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ABSTRACT

This study was conducted during 2011 and 2012 at the experimental farm of ICAR Research
Complex for Eastern Region, Patna, India in  Open top chamber (OTC) as well as in open field condition.
Four rice genotypes (Local/Indigenous:Rajshree, promising HYV of state: Rajendra Bhagwati, promising
HYV of eastern region: Swarna sub 1 and ruling variety in state: MTU 7029) were used for the study. The
1 hr averages of CO2 in the elevated CO2 OTC ranged between 455 and 510 ppm with a mean of 482 ppm
and a standard deviation (S.D.) of 12.7ppm. LAI of the elevated CO2 treatment was significantly ( p<0.05)
greater than the control OTC and open field at all times in both kharif seasons. The higher grain yields in
rice crops under elevated CO2 were primarily due to their greater biomass production capacity and not
due to a greater fraction of total biomass being partitioned to grains. The greater biomass under elevated
CO2 was brought about by an increase in RUE, during both pre- and post-anthesis periods. In both the
years, rice growing under elevated CO2 had significantly greater grain numbers and grain yields than
under ambient CO2 and open field conditions, which did not differ significantly. The percentage of filled
grains also was significantly greater in the elevated treatment.
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Greenhouse gases naturally keep the earth warm by
trapping heat in the atmosphere, thus increases in
atmospheric concentrations of these gases are predicted to
shift the earth’s climate. The concentration of carbon
dioxide (CO2) in the atmosphere is increasing at an
unprecedented rate, due to fossil fuel burning and land use
changes. The increased awareness of this global problem
has led to increased pressure by society to minimize the
impacts of elevated atmospheric concentrations of
greenhouse gases. Given the potential of these greenhouse
gases to contribute to global climate change, impacts of
management and environmental factors on their efflux
from soil have begun to receive more focused attention.
Agriculture and other land uses have been shown to act as
sources and sinks of greenhouse gases (Mosier et al., 1998
and Mosier, 2001).

One of the pre-eminent manifestations of climate
change is the increase in atmospheric CO2 concentration.
During the last twelve years the rate of increase of CO2 is
1.9 ppm yr-1 and is forecasted to be as high as 570 ppm by
the middle of this century (IPCC, 2007). A predicted
consequence of this rise in CO2 and other greenhouse
gases is the warmer temperature of the earth’s surface.
Both CO2 and temperature are the key variables of global

climate and may cause significant changes in crop
productivity through their direct or indirect effects on
crops, soils, pests, etc. Strong evidence exists for
continuous increase of atmospheric CO2, but only a few
quantitative assessments have been made of the effect of
increased CO2 under field conditions.This is expected to
raise global temperatures due to the CO2 capacity to
absorb infrared light (Schneider, 1989 and Taylor and
MacCracken, 1990). One of the most obvious effects of
climate change is its effect on living beings, especially on
plants, which have been found to exhibit alterations
potentially affecting some steps of their growth cycle.
Studies on various plant species have suggested that
climate changes will affect the development, growth and
productivity of plants through alterations in their
biochemical, physiological and morphogenetic processes
(Bazzaz and Fajer, 1992).

Elevated CO2 concentrations may enhance potential
net photosynthesis of C3 plants because ribulose-1,5-
bisphophate carboxylase/oxygenase (rubisco), an enzyme
involved in both CO2 fixation and photorespiration(Drake
et al., 1997). Thus, an increase in ambient CO2 raises the
leaf internal CO2 concentration and the CO2/O2ratio at the
rubisco site, favoring carboxylation over oxygenation in
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ribulose-1, 5-bisphosphate (RuBP). Therefore, elevated
CO2 concentrations can reduce photo respiration and thus
cellular H2O2 production associated with glycolate
metabolism (Pritchard et al.,2000).The impact of elevated
CO2 concentrations on the oxidative status of leaves has
been examined in various plant species (Cheeseman,
2006 and Qiuet al., 2008), in which it seems to cause a
decrease in the activity of some antioxidant enzymes and
also in the concentration of some antioxidants (Wustman
et al., 2001), leadingto an increase of ROS levels in most
plants (Erice et al., 2007).ROS are continuously formed
as by-products of various metabolic pathways in different
cellular compartments (Foyer and Harbinson,1994 and
Apel and Hirt, 2004). Under physiological steady-state
conditions,these molecules are scavenged by different
antioxidantdefense components (Alscher et al., 1997).
The effects of elevated CO2 concentrations on plant
productivity have been extensively studied. Overall, plants
tend to increase growth and to produce greater amounts of
biomass in the presence of elevated CO2 concentrations.
Also, the C3 photosynthetic pathway exhibits a greater
relative increase than does the C4 pathway under these
conditions. Comparatively less research has been
conducted on the effects of CO2 on plant development,with
occasionally dissimilar results (Patterson and Flint, 1990).
Elevated CO2 concentrations were found to boost the
expression of storage proteins, but also to upregulate
endo-xyloglucan transferase and xyloglucan endotransgly-
cosidase (XET) (Cosgrove, 1997), both of which are
involved in the incorporationof newly secreted xyloglucans
into cell walls (Nishitaniand Tominaga, 1992 and Wu and
Cosgrove, 2000).This expression is correlated with the
upregulation of genescoding for various elements of the
cytoskeleton associated withgrowth, such as the alpha
and beta subunits of tubulin, and various actin-
depolymerizing factors. Many physiological studies
indicate that expression of these genes may contribute to
increased leaf size at elevated CO2 concentrations (Ferris
et al., 2001).The aim of this work was to examine the
possible behavior of rice crop in elevated atmospheric
CO2 concentration.

MATERIALS AND METHODS

Field experiment

This study was conducted in the experimental farm
of ICAR Research Complex for Eastern Region, Patna
located at 25°35’37" N latitude and 85°05’ E longitude

and at an altitude of 51.8 m above mean sea level. The land
area of open-top chambers (OTCs) had a fairly level
topography.

The climate of the experimental site is semi-arid
with dry hot summer and mild winters. Summers are long
(early April–August) with monsoon setting in between
July and September. May and June are the hottest months
with mean daily maximum temperature ranging from 31
to 41°C. Mean annual rainfall is 1200 mm,of which 80%
occurs during southwest monsoon from July to September.
The mean daily pan evaporation reaches a high of 8.0 mm
per day in June and a low of 1.7 mm per day in January.
The crop season of rice is from June to November/
December (locally called the kharif season).

The soil at the experimental site belongs to the
major group of Indo-Gangetic alluvium. A soil type was
clay loam and good texture with neutral pH 7.5. The
chemical and physical characteristic of soil at experimental
sites is listed in Table 1.

Crop management

Experiments were carried out during kharif season
2011& 2012. Four rice genotypes (Local/indigenous :
Rajshree, promising HYV of state: Rajendra Bhagwati,
promising HYV of eastern region: Swarna sub 1 and
ruling variety in state: MTU 7029) were used for the
study. Fields (inside the OTCs) were dry ploughed,
harrowed and levelled but not puddled during land
preparation. Twenty one days old seedling from wet bed
nurseries were transplanted at the rate of 2 to 3 seedlings
per hill at a spacing of 20 cm x 15 cm in plots. In each plot
a uniform plant stand were maintained and standard
agronomic practices were followed for  raising and
maintenance of plants. Plots were fertilized at the rate of
90-60-40 kg NPK ha-1. Nitrogen was applied on three
occasion (1/3each at sowing/ transplanting as a basal, at
30 days and at 60 days), while the P2O5 and K2O  were
applied as a basal application.The experimental plots
were kept weed free by the use of pre-emergence herbicide
(pendimethelin 30 EC (2.5-3.0 ml) in per litre of water)
and hand weeding. The observations were recorded on ten
randomly selected plants per genotype per replication for
all the traits in all the phenological stages, plant height
(cm),  harvest index, biomass (dry basis), straw yield
(tha-1) as well as grain yield. Number of panicle number
of each hill was counted to determine the panicle number
per m2. Panicles were hand threshed and filled spikelets
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were separated from unfilled spikelet and determined
spikelet sterility percentage. Grain yields were obtained
from a sampling area obtained by discarding the outside
rows of each plot.

Construction of open top chambers

The circular structure of OTCs were made with an
aluminium frame covered with UV-treated poly carbonate
sheet, which transmits 85% of natural sunlight. The
frame was approximately (4 min diameter) with 12 sides
fitted together. It was 4 m high and the upper part of the
OTCs was kept open to maintain the near-natural
conditions of temperature and relative humidity. The base
of each OTC was provided with a hollow ring of 0.4 m
diameter covered with PVC sheet and having perforation
inside for the supply of CO2–air mixture inside the OTCs.

CO2 supply and monitoring

Each open top chamber was divided into four equal
quadrants with water proof brick partitioning. One OTC
was control (with ambient CO2) and OTC was given 25%
higher CO2 (475ppm) treatment. Pure CO2 was (99.7%, v/
v CO2 and less than 10 ppm CO) was released from a
commercial grade cylinder fitted with a regulator. Carbon
dioxide concentration of air within the elevated CO2

chambers was maintained around the target concentration
by a PC-based real-time data acquisition and control
(DAC) system designed based on the principles described
in Collins et al. (1995). The air sample from the middle
of the chamber was drawn periodically into a CO2 sensor
(NDIR, make Topak, USA) to monitor CO2 concentration.
The set level of CO2 was maintained with the help of
solenoid valves which were controlled by Program Logic
Control (PLC) and Supervisory Control and Data
Acquisition (SCADA) system running Winlog software
(Make SELCO, Italy). A data logger recorded the mean
CO2 within all chambers at 15-min intervals. The CO2

supply was switched on only during the daylight hours
(i.e. from 07:00 to 18:00 h). The chambers were washed
regularly with a gentle stream of water to remove the dust
and to maintain transparency.

Weather during crop season

Daily maximum and minimum temperatures,
maximum and minimum relative humidity, total radiation,
daily rainfall were recorded from the meteorological
observatory of the ICAR Research Complex, Patna. Mean
daily maximum and minimum temperatures and relative
humidity (RH) inside the  OTC were recorded using datalogger.

Leaf area index (LAI)

Leaf-area index was measured at weekly intervals
with a plant canopy analyzer (LAI-2000, LI-COR, Lincoln,
NE, USA). The LAI was measured at four random locations
within each plot .

Photosynthetically active radiation (PAR)

Incident, transmitted and reflected
photosynthetically active radiation (PAR) were measured
periodically at the top,middle and bottom of rice crop
throughout the season using line quantum sensor LI-
191SA (LICOR Inc.,  Lincoln, NE, USA). These
measurements were used to derive fraction Intercepted
PAR (fIPAR).

The canopy fIPAR and LAI were related using following
equation:

fIPAR = 1 – exp(- k × LAI)

where, k is the canopy radiation extinction coefficient and
LAI is the leaf area index.

The k was determined with least-square regression
by calculating the slope of the relationship between ln(1
- fIPAR) and LAI (Robertson et al., 2001) with intercept
set to zero. Daily incoming PAR values were multiplied by
corresponding daily fIPAR values to compute daily
Intercepted PAR (IPAR). The daily IPAR were accumulated
corresponding to the period for which crop biomass was
recorded. RUE was calculated as the slope of the regression
of accumulated biomass on cumulative intercepted
radiation. Radiation use efficiency(RUE) was estimated
as the slope of the linear regression between total biomass
accumulation and cumulative radiation interception
(Monteith, 1977).

Table 1: Soil characteristic of experimental site.
Year Sand Silt Clay Organic Soil Bulk Electrical Available Available Available

(%) (%) (%) carbon pH density conductivity nitrogen phosphorus potassium
(%) mg m3 (dSm-1) (kg ha-1) (kg ha-1) (kg ha-1)

2011 26.4 42.6 31.0 0.65 7.5 1.47 0.26 220 32.0 211

2012 29.6 41.7 28.7 0.67 7.4 1.44 0.27 231 27.9 203
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Statistical analysis

Significance of treatment differences in growth
and yield measurements were tested by analysis of variance
and meanswere separated by least significant difference.
Significance of treatment differences in radiation use
efficiency was tested by comparing the 95% confidence
intervals of slopesin the regressions of biomass
accumulation against cumulative intercepted radiation
using WINDOSTAT software.

RESULTS AND DISCUSSION

Weather out side and within open top chambers

Variation of meteorological parameters within OTC
sand open field conditions during the daytime on a sunny
day are shown in Fig. 1. The 1 hr averages of CO2in the
elevated CO2 OTC ranged between 455 and 510 ppm with
a mean of 482 ppm and a standard deviation (S.D.) of 12.7

Plant sampling and final harvest

Crop biomass were measured by destructive
sampling. Samplings of ten randomly selected hills were
done at 25, 40, 60, 77, 90 and 105 DAT. The gaps created
by plants removed at all samplings in both OTCs and open
plots were immediately filled by rice plants from outside
the experimental plots. These plants were not used for any
of the subsequent measurements. Dry weights of leaves,
stems, roots and grains were determined by oven drying at
80°C until a constant weight was attained. Total biomass
was computed as the sum of dry weights of different plant
parts. Grain yield was measured by harvesting the central
1 m2 of each plot at final harvest. Yield components were
measured on a sub-sample of 10 plants from the final
harvest. Harvest index was calculated as the ratio between
grain yield and total biomass at harvest.

Fig. 1: Weather conditions (in 30DAT at the vegetative stage of the crop) within the OTCs and open field (a) CO2

concentration; (b) air temperature; (c) relative humidity and (d) shortwave radiation.

a b

c d
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ppm (Fig. 1a). The corresponding means and ranges for
control (ambient) OTC andthe open field were 382 (374-
393) ppm and 380 (370-390) ppm with S.D. of 4.8 and 6.5
ppm, respectively. In all OTCs and open field, CO2 showed
a reduction during a 2-h period around midday and an
increase towards the end of the day. CO2 concentration
within the control OTC was slightly lower than in the
open field during midday. However, during other times
there was no consistent or significant variation between
the CO2 of these two treatments.

Air temperature (Ta) was more inside the OTCs
than open field (Fig. 1b) condition. Air temperature of the
elevated CO2 OTC was consistently greater than that of
the ambient OTC. This temperature difference ranged
from 0.07 to 4.3°C with a mean and S.D. of 1.3 and
0.54°C.

The relative humidity (RH) within the OTCs was
higher than in the open field, especially during a 2-h
period following  midday (Fig. 1c). In general CO2 elevated
OTC is having more RH followed by control and open
field. As the CO2 elevated OTC is having more biomass
and having more transpiration compare to other treatments,
the OTC is having more relative humidity.

Incident shortwave radiation on the crop canopy
was lower in theOTCs (Fig. 1d) because of partial

interception by thepolythene of OTC walls. Maximum
incident was in open field (910 W m-2) compared to all
OTCS (737 W m-2)

Meteorological conditions during the experimental period

Maximum temperature was below normal in all
most all the months in both 2011 and 2012 crop growing
period. An opposite trend was observed for minimum
temperature during both the years. Total kharif season
rainfall (1134.9 mm) was more in 2011 than normal
rainfall (1075.4 mm). In 2012 total kharif rainfall (1030.7
mm) was less than normal rainfall. Bright sunshine hours
(monthly average) varies between 4.1 to 7.9 hrs duing
both the years. Average relative humidity varies between
45.2 % to 83.9 % in both the years (Fig.2).

Crop growth and radiation interception

LAI of the elevated CO2 treatment was significantly
( p< 0.05) greater than the control OTC and open field at
all times in both kharif seasons (Table 2). However, the
maximum LAI achieved by OTC with elevated CO2 during
kharif 2012 (i.e. 4.62) than kharif  2011 (i.e. 4.50). In both
the growing season the maximum LAI levels were achieved
around 90-92 DAT ( heading stage). LAI under ambient
CO2was significantly ( p< 0.05) lower than that in the
open treatment.

Fig. 2 : Variation of monthly means of weather parameters during kharif season (a) 2011 and (b) 2012

a b
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Table 2 : Variation (average of all varieties) of leaf area
index (LAI) of rice grown in OTC (under
elevated CO2 concentration), control and open
field in kharif season of 2011 and 2012

Days after       Open top chamber (OTC) Field LSD 0.05
transplanting condition

Elevated CO2 Control
(480 ppm) (380 ppm)

Kharif 2011
25 0.34 0.19 0.20 0.13
40 1.02 0.64 0.74 0.21
60 2.74 2.02 2.26 0.45
77 3.64 3.06 3.24 0.31
90 4.50 3.79 4.10 0.49
105 4.03 3.48 3.72 0.29
Kharif 2012
25 0.38 0.23 0.36 0.15
40 1.18 0.69 1.17 .28
60 2.85 2.78 2.53 0.41
75 3.76 3.56 3.85 0.29
91 4.62 3.91 4.29 0.49
105 3.93 3.23 3.61 0.36

LSD 0.05, least significant difference at p = 0.05

Table 3 : Seasonal total PAR and mean seasonal fraction
of PAR interception (fPAR) by rice crop grown
under elevated CO2 (480 ppm) and ambient CO2

(380 ppm) in OTC and open field conditions in
kharif 2011 and 2012

Treatments kharif 2011 kharif2012
PAR (MJ m-2) fPAR PAR (MJ m-2) fPAR

Elevated CO2 630 0.584 685 0.597
OTC (0.63)a (6)a (1.5)a (6.8)a

Control OTC 626 0.551 675 0.559
(ambient) (-17.5)b (12.9)b (-12.3)b (12.7)b

Open field 759 0.488 770 0.496
LSD0.05 43 0.016 46 0.019
CV (%) 6.34 4.92 7.12 4.56
a Percentage increase or decrease (-ve) over control.
b Percentage increase or decrease ((-ve)over open.

Table 3 shows the variation of the fraction of
incident PAR intercepted (fPAR). The OTC with elevated
CO2 showed higher levels of fPAR than the open field at
all times. The lower fPAR of the open field was partly
because of its lower LAI.

Crops of elevated CO2 OTC showed a higher fPAR
than open field and the control OTC. fPAR of all three
treatments increased and reached maximum around grain
filling stage. PAR was more in kharif 2012 than 2011. In
general open field received more PAR compare to OTC
conditions (12 to 17% more in absolute amount). Over the
crop growing season, there was no significant ( p< 0.05)
difference between the fPAR levels of the elevated and
ambient CO2 treatments growing within OTCs. However,
in both seasons, elevated CO2 treatment had significantly
greater fPAR than the open treatment. Therefore, although
thetotal PAR was 17% lower in the treatments within
OTCs, the fraction PAR interception was more (12.9%)
than open field condition.

The higher grain yields in rice crops under elevated
CO2 were primarily due to their greater biomass production
capacity and not due to a greater fraction of total biomass
being partitioned to grains. The greater biomass under elevated
CO2 was brought about by an increase in RUE, during both
pre- and post-anthesis periods (Table 4) and not by an
increase in radiation interception. The greater efficiency of
radiation use under elevated CO2 is in agreement with the
predictions of  DeCosta et al. (2006), Drake et al. (1997) and
Long et al. (2004). Elevated CO2 increases net photosynthesis
by promoting carboxylation and inhibiting oxygenation of
RubP. As this increase of photosynthesis does not require
additional light energy, elevated CO2 increases the light use
efficiency (net photosynthesis per unit of light energy absorbed)
at the cellular level. Results have shown that this increase in
light use efficiency at the cellular level is reflected at the crop
level also as an increase in radiation use efficiency. Similar
results have been obtained byWeerakoon et al. (2000) and De
Costa et al. (2006) for rice. A higher apparent quantum yield
at the leaf level would also contribute to a higher RUE at
thecrop level because leaves that are not light-saturated
wouldbe having a greater rate of photosynthesis per unit of
light energy absorbed.

The present study also showed that the fraction of
incident PAR intercepted (fPAR) was not affected by elevated
CO2 (Table 2), despite the elevated treatment having a greater
LAI. This meant that the LAI increases were beyond the
minimum required for maximum radiation interception. With
increasing LAI, the canopy architecture may have been
modified to distribute the intercepted radiation more uniformly
within the canopy. This could have reduced light saturation
at the leaf level and would have contributed to the observed
increases in RUE (Richards, 2000).
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Table 4 : Variation of the total dry biomass (t ha-1) of rice cultivars grown under elevated CO2 (480 ppm) and ambient (380
ppm) and in open field conditions in kharif  2011 and 2012

Cultivar Treatment Days after transplanting (DAT)
40 70 95

Rajshree
Elevated CO2 0.90 4.23 4.43
Ambient CO2 0.34 2.98 3.12
(Control)
Open 0.52 3.11 3.55
LSD 0.05 0.05 0.22 0.39

Rajendra bhagwati Elevated CO2 0.933 4.33 10.39
Ambient CO2 0.28 3.24 8.56
(Control)
Open 0.56 3.53 9.23
LSD 0.05 0.09 0.33 0.45

Swarna sub 1 Elevated CO2 1.10 5.78 13.92
Ambient CO2 0.54 3.93 11.89
(Control)
Open 0.72 4.37 12.57
LSD 0.05 0.05 0.37 0.71

MTU 7029 Elevated CO2 1.31 5.76 12.23
Ambient CO2 0.67 4.05 10.05
(Control)
Open 1.03 4.12 10.95
LSD 0.05 0.02 0.37 0.72

LSD0.05, least significant difference at p = 0.05

Table 5 : Radiation use efficiency (RUE in g MJ-1), for rice grown under elevated CO2 (470 ppm), ambient CO2in OTC
and open field conditions in kharif (2011 and 2012)

Cultivar Treatment RUE ± SE R2 RUE ± SE R2

During heading stage Total crop duration
Rajshree Elevated CO2 2.09 ± 0.34 0.89 2.05 ± 0.27 0.88

Ambient CO2 1.87 ± 0.19 0.81 1.83 ± 0.11 0.84
Open 1.93 ± 0.29 0.82 1.89 ± 0.21 0.79

Rajendrabhagwati Elevated CO2 2.03 ± 0.14 0.83 1.93 ± 0.28 0.91
Ambient CO2 1.82 ± 0.21 0.84 1.79 ± 0.35 0.88
Open 1.99 ± 0.17 0.79 1.94 ± 0.33 0.84

Swarna sub 1 Elevated CO2 2.16 ± 0.11 0.91 2.03 ± 0.17 0.88
Ambient CO2 1.89 ± 0.14 0.84 1.86 ± 0.22 0.81
Open 1.90 ± 0.10 0.86 1.91 ± 0.27 0.92

MTU 7029 Elevated CO2 2.09 ± 0.16 0.88 2.03 ± 0.27 0.88
Ambient CO2 1.92 ± 0.09 0.82 1.91 ± 0.18 0.83
Open 1.93 ± 0.21 0.85 1.83 ± 0.29 0.91

The average (kharif 2011 and 2012) radiation use
efficiency (RUE) of the elevated CO2 treatment was
significantly ( p<0.05) greater than the ambient CO2

treatment (Table 5). There was no significant difference
between the RUE ofambient and open field conditions. In
contrast, both the elevated and ambient treatments had

appreciably greater post-heading RUE. RUE of the open
treatment did not differ in both seasons.

In both the years, rice growing under elevated CO2

had significantly greater grain numbers and grain yields
than under ambient CO2 and open field conditions (Table
6), which did not differ significantly. The percentage of
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Table 6: Yield and yield contributing traits of rice in OTC and open field condition in kharif 2011 and 2012

Cultivar Treatment Height Duration Panicle Grains / 1000 Spikelet Grain
(cm) (days) length (cm) panicle grain sterility yield

weight (t ha -1)
(gm)

Rajshree Elevated CO2 130 142 25.2 154 25.7 6.2 4.2

Ambient CO2 120 135 21.7 145 20.6 5.9 3.2

Open 124 138 23.9 148 21.3 5.8 3.7

LSD 0.05 2.2 2.4 1.5 1.8 1.4 0.5 0.6

Rajendra Elevated CO2 139 133 27.4 159 27.8 6.9 4.5
bhagwati Ambient CO2 134 131 24.3 155 23.2 6.7 3.7

Open 136 127 25.6 157 24.1 6.1 3.9

LSD 0.05 2.5 1.2 1.4 1.9 1.6 1.2 0.7

Swarna sub 1 Elevated CO2 106 148 25.3 198 27.9 4.2 5.3

Ambient CO2 101 139 23.5 189 22.4 4.6 4.3

Open 103 141 24.7 192 23.5 4.8 4.9

LSD 0.05 1.8 1.6 1.3 2.1 2.1 0.9 0.8

MTU 7029 Elevated CO2 102 147 27.3 211 27.3 3.9 5.9

Ambient CO2 95 142 25.2 205 25.1 4.1 4.8

Open 97 144 26.1 208 25.6 4.3 5.3

LSD 0.05 1.4 1.5 1.2 2.3 2.1 0.7 0.7

Furthermore, in another extensive review, Kimball et al.
(2002) concluded that results on cropresponses to CO2

enrichment in FACE were consistent withthose obtained
in chamber studies and that conclusions based on data
from both types of methodology were accurate.

In this regard, there are not many FACE studies
done on rice to compare our results, especially in the
higher range of temperatures experienced by crops in the
present study. Although theyield responses to elevated
CO2 observed in the present study were greater than those
observed by Kim et al. (2001) in rice grown under FACE.
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