
Elevated Carbon Dioxide (CO2) and Temperature Interaction Effect
on Growth of Rice Crop

PARTHA PRATIM MAITY1, B. CHAKRABARTI1*, A. BHATIA1, S.N. KUMAR1, T.J.
PURAKAYASTHA2, D. CHAKRABORTY3, A. SHARMA1, S. KANNOJIYA1 AND V. KUMAR1

1Division of Environmental Sciences, ICAR-IARI, New Delhi-110 012
2Division of Soil Science and Agricultural Chemistry, ICAR-IARI, New Delhi-110 012
3Division of Agricultural Physics, ICAR-IARI, New Delhi-110 012

ABSTRACT

Greenhouse gas (GHG) emissions from anthropogenic activities are the most significant drivers of
observed climate change, which has both direct and indirect effects on crop production. The study was
conducted during the kharif season of 2019 inside the Open Top Chamber (OTC) at the Genetic-H field
of ICAR-Indian Agriculture Research Institute (IARI) to quantify the effect of elevated carbon dioxide
(CO2) and temperature on growth of rice crop. Thirty days old seedlings of rice cv. Pusa Basmati 1509
and Nagina 22 were transplanted in crates inside OTC. There were two different CO2 concentrations
i.e., ambient (410 ppm) and elevated (550 ± 25 ppm) and also two different temperature levels i.e.
ambient and elevated (+3.0°C). Recommended dose of fertilizer for rice i.e., 120-60-60 (N-P2O5-K2O)
(kg ha-1) was applied. Maturity of Pusa Basmati 1509 and Nagina 22 occurred 4 days and 2 days earlier
under high temperature treatment as compared to chamber control. Elevated CO2 and temperature does
not have any significant impact on plant height. Number of tillers in rice decreased in elevated
temperature treatment but increased under elevated CO2 level. High temperature reduced leaf area of the
rice varieties but in elevated CO2 plus temperature interaction treatment leaf area was higher than that of
chamber control. Above-ground biomass of Pusa Basmati 1509 and Nagina 22 reduced by 5.9% and
1.2% respectively under elevated temperature treatment as compared to chamber control. But elevated
CO2 was able to compensate this reduction in crop biomass in elevated CO2 plus temperature interaction
treatmentThus this study found that elevated CO2 level of 550 ppm could alleviate the adverse impacts of
high temperature on growth parameters in rice to certain extent.
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et al., 2013). In the pre-industrial era (1750 AD), the
atmospheric CO2 concentration was around 280 ppm;
today, it is over 410 ppm (IPCC, 2021). The current
atmospheric CO2 concentration has exceeded 400
ppm due to widespread anthropogenic activity, and
it is anticipated to exceed 550 ppm by 2050 and 700
ppm by 2100 (IPCC, 2013; Kumar et al., 2019).
According to IPCC 6th assessment report, the
temperature would likely rise by 1.5-5°C in mid of
the scenario spectrum and by 3°C in 2100 (IPCC
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Introduction

The global climate is changing at an alarming
rate due to the increase in emission of greenhouse
gases (GHGs) such as carbon dioxide (CO2), methane
(CH4) and nitrous oxide (N2O). Climate change is
predicted to have both direct and indirect effect on
crop productivity (Abebe et al., 2016; Naresh Kumar
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2021). High temperature accelerates the maturity of
crops and also reduces crop yield (Chakrabarti et al.,
2021; Sandhu et al., 2017). But elevated CO2 level
increases photosynthetic rate, growth and
productivityof crops (Ainsworth and Long, 2005;
Dey et al., 2017; Pramanik et al., 2018). Therefore,
CO2 fertilization can alleviate the negative impacts
of rising temperature on crops to certain extent (Singh
et al., 2013; Maity et al., 2019b).

Rice (Oryza sativa L.) is the second-most
significant staple food crop in the world with an
annual production of 740 million tonnes and
cultivation over 160 million ha, (Pathak et al., 2018).
Rice is the staple food for half of the population of
the world and is a main source of calories for about
60% of the world population (Naresh Kumar et al.,
2013). India grows 43 million acres of rice with a
yield of 165 million tonnes (Pathak et al., 2018).
Since rice is a C3 crop, it exhibits improved
photosynthetic efficiency, which ultimately results
in an increase in biomass production and yield at
high CO2 concentrations (Taylor et al., 2018). Maity
et al. (2020) reported that elevated CO2 concentration
significantly increased grain yield of rice by 24.5%
over the ambient treatment. Ainsworth (2008) and
Allen et al. (2020) reported 13% increase in rice
production under elevated CO2 condition. Exposure
of rice crop to high temperature during the anthesis
and heading stage may reduce pollen germination
and increase the spikelet sterility (Chakrabarti et al.,
2010; Matsui et al., 2000; Maity et al., 2019a). High
temperature stress decreases the number of panicles,
number of grain per panicle, spikelet sterility and
grain yield of rice (Zacharias et al., 2010; Maity et
al., 2019b). Studies on the interactive effects of
elevated CO2 and temperature on rice crops in open
fields are quite limited especially under tropical
condition. Hence the following study was carried out
to quantify the impact of elevated CO2 and
temperature on rice growth and productivity.

Materials and Methods

The study was conducted during the kharif
season of 2019 inside the Open Top Chamber (OTC)
at the Genetic-H field of Division of Environmental
Sciences, ICAR-Indian Agriculture Research
Institute (IARI), New Delhi. The open-top chambers

are cylindrical in shape fabricated with galvanized
iron (GI) pipe and a diameter of 4 m and height of 3
m. To allow enough room for natural gas exchange
and to regulate the surrounding temperature and
humidity, the tops of the chambers are left open.The
OTCs were maintained at two CO2 concentrations
levels viz. ambient (410 ppm) and elevated (550 ±
25 ppm) and two levels of temperature i.e., ambient
temperature and elevated temperature. Elevated
temperature was maintained by partially covering the
upper portion of the OTCs. Air inside the OTCs is
pumped and monitored using an infrared gas analyzer
(IRGA) and when the CO2 concentration dropped,
solenoid valves opened, releasing CO2 into the OTCs.
Average maximum and minimum temperatures were
32.6°C and 21.5°C, respectively, throughout the crop
growth period in 2019. Daily maximum and
minimum temperatures inside the OTCs were
measured using digital thermometer.

Rice crop was grown in crates filled with 40 kg
soil. The basic physico-chemical properties of the
soil (top 0-15 cm) were analysed. The soil was sandy
loam in texture, slightly alkaline (pH 7.7), contained
0.5% organic C. Seedlings of two rice varieties
namely Pusa Basmati 1509 and Nagina 22 were
transplanted in the crates inside the OTCs on third
week of July 2019. Six rice seedlings (30 days old)
were placed into each crate. Gap filling was also
carried out as needed. Recommended dose of
fertilizer for rice i.e., 120-60-60 (N-P2O5-K2O) (kg
ha-1) was followed. The recommended nitrogen dose
was applied in three equal splits, half as a basal
application and the other half at the tillering and
flowering stages. During the transplantation,
phosphorus and potassium were applied. Throughout
the cropping period, a 5 cm standing water level was
maintained. Crop phenology i.e. dates of 50%
flowering and dates of physiological maturity were
recorded by visual observations from the field.

During the flowering stage of the crop three rice
plants were uprooted from each crate and leaf area
was measuredusing LI-3100C Area Meter (LI-COR,
Lincoln, NE). The crop was harvested on first week
of November. After crop harvest, plant height was
measured and numbers of tillers were counted. Plant
samples were air dried and dry weight of above
ground biomass was recorded.
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Statistical analysis

The experiment followed completelyrandomized
design (CRD). Statistical analysis of the data was
done using SAS software (ver. 9.3) statistical package
(SAS Institute Inc., CA,USA).

Results and Discussion

Temperature inside the open top chambers

Daily maximum and minimum temperatures
recorded inside the OTCs were averaged for the
whole crop growth period. Results showed that,
seasonal mean temperatures inside the partially
covered OTCs (elevated temperature treatment) and
elevated CO2 plus temperature treatment were 2.5°C
and 2.8°C higher respectively compared to the
chamber control OTC (Fig. 1).

Crop Phenology

The treatment with elevated temperature
accelerated maturity of the rice crop. Days to 50%
flowering (anthesis) reduced in Pusa Basmati 1509
and Nagina 22 variety by 3 days and 1 day under
elevated temperature treatment (Table 1). On the
other hand, maturity of Pusa Basmati 1509 and
Nagina 22 occurred 4 days and 2 days earlier
respectively as compared to chamber control (Table
1). Chakrabarti et al. (2013) also reported that crop
yield and biomass tend to decrease with rising
temperatures as a result of shortening of crop duration
and subsequently shorter period of radiation
interception.

Growth and yield parameters

Plant height of Pusa Basmati 1509 and Nagina

Fig. 1. Mean seasonal temperature inside different OTCs

Table 1. Phenology of rice varieties as affected by elevated CO2and elevated temperature

Treatment Days to 50% flowering Days to maturity

Pusa Basmati 1509
Chamber control 72 106
Elevated temperature 69 102
Elevated CO2 72 107
Elevated CO2 & elevated temperature 67 100

Nagina 22
Chamber control 69 97
Elevated temperature 68 95
Elevated CO2 70 99
Elevated CO2 & elevated temperature 68 96
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22 was 80.3cm and 97.3 cm respectively in chamber
control treatment (Fig. 2). Elevated CO2 and
temperature did not have any significant impact on
plant height. Number of tillers in rice plant
significantly increased from 16.1 to 19.7 in Pusa
Basmati 1509, and 14.3 to 15.5 in Nagina 22 under
elevated CO2 as compared to chamber control
treatment (Fig. 3). High temperature reduced tiller
number as compared to chamber control.But in
elevated CO2 plus temperature interaction treatment
there was no significant change in tiller number of
the varieties than chamber control. Zacharias et al.
(2010), also reported that high temperature treatment
throughout the crop growth period increased tiller
mortality in the rice crop, resulting in a decrease in
the number of productive tillers and a consequent
reduction in grain yield. Raj et al. (2019) reported
that higher crop growth in rice resulted in increased
tiller number under elevated CO2 condition.

Leaf area in flowering stage significantly
increased under elevated CO2 from 829.5 to 1608.1
cm2 hill-1 in Pusa Basmati 1509 and from 752.5 to
1056.4 cm2 hill-1 in Nagina 22 as compared to
chamber control(Fig. 4).High temperature has
reduced leaf area to 693 and 591.2 cm2 hill-1 in Pusa
Basmati 1509 and Nagina 22 respectively. But in the
elevated CO2 plus temperature interaction treatment
leaf area was higher than that of chamber control in
both the varieties. Wang et al., (2020) reported that
leaf area index of rice were significantly impacted
negatively by rising temperature, either alone or in
combination with high CO2 at both the PI and HD
stages. Reduced LAI was a reflection of the reduction
in photosynthetic activity caused by high
temperatures (Chakrabarti et al., 2013). Moreover,
Ruhil et al. (2015) showed that under higher CO2

concentrations, there were a rise in photosynthetic
rate as well as an increase in leaf area.

Fig. 3. Number of tillers in rice varieties under different treatments

Fig. 2. Plant height of rice varieties under different treatments
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The above-ground biomass of the rice varieties
significantly increased by 14.8 % and 10.2 %in Pusa
Basmati 1509 and Nagina 22 respectively in elevated
CO2 treatment. On the other hand, elevated
temperature reduced above-ground biomass by 5.9%
and 1.2% in Pusa Basmati 1509 and Nagina 22
respectively. But elevated CO2 was able to
compensate this reduction in crop biomass which was
observed in terms of no change in above-ground
biomass of the rice varieties in elevated CO2 plus
temperature interaction treatment (Fig.5). Raj et al.
(2016) has reported that rice grain and biomass yield
were significantly decreased with temperature rise
of 3.9ºC.Crops frequently report lower yields and
biomass in higher temperatures, which may be due
to decreased sink capacity, reproductive sterility, and
water and resource efficiency (Wassmann et al.,
2009). According to reports, higher CO2 levels
improve crop yield and this effect was more
pronounced in C3plants due to source manipulation

that increased leaf area, photosyntheticrate, water use
efficiency, and other photosynthetic acclimations
(Ainsworth et al., 2008;Madan et al., 2012;
Chakrabarti et al., 2020a&b).

Conclusions

The results from the studyshowed that elevated
temperatures accelerated the maturity of the rice,
reduced tiller number, leaf area and growth of rice
varieties. However, elevated CO2 concentrations
were able to compensate the loss by enhancing
number of tillers, leaf area, and aboveground biomass
of rice in elevated CO2  plus temperature interaction
treatment.
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