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The paper reviews the recent trends of global CO, variability and likely impact of elevated CO, on plant growth,

photosynthetic pigments and yield. Findings of experiments carried out in controlled environment conditions (open top

chambers, FACE) as well as mathematical stimulation modelling on various crops are summarized. Plant growth, biomass

accumulation and net photosynthetic rate have been generally found to increase at high CO, conditions in wheat, rice,

soybean, and horticultural crops, except that acclimation or down regulation of photosynthesis has been observed after

prolonged exposure in some plants such as rice. Simulation models also confirm the results obtained from field

experimentation on elevated CO,. The impact of elevated CO, on yield depends on the corresponding rise in temperature

as considered in the modelling.
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1. Introduction

The global CO, concentration is gradually
increasing due to fossil fuel consumption, rapid
advancement in industrialization and deforestation
[1]. Increasing atmospheric loading of CO, has
stimulated various research programmes [2] to
determine the effect of enhanced carbon-dioxide
concentration on agricultural productivity [3]. The
current atmospheric level of CO, may increase
from 376 ppm to more than 700 ppm by the
middle of the twenty first century [4]. The levels
of naturally occurring atmospheric trace gases, such
as CO,, CH, (from increased bovine population and
rice paddies), nitrous oxide (N,O) (from fertilizers
and the burning of coal, oil and gas) have risen sharply
over preindustrial levels. Chloro-fluro-carbons
(CFCs) and other halocarbons released by industrial
societies have also become radiatively important trace
gases. In recent years, CO,, CFC and CH, have
tended to accumulate in the atmosphere causing
significant changes in climate. These gases may
contribute to global warming also by decreasing the

ozone concentration in the stratosphere, thereby
preventing the absorption of infrared radiation. Due
to increased levels of greenhouse gases, the
atmospheric temperature is increasing and this
also affects, directly or indirectly, agriculture and
natural ecosystems [5, 6, 7]. The bulk of extra CO,
that has been added to the atmosphere has come
mostly from the burning of fossil fuel and massive
deforestation. These gases absorb and partially trap
the heat radiated by the earth, reradiate some of it
back to the earth surface, and this leads to warming
of the lower atmosphere. The current global heat
balance is thus upset and leads to a warming of the
earth’s surface. CO, is the largest contributor to global
warming. Thus, CO, plays a pivotal role in the
functioning of both natural plant communities and
agro-ecosystems. Atmospheric modelling for the
1970s suggests that CFCs, N,O and CH, had a
warming effect equivalent to 70% of that of CO,
alone. The effect of elevated CO, concentration has
been studied for more than a century in greenhouses,
controlled-environment chambers, open top
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chambers and Free-air CO, enrichment (FACE)
technology. Open top chambers and FACE
technology are currently being used for the study
of the response of crop plants to elevated CO,.
There are two versions of open top chambers [OTC],
round [8, 9] and square [10]. Hendrey and Kimbal
[11] used the FACE technology for the study of the
elevated CO,. Amongst all the greenhouse gases,
relatively more effort is being put on the
understanding of the increasing trend in CO,
concentration and its effect on vegetation
productivity. A number of field and greenhouse
experiments have shown that growth and
photosynthesis in a wide range of cultivated and
native plant species will be substantially altered
by such a CO, increase [12]. This paper reviews
the national and global studies on the impact of
elevated CO, on crops.

2. Effect of Elevated Carbon-dioxide
(a) Plant Growth

The effect of CO, enrichment on plants in the
field depends on the type of crops, weather
conditions, CO, concentration, distribution of CO,
flux into the vegetation and the stage of plant
development [13-16]. Most studies have focused
on the effects of CO, enrichment on biomass
accumulation in plants. The experiments were
carried out with agricultural and horticultural
plants under more or less well controlled
conditions of CO, exposure in field chambers.

Elevated CO, has generally been shown to
increase crop growth. Many researchers have
reported that the effect of elevated CO,
concentration on plant growth shows large intra-
specific and inter-specific variations. Plants with
a C; photosynthetic pathways often exhibit greater
growth response compared with C, pathway plants
[17, 18], Kimball er al. [19] also showed that C,
plants exhibited greater growth response compared
to the C, plants. In response to a doubling of
CO, concentration, Kimball [20] and Poorter [21]
reported significant increment in biomass
production in C; plants.

Plant growth, biomass accumulation and yield
components of plants are increased when exposed
to elevated CO,. The effectof elevated CO, was
apparent at early stages of growth of sweet potato
[22]. However, in the later stages of growth, the
differences between plants exposed to elevated CO,
and those under ambient CO, were greatly reduced.
Various researchers found enhanced numbers of
specific parts i.e., branches, tillers and flowers when
treated with elevated CO, concentration [23-25].
Kessler and Armitage [26] found that the CO,
enrichment alters the phenology which may have
an effect on leaf senescence. Many experimental
studies showed that at given favourable growth
conditions, plants respond with enhanced
photosynthesis and growth under increased CO,
concentration. The increased biomass production
at high CO, level has been reported in a number
of plants [27-29].

(b) Physiological Characteristics

At high CO, concentrations, the net photosynthetic
rate of leaf is accelerated. Several investigators
have reported increased  photosynthesis in
agricultural crops [19]. Teramura er al. [30] reported
stimulation of photosynthesis in field-grown
soybean plants due to elevated CO,. Bowes [17]
attributed the increase in photosynthesis due to
elevated CO, to the increase in substrate
availability for Rubisco(RuBP) and the competitive
inhibition of oxygenase functioning of the enzyme.
After long term exposure to high CO,
concentration the effects on photosynthetic rates
were either positive or negative and were variable
among and within species [31, 33]. The decrease
in the stimulatory effect of photosynthesis under
high CO, concentration after prolonged exposure
is generally termed as acclimation or down
regulation of photosynthesis.

Jensen [34] showed that Rubisco activity is
widely accepted as the rate limiting step in
photosynthetic carbon fixation at saturating light
and ambient CO, concentration. RuBP
carboxylation limitation has been considered as
the main cause of the photosynthetic acclimation
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to CO, enrichment [35-36]. Chen et al. [37] also
found that photosynthetic acclimation in rice leaves
is related to both RuBP carboxylation limitation
and RuBP regeneration limitation. Photosynthetic
acclimation has also been observed in field-grown
plants under FACE conditions [38, 39]. However,
there are some reports which showed that the
acclimation does not occur in plants grown at
elevated CO, concentration [40, 41]. A few
researchers have reported that wheat, sunflower,
mungbean and groundnut showed increased
photosynthesis whereas mustard plants showed a
negative response when grown under elevated CO,
level.

(c) Photosynthetic Pigments

Habash et al. [42] showed that wheat crop grown
at elevated CO, had increased level of chlorophyll
pigments, whereas Rao et al.[43] and Rao and De
Kok [44] found a decrease or no change in
chlorophyll pigments when treated with elevated
CO,. Reeves et al. [45] reported that total
chlorophyll on an area basis was not affected by
enriched CO, in soybean. However, Wullschleger et
al. [46] have shown a reduction in the concentration
of extractable chlorophyll with elevated CO,.
Chlorophyll content of Brassica leaves has been
shown to decrease significantly [47]. This may be
due to the lowered Rubisco protein or due to a
higher accumulation of nonstructural carbohydrates.
On the other hand in barley, CO, enrichment
showed no change in total chlorophyll content
compared to control plants. There are studies which
report that enhanced CO, does not affect Rubisco
content and electron transport capacity for a given
leaf-nitrogen content [48].

(d) Yield

Reeves et al.[45] found that elevated CO, increased
dry matter production of Sorghum by 13 .5% and
of soybean by 23.8%, whereas seed yield of
Sorghum increased by 17.5% and of soybean by
34.7% when treated with enhanced CO,
concentration. Torbert et al. [49] also showed that
elevated CO, increased total biomass production
of grain Sorghum (average 30%) and soybean

[average 40%). Weigel et al. [50] suggested that the
rate of biomass production becomes saturated
with elevated CO,in wheat. Rogers and Dahlmann
[51] showed an increase of total biomass in some
crops and an increase in yield in certain other crops
under elevated CO, levels. Few workers found that
the harvest index was not increased as partitioning
of carbon was more towards vegetative organs
under elevated CO,.

Kimball [20] analyzed 53 observations of the
effects of elevated CO, on crop yields and found
an average increase of 15%. Nakagawa and Horie
[52] reviewed the responses of elevated CO, and
temperature on rice. They found that under field
conditions, elevated CO, increases rice yield by
about 25% on average. Uprety et al. [53] also
showed that under high CO, levels, the grain
yield increased in rice. Upon elevation of CO,,
cotton yields increased by about 60% in open top
chamber experiments.

3. Simulation Modelling and Climate Change

Currently, the crop simulation models are being used
to study the impact of climate change on production
of agricultural crops. These simulation models can
facilitate appropriate crop management decisions.
The crop models integrate current knowledge from
various disciplines including agrometeorology, soil
physics, soil chemistry, crop physiology, plant
breeding, and agronomy into a set of mathematical
equations to predict growth, development and yield
of a crop [54, 55]. In most climate change
applications, long term weather data are used as input
for the crop models.

Bhaskaran et al. [56] using the UKMO GCM
model predicted that with enhanced CO,
concentration, approximately 20% increase in total
precipitation occurs in winter or rabi crop seasons.
Lonergan [57] estimates that India’s climate could
become warmer under conditions of increased
atmospheric CO,. Aggarwal and Sinha [58] showed
that at 425 ppm CO, concentration and with no rise
in temperature, wheat grain yield increased
significantly. Aggarwal and Kalra [54] developed and
evaluated the WTGROWS crop simulation model to
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estimate the effect of climate change on productivity
of wheat in India. At 425 ppm CO, concentration and
with no rise in temperature, grain yield increased
significantly in all places. Lal et al. [S9] examined
the vulnerability of wheat and rice crops in northwest
India to climate change through sensitivity
experiments with CERES-wheat and CERES-rice
models and found that under elevated CO, levels,
yields of rice and wheat increased significantly. There
is of course a need to further refine the existing
models and also to develop models for more crop
species.
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