi 
CJ, Rogers A, Long SP, Ort DR. Elevated 
CO2 effects on plant carbon, nitrogen and 

water relations: six important                    
lessons from FACE. J. Exp. Bot. 
2009;60:2859-2876. 

8. Wolf J, van Diepen CA. Effects of climate 
change on grain maize yield potential in 
the European Community. Climate 
Change. 1995;29:299-331. 

9. Maytin CE, Acevedo MF, Jaimez R, 
Harwell MA, Robock A, Azkcar A. 
Potential effects of global climatic change 
on the phenology and yield of maize in 
Venezuela. Climate Change. 1995;29: 
189-211. 

10. Brown RA, Rosenberg NJ. Senstivity of 
crop yield and water use to change in a 
range of climatic factors and CO2 

concentrations: A simulation study 
applying EPIC to the central USA. Agric 
Forest Meterol. 1997;83:171-203. 

11. Porter JR. Rising temperatures are likely 
to reduce crop yields. Nature. 2005; 
436:174. 

12. Ashraf M, Haffez M. Thermotolerance of 
pearlmillet and maize at early growth 
stages: growth and nutrient relations. Biol. 
Plant. 2004;48:81-86. 

13. Wahid A, Gelani S, ashraf M, Foolad MR. 
Heat tolerance in plants: An overview. 
Environmental and Experimental Botany. 
2007;61:199-223 

14. Boote KJ, Jones JW, Pickering NB. 
Potential uses and limitations of crop 
models. Agron J. 1996;88:704-716. 

15. Jones JW, Hansen JW, Royce FS, 
Messina CD. Potential benefits of climate 
forecasting to agriculture. Agric. Ecsyst. 
Environ. 2000;82:168-184. 

16. Hammer GL, Kropff MJ, Sinclair TR, 
Porter JR. Future contributions of crop 
modeling from heuristics and                    
supporting decision making to understand 
genetic regulation and aiding crop 
improvement. Eur.J.Agron. 2002;18:15-
31. 

17. Tsuji GY, Hoogenboom G, Thornton PK. 
Understanding options for agricultural 
development. Kluwer Academic Publ., 
Dordrecht, The Netherlands; 1998. 

18. Horie T, Baskar JT, Nakagawa H. Crop 
ecosystem responses to climate change: 
Rice. In: Readdy KR, Hodges HF (Eds), 
Climate change and global crop 
productivity. CABI publishing, Wallingford 
Oxon. 2000;81-106.  

19. Karla Naveen, Chakraborty D, Sharma 
Anil, Rai HK, Jolly Monica, Chander 
Subhash, Ramesh Kumar P, Bhadraray 



 
 
 
 

Koushal et al.; J. Sci. Res. Rep., vol. 30, no. 9, pp. 84-91, 2024; Article no.JSRR.121527 
 
 

 
91 

 

S, Barman D, Mittal RB, Mohan Lal, 
Sehgal Mukesh. Effect of increasing 
temperature on yield of some winter crops 
in northwest India. Current Science. 
2008;94(1):82. 

20. McCarthy JJ, Canziani OF, Leary NA, 
Dokken DJ, White KS. (Eds). Climate 
change 2001: Impacts, Adaptation and 
Vulnerability. Contribution of Working 
Group II to Third Assessment Report of 
the Intergovernmental Panel on Climate 
Change. Cambridge University Press, 
Cambridge, UK. 2001;1032. 

21. Schlenker W, Roberts M. Estimating the 
impact of climate change on crop yields: 
The importance of non linear temperature 
effects. Working paper 13799, National 
Bureau of Economic Research, 
Cambridge, MA; 2008.  
Available:http://www.nber.org./papers/w13
799. 

22. Walther GR, Post E, Convey P, Menzel A, 
Parmeasan C, Beebee TJC, Fromentin 
JM, Hoegh-Guldberg O, Bairlein F. 
Ecological responses to recent climate 
change. Nature. 2002;416(6879):389-395. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_______________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/121527  

https://www.sdiarticle5.com/review-history/121527

