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Abstract: Cotton is one of the principal commercial fibercrop. India is highest in terms of agricultural land involved 
in cotton production but second highest in production. Decadal yield data reveals that its productivity is 243 kg/
ha lesser than the global average. Weather aberrations is one of the paramount reasons for the productivity loss. 
The present study aims at estimating the implications of increasing temperature and CO2 concentrations on cotton 
yield using a crop model DSSAT. Three different Bt-cotton varieties Pancham-541, RCH-791 and SP-7007 are 
considered for the study with three sowing dates 10th May, 21st May and 6th June. For Pancham-541 variety, 
rise in 1°C of temperature with 50 ppm CO2 is beneficial, but further rise is harmful. Whereas for RCH-791 and 
SP-7007, productivity decreases gradually with increasing temperature and CO2. Generally, yield decreases with 
increase in temperature (by 1°C), but no significant effect observed with increasing CO2 (50 ppm) cumulatively. 
The adverse effects of rising temperature is moderated due to increase of CO2 with the increase in photosynthesis 
when considered together. The leaf area index as well as evapotranspiration rate increase with increasing temperature 
and CO2 for all varieties in all sowing dates. Whereas, the harvest index and maturity dates decrease in general. 
Therefore, increasing temperature at the present rate will be harmful for the productivity of cotton with the changing 
climate. Although this effect is abated with simultaneously rising CO2 but yet the adversity due to global rise in 
temperature is partially mitigated.
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Introduction

The global crop productivity is under threat due to the 
climate change. It is one of the potent challenges in the 
21st century. Chemical composition of the atmosphere 
has been changing enormously with the beginning of 
industrial revolution due to anthropogenic activities. 
Burning of fossil fuel, vehicular emissions, and rapid 
deforestation resulted in an increase of atmospheric 

CO2 levels. The gradual increase in the concentrations 
of greenhouse gases hence leads to global temperature 
rise. Understanding its severity and its impact on various 
ecosystems, there are international climate treaties 
to control the global temperature. The Earth Summit 
and now Paris agreement addressing the problem of 
climate change, aim at keeping the global temperature 
rise below 2°C and further try to limit it within 1.5°C.

http://crossmark.crossref.org/dialog/?doi=10.3233%2FJCC190011&domain=pdf&date_stamp=2019-08-08


36	 A. Shikha et al.

Climate variability is one of the major factors, which 
influences the crop production even in high yielding 
and advanced technology regions (Kang et al., 2009). 
The impact of climate change on crop productivity 
has become a major area of scientific concern. Various 
studies are being conducted to assess the impact of 
climate change on crop productivity such as maize, 
wheat and rice (Howden et al., 1997; Hoogenboom, 
2000; Gbetibouo et al., 2005; Aggarwal et al., 2006a; 
Aggarwal et al., 2006b; Dhungana et al., 2006; Challinor 
et al., 2008), forests (Lexer et al., 2002), industry (Harle 
et al., 2007) and native landscape (Dockerty et al., 2005; 
Dockerty et al., 2006). Crop and climate models are 
widely used by the research community to study the 
crop productivity and soil water balance in the changing 
climate (Kang et al., 2009).

Response of plant towards the climatic factor such 
as temperature on yield varies amongst species based 
upon crop’s cardinal temperature requirements. The 
increasing global temperature will affect the plant 
physiology, growth cycle, and development along with 
yield (Kang et al., 2009). Crop yield is reported to be 
sensitive to both temperature and precipitation (Krause 
et al., 1997; Popova et al., 2005). The increase in 
the yield under future warming scenario is attributed 
to the elevated CO2 concentration due to enhanced 
photosynthesis which is termed as the ‘fertilisation 
effect’ that moderates the negative impacts of rising 
temperature as reported on rice yield in Kerala 
(Saseendran et al., 2000). It has also been found that 
with climate change, growing period will be reduced 
i.e. crop can mature earlier; therefore planting dates 
have to be advanced to improve the crop yield apart 
from introducing new resistant varieties (Cuculeanu 
et al., 2002). Temperature above the normal optimum 
levels are termed as ‘heat stress’. It interferes with the 
normal homeostasis, growth retardation and even causes 
apoptosis (Mathur et al., 2014). Studies conducted to 
characterize energy use of cotton showed that latent 
heat flux was the major energy utilizing process which 
determines yield variation (Singh et al., 2008). Bt cotton 
cultivars in the semi-arid region of Punjab showed 
negative correlation of seed yield with temperature in 
reproductive phase (Sahoo et al., 2000, Singh, 2008; 
Liyong et al., 2007). As sessile organism, plants are 
exposed to various abiotic and biotic factors, such as 
temperature, CO2 and precipitation which ultimately 
affect the yield.

Cotton is grown across 80 countries all over the 
world with an average productivity of 765 kg/ha. India 
ranks first in total area of land under cotton production 

with an average productivity of 522 kg/ha i.e. 23 
percent of the world average. Whereas China ranks 
first in average production of cotton with an average 
productivity of 1352 kg/ha (Status Paper of Indian 
Cotton report by Directorate of Cotton Development 
Government of India, Jan 2017). The reasons for this 
gap of 243 kg/ha in the productivity can be attributed 
as weather aberrations. This includes temperature 
extremes, inadequate or excess rain with uneven 
distribution, incidence of pest attack, especially sucking 
pest. Optimum temperature required for cotton growth 
and development of boll and its retention is around 
28 °C (Reddy et al., 1991) but can continue to better 
yield till temperatures up to 32 °C, which is a critical 
threshold temperature for its yield (Schlenker et al., 
2009). 

Increase in temperature above optimum i.e. the 
tolerable limit of the plant is found to negatively impact 
the yield of cotton due to increased boll abscission during 
flowering and smaller boll at maturity. Daily evaporative 
demand and crop water utilization are largely a function 
of the leaf area index and therefore yield of the crop. 
It is strongly influenced by the genetics and growing 
conditions (Reddy et al., 1997). Whereas increasing CO2 
above the present level will improve crop productivity 
due to improved carbon exchange rates (Reddy et al., 
2005). These findings are also documented in a report 
by National Cotton Council of America as Cotton 
Physiology Today (1999). CO2 which helps to boost 
photosynthesis and therefore production also could not 
ameliorate the adverse effects of high temperature on 
some phenological phases like reproductive growth, 
boll formation and maturity that affects the quality of 
fibre. It is reported that in future climates, the yield 
and quality of fibre will decrease if increasing CO2 is 
associated with increase in temperatures particularly in 
fields where present temperature are near to optimum 
for the crop (Reddy et al., 2005). Studies on the 
cotton crop of Stoneville region with future GCM 
projected data indicates, under rainfed conditions 
yield declined for all the RCP scenarios but under 
irrigated conditions yield declined only during extreme 
conditions. Yield partially increased with an increase 
in rainfall or supplementing the crop with water. As 
an adaptability measure, planting crop earlier also 
somewhat compensated for yield losses (Anapalliet 
al., 2016).

Models such as Decision Support System for 
Agrotechnology Transfer (DSSAT) uses detailed 
location-specific data for physiological crop information, 
climate data, soil characteristics data etc. (Islam et al., 
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2016). It generally assesses under plausible future 
climate change scenarios taking other factors such as 
management practice and crop variety constant (Islam 
et al., 2016). Latest DSSAT Version 4.6.1 (Jones et al., 
2003) is developed to simulate the growth and yield on 
31 crops. It is an assemblage of various crop models in 
Crop Environment Resource Synthesis such as CERES 
CROPGRO etc., where CROPGRO assesses fibre crop 
cotton (Thorp et al., 2014; Hoogenboom et al., 2015). 

Biophysical and socioeconomic factors are also 
studied with the combination of climate, crop, and 
economic models. It allows to estimate the difference in 
yields and other parameters with the changing climate. 
Historical data are utilized to analyze the climate of 
that location and field level experimental data are being 
used to calibrate and then validate the models for this 
structural framework. The set up can also be translated 
forward into looking at simulations for future scenarios. 
The Ministry of Agriculture uses these modelling 
assessments in their FASAL and GKMS projects to 
improvise and assess the package and practices for the 
crop management and the crop production forecast. 
This is to help researchers, farmers and policy-makers 
to make strategies adapting climate change. The present 
study is based upon impact climate change on cotton 
crop using a DSSAT crop model. Specifically, it aims 
at finding the implications of increasing temperature 
and CO2 individually and then combined to analyze the 
effect of climate change.

Climatic Condition of the Study Area

The study area considered for the present study is Hisar, 
Haryana, situated between 74°24′ to 76°18′E longitude 
and 28°54′ to 29°59′N latitude at an elevation of 215.2 
amsl. The district lies in alluvial plains of the Yamuna, 
which is a sub-basin of Ganga River. Soil texture is 
gradually changing from light sandy (bhur) to firm 
loamy (rausli), thus light and highly permeable. Semi-
arid climate of Hisar owes to its continental location 
and on the margin of south-west monsoon. It can be 
further classified as tropical steppe type of climate 
(Singh et al., 2014). Annual temperature ranges from 
3.5 to 48°C, which specifies that it has hot dry summer 
and chilling cold winter. Most of its precipitation (77%) 
occurs through the south-west monsoon during JJAS. 
Else from October to April weather remains dry, except 
with the wake of western disturbances. Occasional 
hailstorms also occur from February to April. Fog 
occurs during December and January. This region 
sometimes experiences thunderstorms during summer 
and post-monsoon (Singh et al., 2014). 

Cotton is a kharif crop sown in the month of May-
June and harvested in Sep-Oct. The climatological 
analysis of temperature (1970 – 2008) over the study 
region illustrates that mean monthly daily range of 
temperature during the sowing period of cotton are 
31.5°C (May) and 26.0°C (June). Maximum and 
minimum temperatures during the cropping period are 
40.2°C and 22.8°C, 39.8°C and 26.0°C, 36.2°C and 
26.3°C, 34.8°C and 25.4°C, 34.8°C and 25.4°C, and 
34.8°C and 22.6°C, 33.5°C and 16.1°C in the months 
of May, June, July, August, September and October, 
respectively. Similarly, the cumulative rainfall during 
May, June, July, August, September, and October 
are 30.5, 56.1, 128.0, 109.1, 59.4 and 10.1 (mm) 
respectively. The bright sun shine hours during May, 
June, July, August, September, and October are 8.4, 
6.7, 6.1, 7.1, 8.5 and 8.8 (hrs) respectively (Singh et 
al., 2014).

Methodology

Method for Raising Crop
For the present investigation on “impact of increasing 
temperature and CO2 on the cotton crop” agronomic 
practices were carried out in experimental field 
of Chaudhary Charan Singh Haryana Agricultural 
University (CCSHAU), Haryana during the year 
2013-14. Certified and delinted Bt-Cotton seeds for 
recommended varieties of Pancham-541, RCH-791 
and SP-7007 were sown during the Kharif season. 
Sowing was done by hand ploughing method, by 
keeping a distance of 60 cm between the rows. All the 
management and agronomic practices were followed 
as per the recommended package of practices by the 
Haryana Agricultural University for growing the crop 
under irrigated conditions. The size and design of the 
experimental plot was 5.4 m × 5.0 m and split plot 
respectively. 

Model Description
Crop models are used to imitate or simulate the 
behaviour of real crop grown on the field. DSSAT-CSM 
Version 4.6.1 model has been employed for the present 
study. Decision Support System for Agrotechnology 
Transfer-Cropping System Model (DSSAT-CSM) 
suite includes the CROPGRO-cotton model for the 
simulation cropping systems based on cotton crop 
(Jones et al., 2003; Boote et al., 1998a). This model is 
utilized globally for about 40 crops (Jones et al., 2003): 
The DSSAT-CSM is a crop simulating model which 
contains the following components (Jones et al., 2003):
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	 •	 Weather module: To read and generate daily 
weather data using WGEN or SIMMETEO.

	 •	 Soil module: Designed to read the soil properties 
as an input for the experiment.

	 •	 Soil/plant/atmosphere module: To compute daily 
soil evaporation, transpiration and finally compute 
ET based on Penman-FAO method (Doorenbos and 
Pruitt, 1977), LAI etc.

	 •	 Template crop module (CROPGRO): To predict 
growth of different crop such as cotton, soybean, 
chickpea etc. from a common source code (Boote 
et al., 1998a).

	 •	 Individual crop module interface (plant module): 
Similar to CROPGRO, it links plants growth 
dynamics with other DSSAT-CSM modules. 

	 •	 Management module: Includes input variables 
such as planting, applying nutrients, irrigating etc. 
specified as standard ‘experiment’ in input file (Hunt 
et al., 2001). It is then analysed with different years 
to see the impact of changing crop for different 
weather/year. 

	 •	 Pest module: As an input in field observations to 
analyse insect populations or disease severity for 
specified pest and diseases infesting development 
and yield of the crop.

In this experiment, the seasonal management 
practices and soil modules are kept the same for the 
entire simulation, while the changes in the weather 
module is considered during the period of entire model 
integration.

Data for the Analysis
Daily agrometeorological observations are taken from 
the Agrometeorological Observatory under India 
Meteorological Department (IMD) situated about 0.5 
km away from the experimental plot. Weather data 
utilized for this study includes daily maximum and 
minimum temperature, bright sunshine hours and 
rainfall. Three sowing (planting) dates are considered 
in the study, such as 10th May, 21st May, and 6th June 
which are widely practiced. The genetic coefficient of 
the cotton crop is employed in the model, which has 
been adopted from Swami et al. (2016). The model has 
been calibrated and validated for these cultivars with 
the actual production for simulating cotton production 
under Hisar region (Shikha et al., 2018). 

Experimental Design
The climatology of thirty-five years daily weather data 
from IMD has been taken for Hisar station starting from 
1981 to 2015. Seasonal simulation has been carried out 

for that duration to assess the climatological impact 
of 35 years of data. The final output for yield, LAI, 
ET, MD are all 35 years mean for this duration. The 
experiment has been replicated thrice for minimizing 
errors. To examine the impact of increasing temperature 
under changing climate, four different simulations are 
carried out taking normal climatology, further by adding 
1ºC, 2ºC and 3ºC to the climatological temperature 
value in the simulations. Similarly, another set of four 
simulations are made by increasing the CO2 by 50 
ppm, 100 ppm and 150 ppm respectively to estimate 
the impact of increasing CO2 on yield. Further, four 
new simulations are designed by changing the CO2 
concentration and temperature together in order to 
examine impacts on the productivity. It is important 
to mention that the increment of temperature and CO2 
are done on the climatological data of the 35 years in 
the model to observe changes w.r.t. the present mean 
behaviour. Observed climatology has been taken as 
normal in the study, depicted as N. The climate change 
simulations for temperature are denoted as N+1 °C, 
N+2 °C and N+3 °C. The experiments with change 
in CO2 concentration are represented as N for normal 
CO2, N+50 ppm, N+100 ppm and N+150 ppm. Model 
simulates various phenological and physiological 
parameters such as anthesis date, harvest index, dry 
matter, maturity date etc. (Jones et al., 2011). From 
these simulated output, four different physiological 
parameters are examined to assess the impact of the 
possible climate change. These parameters considered 
for this study are: 
	1.	 Evapotranspiration (ET; mm) (It is the sum of crop 

transpiration and transpiration from crop adjacent 
soil and water surface) (Shih et al., 1993)

	2.	 Leaf Area Index (LAI; Maximum) (It is generally 
defined as leaf area of one side per unit ground area 
for broadleaf canopies) (Myneni et al., 1997).

	3.	 Maturity date (MD) (Days of physiological maturity 
of the crop from the planting date) (Corbeels et al., 
2016)

	4.	 Harvest index (HI) (Harvest index is defined as ratio 
of the reproductive yield with respect to total plant 
biomass) (Gur et al., 2010)

Results and Discussion

This section deals with the sensitivity in the yield and 
four different physiogical characters (ET, LAI, MD and 
HI) of the three different cotton varieties in response 
towards the change in temperature, CO2 concentration 
and combined at three different sowing dates.
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Sensitivity of Yield Towards Change in 
Temperature
The model simulation shows that Pancham-541 sown 
on 6th June is most sensitive to changes in temperature 
(Figure 1a), as the decrease in yield is maximum for  
3 °C rise in temperature. However, it has a high optimum 
range of temperature for tolerance, which is evident 
from the rise in yield with a temperature rise of 1°C. 
Further rise in temperature reduces the crop yield for 
all sowing dates. Interestingly, the decline in production 
is more for the crop sown in June as compared to the 
one sown during May. The varieties like Pancham-541 
and RCH-791 also show a gradual reduction in yield 
with temperature rise (Figure 1b). RCH-791 also shows 
higher sensitivity (decreasing yield) towards increasing 
temperature for crop sown on 6th June as compared to 
the other sowing dates considered in the study. This 
indicates that the present day temperature is the critical 
temperature for the crop and it could not withstand any 
further increase in temperature. This is the reason for 
decrease in crop yield beyond the present climatological 
temperature value. The sensitivity of SP-7007 towards 
the rise in temperature is least as compared to the other 
two varieties (Figure 1c). Interestingly, the decrease 
in crop yield is least for N+3 °C for the crop sown 
on 6th June than the earlier sowing dates. Therefore, 
the results indicate that the early sowing (during May) 
relatively reduces the impact of rising temperature as 
compared to the varieties sown late (during June) in 
the agricultural practices. Higher the temperature rise, 
more is the severity and its impact on the crop yield.

The earlier studies indicate that the temperature 
significantly affected the crop phenology, leaf 
expansion, biomass production, internode elongation, 
and distribution of the assimilates to the different parts 
of the plant (Reddy et al., 1991; Reddy et al., 1996; 
Reddy et al., 1999). Similar decline in yield with rise 
of temperature is reported (Jalotaa et al., 2009). They 
examined yield of Bt-cotton under semi-arid conditions 
and illustrated that the cotton seed yield declines 
from 4700 kg/ha to 2300 kg/ha with an increase in 
temperature from 28 °C to 32 °C and the reduction is 
high during sowing to flowering stage (Jalotaa et al., 
2009). Similarly, the findings from this study show 
that the simulated yield for Pancham-541 sown on 
10th May compared to normal climate has reduced to 
2737.54 kg/ha from 2598.31 kg/ha. The negative impact 
associated with rising temperature could be potentially 
due to reduction in vegetative growth period, increased 
fruit shedding due to enhanced temperature stress and 
loss of reproductive capacity because of reduced boll 

filling (Luo et al., 2014). Similar studies based on 
field experiments showed strong positive correlation of 
temperature with cotton seed, cotton lint, boll opening 
and negative correlation with leaf area index (Tripathi, 
2005; Pouresia and Nabipour, 2007; Singh et al., 2008). 

Maximum temperature, minimum temperature 
and vapour pressure deficit showed a strong positive 
correlation with cotton seed, cotton lint and bolls per 
plant during boll opening stage, whereas morning and 
evening relative humidity showed negative correlation 
with seed cotton, cotton seed, cotton lint and bolls per 
plant during vegetative, flowering and boll opening 
stages. A negative correlation was observed between 
air temperature, sunshine hours and leaf area index 
during seed development phase (Tripathi, 2005; 
Pouresia and Nabipour, 2007). Negative correlations 
between temperatures during two later phenophases 
and seed yield were due to higher temperatures during 

Figure 1: Temperature sensitivity of cotton cultivars for 
three different sowing dates 10th May, 21st May and 6th 
June for (a) Pancham-541, (b) RCH-791 and (c) SP-7007.
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Figure 2: Same as Figure 1, but for carbon dioxide.

reproductive phase. Such results were also reported by 
various researchers (Sahoo et al., 2000; Singh, 2005; 
Pouresia and Nabipour, 2007; Liyong et al., 2007).

Sensitivity of Yield Towards Change in CO2
It is interesting here to observe that Pancham-541 sown 
in May is positively impacted by an increase in CO2 
concentration in the atmosphere, while the opposite is 
found for cases with sowing date during June (Figure 
2a). Surprisingly, the RCH-791 variety shows exactly 
opposite behaviour as compared to Pancham-541 
(Figure 2b), where the increasing CO2 has declined the 
yield except for variety sown in June. The sensitivity of 
SP-7007 is reported to be least as compared to other two 
varieties considered in the study (Figure 2c). However, 
the yield increase (decrease) for the variety shown in 
June (May) with increase in CO2 concentration. The 
present analysis found that Pancham-541 (SP-7007) 
variety is most (least) sensitive to increase in CO2. 
However, for RCH-791 and SP-7007 varieties, the 

increase in CO2 has negatively impacted to crop sown 
in May than the variety sown in June. 

In cotton an increase in boll size is also evident due to 
elevated CO2 (Ruiz-Vera et al., 2018). Sowing dates also 
play greater role for the plan to increase productivity; 
the improvement in cotton yield for early-sown crop is 
around 10% higher in comparison to late sown crop. 
This may be due to the lower cutout/abortion rate of the 
fruit that results in holding greater number of bolls for 
the plant (Pettigrew et al., 2002). Further, the positive 
influence on the crop due to sowing dates can also be 
attributed to early emergence and therefore increase in 
reproductive period which results in earlier onset of 
first square and delayed last square (Bange et al., 2004).

Sensitivity of Yield Towards Change in Combined 
Temperature and CO2
As discussed earlier, the Pancham-541 has a high 
optimum range of temperature tolerance with respect 
to present temperature climatology, which is reflected 
from the rise in yield with 1 °C rise but subsequently 
yield decreases with temperature rise of 2 °C and 3 °C. 
Similar finding are also observed from the combined 
rise of temperature and CO2 (Figure 3a). The pattern 
is very close to the change in temperature but with 
a moderated effect. Similar declining yield is also 
observed for RCH-791 variety (Figure 3b). For SP-7007 
variety, the crop sown during May shows a positive 
effect in terms of yield with an increase in 50 ppm and 
1 °C rise in temperature, which further decreases with 
increase in the concentration of both (Figure 3c). The 
yield decreases with increasing temperature, which is 
partially but not totally moderated by increasing CO2. 
The crop still imitates the same behaviour as increasing 
temperature but with lesser intensity. This moderation 
can be because of increasing CO2 concentrations called 
the fertilization effect and reported in other crops 
as well (Saseendran et al., 2000). In general, rise in 
temperature and CO2 negatively impacted the yield for 
all the planting dates.

Similar studies conducted for cotton crop, based 
upon field trials, showed that the vegetative growth is 
increased by increasing temperature and CO2 together 
(Reddy et al., 2005). This could be because of the 
pretext that vegetative growth may require lesser time to 
support more fruit loads (Jalotaa et al., 2009). Therefore, 
reduced vegetative growth ‘cutout’ may occur forthwith 
and consequently reduce potential of crop yield 
(Lawlor et al., 2014; Pettigrew et al., 2002). Further 
curtailment in time for ‘cutout’ can advance maturity, 
therefore decrease the yield (Bange et al., 2004b). It 
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Leaf Area Index (maximum) (LAI), Harvest Index (HI) 
and Maturity Date (MD) are analyzed. As discussed 
earlier, ET has positive correlation with LAI and HI 
with MD; they are plotted together (Ruiz‐Vera et al., 
2018; Reddy et al., 2005; Anapalli et al., 2016; Reddy 
et al., 2005).

A gradual increase in ET and LAI with increase in 
temperature is observed for Pancham-541 (Figure 4a) 
but interestingly, no significant change is observed 
under experiments with gradual increase of CO2 (Figure 
4b). However, the ET and LAI both increase gradually 
with the rise of both temperature and CO2 from 1 °C 
and 50 ppm cumulatively to further higher values 
(Figure 4c). The simulation shows higher ET and LAI 
for the crop sown during June than that sown in May, 
with an increase in 1 °C temperature and 50 ppm CO2 
concentrations cumulatively. For Pancham-541, the 
HI is higher for 1 °C rise as compared to the present 
climatology for all sowing dates (Figure 4d). The MD 
decreases slightly with increase in temperature and 
highest for the crop sown during June (Figure 4a). 
It also decreases slightly for combined increase of 
temperature and CO2 concentrations. Similar studies 
indicate that low temperatures and prolonged growing 
period are advantageous for cotton productivity (Reddy 
et al., 1999).

It is observed that the HI is approximately same 
for all the sowing dates for Pancham-541 variety 
for present temperature climatology and N+1 °C. 
However, it decreases with further rise of temperature. 
Interestingly, the sowing dates also play a major role 
is deciding the productivity. For example, June (May) 
shows higher productivity for temperature rise of 2 °C 
(3 °C). Moreover, the HI as well as MD do not show 
any significant change for 50 ppm increase in CO2 
w.r.t. the climatological value. HI decreases faintly with 
further rise in CO2 concentration mostly for crop sown 
in June (Figure 4e). The crop under combined rise of 
temperature and CO2 concentrations mimics similar 
behaviour as with rising temperature but with less 
intensity for N+2 °C and N+3 °C along with 100 ppm 
and 150 ppm CO2 concentrations (Figure 4f). However, 
for 2 °C (3 °C) temperature rise with 100 ppm (150 
ppm) CO2, June (May) is showing better yield. 

For the cultivar RCH-791, ET and LAI show similar 
response as Pancham-541. The increasing temperature 
leads to gradual increase in both ET and LAI (Figure 
5a). But with increasing CO2 concentrations, there is no 
significant impact observed upon them (Figure 5b). The 
fertilization effect dominates under combined increase 
of temperature and CO2 leading to lesser impact (Figure 

Figure 3: Same as Figure 1, but for temperature and 
carbon dioxide combined.

is also reported that higher vegetative growth is good 
to support yield of transgenic cotton with additional 
and early fruiting bodies (Constable et al., 2006). 
The effect of elevated CO2 masked the apparent high 
temperature injury that limited the growth of all plant 
organs, especially reproductive system (Reddy et al., 
1991; Reddy et al., 1996; Reddy et al., 1999). Studies 
also indicate that bolling periods will be shorter under 
warming climate (Reddy et al., 1999; Luo et al., 2014). 
Therefore, the fibre quality is compromised and boll 
size are reduced despite potentially increased fruiting 
periods and more fruit. This reduction in yield may be 
due to cutout in vegetative phase or reduction in boll 
size in reproductive phase (Lawlor et al., 1991).

Sensitivity of Yield Towards Phenological 
Characters 
In this section, the mean of the four major phenological 
parameters for the crop such as Evapotranspiration (ET), 
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Figure 4: Cotton variety Pancham-541, physiological parameters taken combined for three sowing dates 10th May, 21st 
May and 06th June: (a) Evapotranspiration and Leaf Area Index (Maximum) with increasing temperature, (b) Same 
as (a), but for increasing CO2, (c) Same as (a) but for temperature and CO2, (d) Harvest Index and Maturity date with 
increasing temperature, (e) Same as (d), but for increasing CO2 and (f) Same as (d), but for temperature and CO2.

Abbreviations used in Figure 4
TNP1 Evaluating temperature sensitivity with respect to (w.r.t) normal climate for Pancham-541 with sowing date(SD) 10th May
TNP2 Evaluating temperature sensitivity w.r.t normal climate for Pancham-541 with SD 21st May
TNP3 Evaluating temperature sensitivity w.r.t. normal climate for Pancham-541 with SD 06th June
TN1P1 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 10th May
TN1P2 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 21st May
TN1P3 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 06th June
TN2P1 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 10th May
TN2P2 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 21st May
TN2P3 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 06th June
TN3P1 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 10th May
TN3P2 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 21st May
TN3P3 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for Pancham-541 with SD 06th June
CNP1 Evaluating CO2 sensitivity w.r.t. normal climate for Pancham-541 with SD 10th May
CNP2 Evaluating CO2 sensitivity w.r.t normal climate for Pancham-541 with SD 21st May
CNP3 Evaluating CO2 sensitivity w.r.t. normal climate for Pancham-541 with SD 06th June
CN1P1 Evaluating CO2 sensitivity for 50  ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 10th May
CN1P2 Evaluating CO2 sensitivity for 50  ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 21st May
CN1P3 Evaluating CO2 sensitivity for 50 ppm increase in CO2w.r.t. normal climate for Pancham-541 with SD 06th June
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5c). However, the HI and MD slightly increase with  
1 °C rise of temperature for crops sown in May; which 
further reduces under N+2 °C and N+3 °C. The crop 
sown in June shows gradual reduction in its yield with 
gradual temperature rise from 1 °C to 3 °C (Figure 5d). 
HI and MD are almost insensitive (show no change) 
towards 50 ppm increase of the CO2 concentrations; 
but there is a slight reduction in HI with further rise of 
CO2 w.r.t climatological value for the crop sown in May 
(Figure 5e). Again, the fertilization effect dominates for 
increasing CO2 together with temperature rise leading 
to a small change in the mean values (Figure 5f). The 
change of temperature, CO2 and combined has a little 
effect on MD which reduces by 1-2 days; while the 
change is maximum for the crop sown during June 
(Figure 5d-e-f). HI (0.37 to 0.34) and MD (1-2 days) are 
also least affected by these changes for this particular 
variety. This cultivar is found to be least affected and 
better performing in terms of yield with the changing 
climate. Similar studies indicated that early sowing 
increases the MD up to 1–2 days while late sown crop 
reduces it by 0–3 days, which is comparable with the 
present finding (Luo et al., 2014).

The ET and LAI means, for the cultivar SP-7007, 
are gradually increasing with the cumulative increase 

in temperature by 1 °C (Figure 6a). For all experiments, 
the crop sown on 6th June has the highest ET and LAI 
mean values among all the sowing dates. Like other 
two varieties, the increasing CO2 does not bring any 
significant change in the ET and LAI means (Figure 
6b). Partial moderation in the increase in ET and LAI is 
observed for combined increase in temperature and CO2 
concentration (Figure 6c). The HI is almost insensitive 
to almost 1 °C temperature rise and further decline 
slightly under N+2 °C and the lowest is observed for 
late sown crop of 6th June (Figure 6d). This indicates 
that this crop sown in May (early) provides better 
performance than sown in June (late) under future 
warming climate. Under 3 °C rise in temperature, the 
yield has significantly reduced for the crops sown in 
May while the production is relatively higher for late 
sown crop on 6th June. Similar pattern is also observed 
for increase in CO2 concentration (Figure 6e). But the 
maturity date is not much impacted with increasing 
temperature and CO2 and both combined (Figure 
6d-e-f). The HI mean slightly decreases with increase in 
CO2 with lowest values for the crop sown on 6th June. 
Again, the increase in temperature and CO2 combined 
mimic the similar behaviour as with rise in temperature 
but the effect has been partially moderated (Figure 6f).

CN2P1 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 10th May
CN2P2 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 21st May
CN2P3 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 06th June
CN3P1 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 10th May
CN3P2 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 21st May
CN3P3 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for Pancham-541 with SD 06th June
TCNP1 Evaluating temperature and CO2 sensitivity w.r.t. normal climate for Pancham-541 with SD 10th May
TCNP2 Evaluating temperature and CO2 sensitivity w.r.t normal climate for Pancham-541 with SD 21st May
TCNP3 Evaluating temperature and CO2 sensitivity w.r.t. normal climate for Pancham-541 with SD 06th June
TCN1P1 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for Pancham-541 with SD 10th May
TCN1P2 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for Pancham-541 with SD 21st May
TCN1P3 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for Pancham-541 with SD 06th June
TCN2P1 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for Pancham-541 with SD 

10th May
TCN2P2 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for Pancham-541 with SD 

21st May
TCN2P3 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for Pancham-541 with SD 

06th June
TCN3P1 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for Pancham-541 with SD 

10th May
TCN3P2 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for Pancham-541 with SD 

21st May
TCN3P3 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for Pancham-541 with SD 

06th June
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Figure 5: Same as Figure 4 but for cotton variety RCH-791.

Abbreviations used in Figure 5
TNR1 Evaluating temperature sensitivity with respect to (w.r.t) normal climate for RCH-791 with sowing date (SD) 10th May
TNR2 Evaluating temperature sensitivity w.r.t normal climate for RCH-791 with SD 21st May
TNR3 Evaluating temperature sensitivity w.r.t. normal climate for RCH-791 with SD 06th June
TN1R1 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 10th May
TN1R2 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 21st May
TN1R3 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 06th June
TN2R1 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 10th May
TN2R2 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 21st May
TN2R3 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 06th June
TN3R1 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 10th May
TN3R2 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 21st May
TN3R3 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for RCH-791 with SD 06th June
TNR1 Evaluating CO2 sensitivity w.r.t. normal climate for RCH-791 with SD 10th May
TNR2 Evaluating CO2 sensitivity w.r.t normal climate for RCH-791 with SD 21st May
TNR3 Evaluating CO2 sensitivity w.r.t. normal climate for RCH-791 with SD 06th June
CN1R1 Evaluating CO2 sensitivity for 50 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 10th May
CN1R2 Evaluating CO2 sensitivity for 50 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 21st May
CN1R3 Evaluating CO2 sensitivity for 50 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 06th June
CN2R1 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 10th May
CN2R2 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 21st May
CN2R3 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 06th June
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It is observed from the present analysis that the 
increasing temperature has more impact on the ET and 
LAI as compared to the increasing CO2 in general. 
Pancham-541 variety is found to be most tolerant 
towards increasing temperature till 1 °C temperature 
rise. The mean values are higher for ET and LAI for 
varieties sown late (6th June) for all the conditions. 
Combining the effect of temperature and CO2, the higher 
impact of the increasing temperature is moderated by 
increasing CO2 for all the cultivar with all sowing 
dates in the experiment. The cotton being a C3 plant 
is impacted by an increase in CO2, which influences 
the photosynthesis, yield and dry matter production 
substantially (Lawlor et al., 1991). In some crops such 
as maize, vegetative and reproductive growth can be 
accelerated by rising temperature whereas increasing 
CO2 concentrations has no apparent effect (Ruiz-Vera et 
al., 2018). Further, another study advocates an increase 
in productivity with doubling CO2 concentration which 
is related to the higher leaf area (Reddy et al., 2005).
With increased incidences of heat stress, there is a rapid 
crop development and maturity if the management 
strategies are not adjusted (Luo et al., 2014). 

In general, higher Maturity Date (MD) are observed 
in crop sown on 6th June. This signifies that the crop 
sown late takes more time to mature. As observed, 
crops sown in May are performing better under 
warming climate, which is also supported by earlier 
studies. Therefore, early planting is one good remedy to 
maintain a good yield for the future climate (Anapalli 
et al., 2016; Reddy et al., 2005). With increase of 
temperature, CO2 and both, the harvested yield and 
maturity period decreases. ET and LAI are found 

directly (indirectly) proportional to HI (MD) for all three 
varieties considered for the study. Crop sown during 
May seems to be better performing in terms of HI with 
increasing temperature and CO2 for Pancham-541 and 
RCH-791. But, the SP-7007 variety has least HI for the 
crop sown during June. The positive impacts of early 
sowing in productivity and development are related to 
early emergence and increase in reproductive period 
which results into earlier First Square and delayed 
last Effective Square (Anapalli et al., 2016; Reddy 
et al., 2005). Some degree of loss of fruiting bodies 
(decrease in yield) due to rise of temperature can be 
compensated by greater resources like irrigation and 
nutrition (Constable et al., 2006).

Conclusions

Climate change has been a daunting challenge in 
the present era. This poses a serious question on the 
sustainability of the mother earth and the viability of 
food thus posing risks to future generations. Along with 
experimental field studies, crop and climate are also 
widely used for research purposes to study the crop 
productivity and soil water balance with the changing 
climate. Modelling studies nowadays are essential for 
the effect of elevated CO2, increasing temperature, 
both together water balance and nutrition with the crop 
simulation models as they give good overview about 
the crop development which is further designed for the 
tests and the predictions (Schlenker et al., 2009). It 
helps in assimilating field experiment based knowledge 
for computation. It benefits scientific communities 
for interdisciplinary research to solve problems at 

CN3R1 Evaluating CO2 sensitivity for 150 ppm increase in CO2w.r.t. normal climate for RCH-791 with SD 10th May
CN3R2 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 21st May
CN3R3 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for RCH-791 with SD 06th June
TCNR1 Evaluating temperature and CO2 sensitivity w.r.t. normal climate for RCH-791 with SD 10th May
TCNR2 Evaluating temperature and CO2 sensitivity w.r.t normal climate for RCH-791 with SD 21st May
TCNR3 Evaluating temperature and CO2 sensitivity w.r.t. normal climate for RCH-791 with SD 06th June
TCN1R1 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for RCH-791 with SD 10th May
TCN1R2 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for RCH-791 with SD 21st May
TCN1R3 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for RCH-791 with SD 06th June
TCN2R1 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for RCH-791 with SD 10th May
TCN2R2 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for RCH-791 with SD 21st May
TCN2R3 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for RCH-791 with SD 06th June
TCN3R1 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for RCH-791 with SD 10th May
TCN3R2 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for RCH-791 with SD 21st May
TCN3R3 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for RCH-791 with SD 06th June
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Figure 6: Same as Figure 4 but for cotton variety SP-7007.

Abbreviations used in Figure 6
TNS1 Evaluating temperature sensitivity with respect to (w.r.t) normal climate for SP-7007 with sowing date (SD) 10th May
TNS2 Evaluating temperature sensitivity w.r.t normal climate for SP-7007 with SD 21st May
TNS3 Evaluating temperature sensitivity w.r.t. normal climate for SP-7007 with SD 06th June
TN1S1 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 10th May
TN1S2 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 21st May
TN1S3 Evaluating temperature sensitivity for 1 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 06th June
TN2S1 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 10th May
TN2S2 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 21st May
TN2S3 Evaluating temperature sensitivity for 2 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 06th June
TN3S1 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 10th May
TN3S2 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 21st May
TN3S3 Evaluating temperature sensitivity for 3 °C increase in Temperature w.r.t. to normal climate for SP-7007 with SD 06th June
TNS1 Evaluating CO2 sensitivity w.r.t. normal climate for SP-7007 with SD 10th May
TNS2 Evaluating CO2 sensitivity w.r.t normal climate for SP-7007 with SD 21st May
TNS3 Evaluating CO2 sensitivity w.r.t. normal climate for SP-7007 with SD 06th June
CN1S1 Evaluating CO2 sensitivity for 50 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 10th May
CN1S2 Evaluating CO2 sensitivity for 50 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 21st May
CN1S3 Evaluating CO2 sensitivity for 50 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 06th June
CN2S1 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 10th May
CN2S2 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 21st May
CN2S3 Evaluating CO2 sensitivity for 100 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 06th June



	 Response of Bt-cotton Towards Elevated Temperature and Carbon Dioxide 	 47

CN3S1 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 10th May
CN3S2 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 21st May
CN3S3 Evaluating CO2 sensitivity for 150 ppm increase in CO2 w.r.t. normal climate for SP-7007 with SD 06th June
TCNS1 Evaluating temperature and CO2 sensitivity w.r.t. normal climate for SP-7007 with SD 10th May
TCNS2 Evaluating temperature and CO2 sensitivity w.r.t normal climate for SP-7007 with SD 21st May
TCNS3 Evaluating temperature and CO2 sensitivity w.r.t. normal climate for SP-7007 with SD 06th June
TCN1S1 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for SP-7007 with SD 10th May
TCN1S2 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for SP-7007 with SD 21st May
TCN1S3 Evaluating temperature and CO2 sensitivity for 1 °C+50 ppm increase w.r.t. normal climate for SP-7007 with SD 06th June
TCN2S1 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for SP-7007 with SD 10th May
TCN2S2 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for SP-7007 with SD 21st May
TCN2S3 Evaluating temperature and CO2 sensitivity for 2 °C+100 ppm increase w.r.t. normal climate for SP-7007 with SD 06th June
TCN3S1 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for SP-7007 with SD 10th May
TCN3S2 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for SP-7007 with SD 21st May
TCN3S3 Evaluating temperature and CO2 sensitivity for 3 °C+150 ppm increase w.r.t. normal climate for SP-7007 with SD 06th June

the farm level. It gives us cost-benefit approach for 
experimentation of different management strategies 
(Jones el al., 2003; Hoogenboom et al., 2015). But still 
they have some limitations as with the DSSAT model; it 
cannot accurately project natural processes. It is limited 
only to quantify the input data and could not properly 
assess the nutrient like potassium and biotic stress such 
as pest (Jones et al., 2003).

Each species has its specific tolerance limit for 
cardinal temperatures represented as maximum, 
minimum and optimum. Therefore, plant being a sessile 
organism is dependent on the surrounding environment. 
Thus, under climate changes, it is evident to see its 
effects upon the productivity, yield and growth cycle. 
Although the responses of cotton being an indeterminate 
C3 plant are complex, but several generalizations are 
evident from this study. The modelling output suggests 
that increasing temperature and CO2 have a major 
role to play in the cotton productivity. Increase in 
temperature negatively impacted the crop productivity 
in general, but this effect was moderated by increasing 
CO2. For Pancham-541 increasing 1 °C of temperature 
and 50 ppm CO2 was beneficial but further 2 °C and 3 
°C is harmful, which was not the case with RCH and SP 
varieties. For SP-7007, increase in temperature without 
an increase in CO2 is harmful but when increasing  
1 °C combined with 50 ppm and 2 °C with 100 ppm 
are beneficial but further 3 °C with 150 ppm are 
harmful. The ET rate and LAI have been increasing 
with increasing temperature and CO2 for all the varieties 
for all the sowing dates. Whereas, Harvest Index and 
maturity period were decreasing in general for all 
temperatures above optimum. This reduces the number 

of retained bolls, boll-cellulose filling during maturation 
period and its rate of filling thus affecting the size of 
the boll under ambient and elevated CO2. Elevated 
CO2 helps to increase the total biomass chiefly due to 
increased photosynthesis simulated and increased boll 
weights because of increased branching, leaf area and 
increased fruiting sites every branch. It is observed 
from the study that with 1 °C rise in temperature and 
corresponding CO2, the yield of Pancham-541 and SP-
7007 has increased, when sown in May. Therefore, early 
planting of these two crop varieties can be recommended 
in near future. Further SP-7007 variety is found to be 
least sensitive to the increase in temperature by 2 °C. 
Thus, it is concluded that the increasing temperature at 
the present rate will be harmful for the productivity of 
cotton under changing climate, particularly over a semi-
arid region like Hisar for all three varieties. Therefore, 
productivity of cotton will reduce in future where the 
temperature is near optimum for the existing variety. 
The present study suggests necessary management 
practices such as using heat tolerant cultivars and 
changing the sowing time (early) will be needed in 
future to overcome the climatic constraints.

These modelling studies can also be applied to 
analyse the influence of weather on crop performance. 
The model takes care of the interaction of crop in a 
complex way for soil and management interactions 
to assess its vulnerability and adaptability. Thus, the 
study helps in understanding the uncertainty in crop 
production with the changing climate and associated 
economic risks. Presently, attempts are made by the 
government for providing farmers with management 
strategies through extension services using the crop 
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models. Further our objective is to integrate the study 
with future climate data from the climate models to 
analyse the impact and its mitigation measures, which 
will be a move towards sustainable agriculture by the 
means of Climate-Smart-Agriculture (CSA).
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