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INTRODUCTION

Unabated climate change resulting from the increasing
greenhouse gases and its dreaded impacts has turned out to
be the most concerned issue worldwide. Among the
greenhouse gases, CO, is considered to be one of the major
contributors to climate change as it can persist in the
atmosphere for a very long time. Growing at the current rate
of about 2.4 ppm per year, atmospheric CO, concentration
has increased from a pre-industrial concentration of 280 ppm
to about 412 ppm in 2019 (NOAA, 2019) and is projected to
reach 540-970 ppm by the end of the 21% century (IPCC,
2014). CO,, due to its high absorbance in several
wavelengths of earth’s Infrared radiation, has a direct
influence in increasing the earth’s surface temperature. The
Intergovernmental Panel on Climate Change (IPCC) has
estimated a global warming of 1°C above pre-industrial
levels and future projections indicate a rise of 1.5°C between
2030 and 2052, primarily due to anthropogenic activities.
Global mean surface temperature for the decade 2011-2020
was observed to be 1.09°C higher than the average over the
1850-1900 period (IPCC, 2021). Since climate is the key
determinant of a successful harvest, therefore, agricultural
sector becomes the most discernible area which is likely to
be affected by either direct or indirect impacts of the long
term fluctuations of weather variables, even if the
agricultural crops are supplemented by other inputs.

CO, particularly plays a pivotal role in crop growth,
development and yield while temperature determines the
timing and duration of different phenological phases
(Bahuguna and Jagadish, 2015). Increases in atmospheric
CO, concentration and associated further warming are likely
to severely affect the food grain production of tropical and
subtropical countries including India (Satapathy et al., 2015)
thereby threatening agricultural productivity and food
security in the near future.
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However, the impacts of climate change on
agricultural crops will vary with different crop
physiological mechanism, with C; crops
benefitting more than the crops with C,
mechanism. This is due to the fact that current
CO, concentration is insufficient to saturate
the CO, binding site of Ribulose 1, 5
biphosphate (RuBP) carboxylase/ oxygenase
(Rubisco) and elevated CO, would lead to
increase in carboxylation and competitive
inhibition of the oxygenase activity of the
enzyme thereby suppressing photorespiration
in the C; plants (Long et al., 2006). There is
rising evidence suggesting that elevated CO,
levels promote productivity of most of the C;
plants by 10-45%, mainly due to fertilization
effect and photosynthesis enhancement, and C,
plants by 5-10% due to water stress reduction
(Deryng et al., 2016). In contrast, elevated
temperature shortens crop growth duration by
increasing crop respiration and altering
photosynthate  partitioning to  economic
products and hence, negatively impacts crop
productivity (Ruchita & Rohit, 2017).

Impact of elevated CO, and temperature on
Rice-a brief overview

Rice, which is a C; plant, is the most important
cereal crop in the world with an annual
production of 0.6 billion tonnes during 2017
(FAO, 2018). India ranks 2" in rice production
after China, with an annual production of 165
million tonnes in 2016-17 from an area of
about 45 million ha (Puntia, 2017). Though
yield of rice is likely to increase due to
doubling of CO, under non-stressful
temperature conditions, however under the
present scenario of climate change, rice yield
is likely to be negatively impacted by rising
temperature as duration of each phenological
phase of rice is temperature dependent. Rice
crop requires an optimum temperature of 36°C
during vegetative stage, 33°C during
reproductive stage and 23-26°C during
maturity for maximum grain yield (Baker et
al., 1995). High temperature accelerates grain
filling rate but temperatures higher than 33°C
during anthesis may be lead to anther
dehiscense, poor germination of pollen grains
and thus induces spikelet sterility thereby
reducing grain yield (Kim and You, 2010).
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Increase in minimum (night) temperatures are
equally detrimental to rice production as it
affects the translocation of C and N, thereby
offsetting positive impacts of elevated CO, on
rice crop (Cheng et al., 2010).

Phenology of rice as affected by elevated
CO, and temperature

Rice crop accumulates biomass faster when
exposed to elevated CO, conditions,
particularly during vegetative and grain filling
stages (De Costa et al., 2003). Similarly,
elevated temperature induces early maturity in
rice. Thus, CO,-temperature enrichment
causes a significant reduction in the duration
of vegetative phase which ultimately leads to
shorter crop duration (Das et al., 2020).
Through an experiment conducted under
temperature control chamber in Tamil Nadu,
Rani and Maragatham (2013) demonstrated
that nearly 96 and 102 days were required by
kharif rice to attain maturity when the crop
was exposed to 4°C and 2°C higher
temperature than the ambient respectively for
the entire crop growth period. The crop took
about 108 days to mature when it was grown
under ambient temperature conditions. The
AGDD values were also found to be higher
under temperature elevation of 4°C (1641) and
2°C (1583).

Growth and yield of rice as affected by
elevated CO,and temperature

Rice responds positively to elevated CO,
conditions in terms of its height, tiller number,
leaf number, leaf area, stomatal conductance,
etc. However, elevated CO, when combined
with variations in temperature may show
contrasting results. Maity et al. (2019) studied
the growth and yield parameters of rice at
IARI, New Delhi inside the OTCs (Open Top
Chambers) and found that growth of the crop
was enhanced under an elevated CO, treatment
of 550+25ppm but it was reduced when the
crop was exposed to a temperature of 2°C
higher than the ambient. In a similar study
conducted under temperature gradient tunnels
(TGTs), Das et al. (2020) observed better
performance of kharif rice in terms of tiller
number, number of panicles per hill, 1000
grain weight, etc. when it was exposed to a
temperature of 2°C greater than the ambient
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and CO, concentration of 50% more than the
ambient, though number of filled grains per
panicle reduced on account of exposure of the
reproductive and maturity phases of the crop
to a comparatively higher temperature leading
to spikelet sterility.

Regional disparities in India to the impact
of elevated CO, and temperature on rice
Rice crop has a wide physiological
adaptability over various climate zones.
However, impact of climate change on yield of
rice is location-specific, due to the varying
temperature sensitivity of the crop in different
agroclimatic regions in India. In India, more
than 60% of the cropped area is under rainfed
agriculture and the impacts of climate change
are projected to be wider in case of rainfed
than that over irrigated conditions. Rice yields
in eastern and western India were found to be
less affected due to increase in temperature,
moderately affected in northern parts and
severely affected in southern parts of India as
stated by Aggarwal and Mall (2002). Within
eastern India, considerable variations were
reflected in yield predictions among different
locations with an increasing trend for rice
yield in Jorhat but declining trend in Cuttack
and Bhubaneshwar under elevated temperature
conditions at the current CO, level (Krishnan
et al., 2007). In contradiction to the above
findings, certain simulation studies projected
increase in rainfed rice yield in South Indian
states of Andhra Pradesh, Tamil Nadu and
Karnataka whereas, in most parts of central
and east India including Maharashtra, Orissa,
Chhattisgarh and Assam, rice yield is
projected to decrease by around 6-18% (Soora
et al.,, 2013) under different climate change
scenarios.

CONCLUSION
Rice being a tropical crop is adapted to high
temperature conditions. However, it has
become unequivocal from the findings that in
the event of climate change, as manifested by
increase in atmospheric CO, and temperature,
there would be a profound negative impact on
rice yield across the states. This increase in
temperature may be beneficial for rice
production in areas with comparatively low
temperature regime in the near future. To
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overcome the challenges of climate change,
some adaptation strategies already in practice
are adoption of climate resilient rice varieties,
efficient use of fertilizers and efficient water
management practices, etc. However, efforts
are needed to explore more opportunities to
ensure greater adaptability of rice under the
current scenario of climate change.
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