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ABSTRACT

Although the importance of respiration and photosynthesis to plants is well-established, the
antioxidant system's response to abiotic stresses remains an area of intense interest in the study of
physiological stress. While reports and reviews have been conducted on a single important
metabolic process and its reaction to climate change, there has been little coverage of an
integrated study that would include several biological processes at different scales. Along with other
important abiotic stresses like drought, heat, nitrogen limitation, and ozone pollution, this review will
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provide a synthesis of the mechanisms to elevated CO2 and its responses at various scales,
including cellular, molecular, physiological, and biochemical, and individual aspects. While it
contains what has been well-established in earlier reviews, the current comprehensive evaluation
may contribute considerable and pertinent information about the issue in recent research. An
introduction to the essential biological processes and a synopsis of their functions in controlling the
environment follows. The second part of the article discusses the current state of study on the many
subtopics, such as how plants adjust their antioxidant system, respiration, and photosynthetic
capacity to either CO2 enrichment or other forms of climate change. In the end, we go over some of
the possible uses for plant responses to different degrees of climate change. aided by this review,
which is currently of paramount concern on a global scale.

Keywords: Antioxidant; abiotic stresses; bio-chemical processes; comprehensive evaluation; of

physiological stress.
1. INTRODUCTION

Increases in atmospheric CO,, global warming,
changes in precipitation patterns, and the
feedback loops between these and other
environmental variables are the main drivers of
climate change [1]. Due to the significant rise in
CO2 emissions to the atmosphere this century,
its level has been steadily rising at a rate of
around 1.0 ymol mol-1 per year [1,2].

Our attention here is directed to the essential
plant biological processes involved in climate
change, such as respiration, photosynthesis,
metabolic activities, and the antioxidant system.
Both respiration and photosynthesis are essential
to plant life. Photosynthesis fixes carbon dioxide
and releases oxygen into the air, while
respiration produces energy and works on
substrate metabolisms like those that supply the
carbon skeleton.

According to many studies Singh & Agrawal, [3]
Long et al., 2004; Pefiuelas et al., 2013; Matros
et al., [4] the respiration, photosynthesis, and
antioxidant systems, among other important
secondary metabolisms in plants, have been
impacted by the increasing levels of CO2. These
basic biological reactions may be the basis for all
additional impacts of increased CO2 on specific
plants and ecosystems. Increased CO2 levels
may affect genetic variations linked to biological
process traits. For the reasons already
mentioned, studying how plants adapt to a
changing environment has been a major focus of
botanical studies all sizes in the last few
decades. Photosynthesis, stomatal behavior, and
other biological reactions to elevated CO?2 levels
and how it interacts with changes in the
environment have been extensively studied in
several papers (Long et al., 2004).
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Plant development, N and carbon (C) allocations,
and gas exchange reactions to increased CO2 in
the context of drought and high temperatures
were the subjects of our previous review by Xu et
al. (2013a). Whether we're talking about the
molecular, cellular, biochemical, physiological,
organ, person, or ecosystem level, this review
did touch on water use efficiency (WUE), how
higher plants’ growth, photosynthesis, and
changed when contact with CO2 upgrading
with abiotic variables (Ainsworth and Long,
2005).

However, it did not go into detail on the
numerous underlying mechanisms by which
these critical biological processes were affected,
modulated, or controlled. To be more specific,
there has been no well evaluated systematic
evaluation of these materials. Consequently, we
aimed to methodically summarize the substantial
study found that when exposed to increased
CO2 levels together with other environmental
factors, the respiratory, photosynthesisal, and
antioxidant systems reacted differently. Our
review was in light of the need to update and
consolidate all relevant studies on plant
biology and climate change (Ainsworth Rogers,
2007).

In particular, we examined the processes at
work, the paths for a response, and the linkages
between these. Lastly, we provide and discuss
briefly the future prospects of our work in relation
to the potential consequences. As a result, this
review may be relevant to the present day due to
its multidisciplinary and systematic synthesis,
which includes detailed information on significant
past and present experimental findings,
theoretical analysis, underlying processes, and
possible submissions that could spur additional
research.



Arif et al.; Asian J. Biotechnol. Gen. Eng., vol. 7, no. 1, pp. 72-78, 2024; Article no.AJBGE.115199

2. RESPONSES THE PROCESSES OF
CRITICAL BIOLOGICAL TO ELEVA-
TED CO2

2.1 Stomatal Conductance Response to
Elevated CO2 Concentration

Guard cells are innately able to sense CO2, and
it is believed that they react more to CO2 in the
intercellular space (ci) than to CO2 at the surface
of the leaf. we will just provide a brief overview of
guard cell signaling and metabolism. The
amounts of organic and ionic solutes facilitate the
turgor pressure inside the guard cells, which
controls the stomatal opening. The potential of
guard cell membrane must be depolarized in
order for the stomata to close. Based on
electrophysiological studies, it was found that
when CO2 levels are high, certain potassium
channels are more active than others. On the
other hand, inward rectifying potassium channels
are less active, S type anion channels are more
active, guard cell Cl-release is stimulated, and
guard cell Ca2+ concentration is increased [5].
The stomata close as a result of the
depolarization of guard cell membrane potential
brought forth by these alterations. A smaller
stomatal aperture is the consequence of more
depolarization with higher CO2 [6].

To review, when CO2 levels are high, stomatal
aperture typically decreases in the near term.
Dysregulation of stomatal aperture, stomatal
index, or density of stomata may lead to a
decline in gs over time. According to Gray et al.
[7] the HIC gene produces a potential 3-keto acyl
coenzyme A synthase, a protein that negatively
regulates stomatal development. In contrast to
the majority of plants, mutant hic plants respond
to high CO, levels by increasing their stomatal
density by as much as 42%. This is likely
because high CO, levels impair the signal
transduction system that normally controls
stomatal patterning [7]. Additionally, research by
Lake et al. [8] suggests that mature leaves limit
stomatal development in response to CO2.
Immature leaves get signals from mature leaves
about levels of CO2 and adjust their stomatal
growth according on those signals [8]

Abscisic acid, ethylene, and jasmonic acid may
all have a role in long-distance signaling,
according to new research using Arabidopsis
mutants; moreover, there are separate controls
for adaxial and abaxial stomatal responses [9].
Many Arabidopsis thaliana ecotypes and a broad
range of other species have their stomatal
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density reduced during growth in environments
with increased CO2 levels (Hetherington &
Woodward 2003; Woodward et al., [10]. In FACE
studies, the drop in gs with increased CO2 was
not due to a substantial change in stomatal
density Reid et al., [11] Marchi et al., [12] Tricker
etal., [13].

3. RESPONSE OF PHOTOSYNTHESIS TO
INCREASED CO2 CONCENTRATIONS

3.1 Quantity of Response

Ainsworth and Rogers (2007), Nowak et al. [14]
Ainsworth and Long (2005), Long et al. (2004)
and are just a few of the several publications that
have evaluated the reactions of photosynthesis
to increasing CO2 concentrations (Ainsworth and
Rogers, 2007). Ainsworth and Long (2005) and
Ainsworth and Rogers (2007) found that the
stimulation magnitude varied across the range of
plant functional types (PFTs) is as follows: trees
and C3 grasses exhibit the highest PFTs, shrubs,
C3 and C4 crops, and legumes have moderate
PFTs, and C4 grass has the lowest PFTs (despite
a negative response). Since plant species, PFTs,
and environmental factors such as nutrition and
water resource availability all play a role, the
stimulation by high CO2 levels may vary greatly
[15].

Also, C4 plants may enhance CO2 fixation while
using light more efficiently by avoiding
photorespiration (Long et al, 2006; von
Caemmerer and Furbank, [16]. High internal and
stomatal resistances, increased levels of starch,
diluted concentration of chlorophyll, and nitrogen
restriction are other potential outcomes of
photosynthetic adaptation to elevated CO2 levels
[17]. Carbohydrate accumulations, including
starch size and chloroplast number, may be
augmented under increasing CO2, in part
because the carbon substrate increases [18].
Nevertheless, a decrease in photosynthetic
capability may result from physical damage to
chloroplasts or feedback inhibition caused by an
overabundance of carbohydrates [19].

how plants adapt their photosynthetic processes
to higher concentrations of carbon dioxide (CO2),
especially when there is a nitrogen availability
deficit and the plants need to store more CO2 for
the long terms.

3.2 Molecular Mechanisms

Function of Rubisco Duarte et al. (2014),
Ainsworth Rogers (2007), and Long et al. (2004)
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all found that short-term increased CO2
stimulated photosynthesis in C3 species. This
finding was confirmed wunder almost all
experimental settings, including FACE.
Acclimation of photosynthesis capability may
occur with prolonged exposure to high CO2 or
other constraints; the specifics of this process
depend on the species, stage of development,
and environmental factors. According to research
by Eichelmann et al. [20] the enzyme Rubisco
regulates the rate of carbon fixation. Here, we
provide a brief overview of the five main
hypotheses that might account for Rubisco's
reaction to increasing CO2 levels.

An instantaneous rise in the Rubisco
carboxylation velocity may be caused by growing
CO2 levels, since there is an increase in the
availability of carbon substrate. (2) Carboxylation
and oxygenation are two inherent side
characteristics of Rubisco catalytic activity.
Ainsworth and Rogers (2007) found that at 25-C,
the oxygenation process may consume about

one-third of the ribulosel,5-bisphosphate
(RuBP), as the carboxylation rate is
approximately 2.2 times higher. Therefore,

increased CO2 levels can promote RuBP
carboxylation by up-regulating Rubisco's affinity
for CO2, and inhibit RuBP oxygenation (light-
dependent photorespiration) by down-regulating
Rubisco's affinity for O2.

4. RESPIRATORY RESPONSE TO
INCREASED CO2

4.1 Photorespiration

Decreased photosynthesis may result from
enhanced photo peroxidation in chloroplasts,
which can destroy chlorophyll and cause
membrane disintegration. The photosynthetic
machinery may be protected from oxidative
stress if photorespiration is limited by increased
CO02, which may also lower H202 products Zinta
et al., 2014; Watanabe et al., [21].

Since photorespiration prevents photo-oxidation,
it may work by increasing glutamine synthetase
(GS2) activity, which recycles ammonia and
reduces photo-oxidation and photo-inhibition
(Zinta et al., 2014). Another problem arises
because, as CO2 levels rise, photorespiration
decreases, which might counteract the protective
effect and cause more photo-oxidation than the
increased rate of carboxylation can sustain.
Research into climate change adaptation
strategies, such as modified photorespiration
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bioprocess manipulation, is necessary to address
this challenge [22].

5. INCREASED CO2 INTERACTIONS
WITH A VARIETY OF ABIOTIC
STRESSORS

Global warming is a growing problem that will
soon affect many parts of the biosphere,
including humans, animals, and plants. Extreme
weather events are a known risk to global food
supplies because they might disrupt agricultural
output, which is highly sensitive to weather
patterns. Significant fluctuations in worldwide
temperatures and precipitation patterns have the
potential to render agricultural plants susceptible
to both biotic and abiotic stresses, including
pathogens, vegetation, ozone, cold, intense light,
nutrients, and drought.

In addition, shifting weather patterns may need
new farming techniques, which in turn affect the
dynamics between plants and their parasites
[23]. For example, soil-borne ilinesses are more
common in areas where practices such as
stubble retention and limited tillage are utilized to
maintain soil moisture [24].

One of the main causes of global warming is
atmospheric CO2. Carbon dioxide levels in the
atmosphere increased from 280 ppm to 400 ppm
throughout the last century, coinciding with
industrialization and deforestation. By the end of
this century, experts anticipate that these levels
will reach 730 to 1000 ppm [1,25]. More and
more evidence points to the fact that eCO2, in
addition to its involvement in climate change,
may impact agricultural productivity in a number
of ways, both directly and indirectly. While it is
known that eCO2 can have positive effects on
crop production, especially in C3 plants, these
effects are highly dependent on nutrient and
water availability and were mainly studied when
stresses weren't present (AbdElgawad et al.,
2016; Becklin et al., [26] Ghini et al., [27] Gray
and Brady, [28].

Depending on the sort of interactions between
plants and parasites, eCO2 may have negative,
neutral, or even favorable effects on plant health.
As shown in numerous studies (Jwa and Walling,
2001; Godrial et al., [29] Mcelrone et al., [30]
Zavala et al., [31,32] Kobayashi et al., [33]
Sharma et al., 2016; Xie et al., [34] Vary et al.,
2015;), eCO2 can directly and/or indirectly affect
many aspects of host and parasite biology during
plant-biotic interactions.
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6. CONCLUSION

1. In general, when CO2 levels are high, the
Anet goes up. However, the specific
beneficial effects on different plant
functional groups and species are quite
species and functional group dependent.
For example, although C3 species are
predicted to be stimulated by increasing
CO2, C4 plants are the only ones that
would experience this effect under water
scarcity circumstances (caused by the
CCM). The CO2 enrichment of Rubisco
improves its ability to fix carbon, which is a
dual feature. Nevertheless, in the presence
of carbon sink restrictions and/or a
reduced ATP:ADP ratio, as well as diluted
N and excessive photosynthate buildup in
response to continuously increasing CO2,
the photosynthetic capability may be
downregulated.

2. While the amounts of structural
carbohydrates, lignin, and lipids stay
relatively constant. On the other hand,
CO2 enrichment improves the
concentration  of some  secondary
metabolites such phenolic acids, tannins,
and phenylpropanoids. Increased CO2
levels may reduce isoprene emissions
because photosynthetic metabolism
requires ATP and NADPH for equilibrium.

3. Under various environmental conditions,
elevated CO2 may reduce the negative
impacts of abiotic stresses by promoting
antioxidant defense metabolism,
decreasing photorespiration, increasing
resource use efficiency, and improving
photosynthesis.

7. POSSIBLE USES IN LIGHT OF FUTURE
CLIMATE CHANGE

Key metabolic processes in living organisms and
the feedback loops between them may be
affected by future climate change. To combat
future climate change, we may also use
biotechnological instruments like the protective
function against ROS.
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