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Abstract

Current knowledge about what the protective roles of elevated CO2 concentration (eCO2

PSII photochemistry and antioxidant capacity of Arabidopsis

aimed to investigate how eCO2

and lipid peroxidation in Arabidopsis thaliana srt2

2 heat 

srt2 

mutants were eliminated by eCO2 2

srt2 mutants. S 

2 

Arabidopsis. Interestingly, the eCO2

triggered alleviation against stress in srt2

(POX, APX, AsA/DHA and GSH redox state) of antioxidant systems point to increased H2O2

(123%) and srt2 mutant (40%). Both of the Arabidopsis plants experienced oxidative stress as proved by the high levels 

of lipid peroxidation. eCO2 under H stress resulted in remarkable decline in H2O2 accumulation, which contributed to 

srt2

eliminated eCO2
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Introduction

Histone deacetylases (HDACs) as chromatin regulators reg

ulate chromatin structure, metabolic activities, translation 

(Cui et al. 2023

of lysine residues in histones is essential for gene regulation 

NAD+

like (sirtuin) family (Ueda et al. 2017

showed that there are negative/positive regulation of the 

genes responsible for HDACs against stress conditions. For 

DNA binding activity of WRKY53 that is a transcription 

et al. 2020

expression switch is associated with the defense responses 

2017). Much needs to 

be investigated about the roles of HDACs on the adaptive 

plants under stress conditions.

Sirtuins are NAD+

belonging to histone deacetylases (Bruscalupi et al. 2023) 

and are present in nucleus, mitochondria, chloroplast and 

cytosol (Chen et al. 2015

are generally focused on the importance of gene expres

sion, DNA repair and, silencing in diabetes, obesity and, 

cancer and cell metabolism in mammals (Soccio et al. 

2018). Although mammalian and yeast sirtuins have been 

extensively reported in last decades, the information on 

plant sirtuins remains limited. Plant sirtuins have role in 

gametogenesis, ripening of fruits, photosynthetic activity, 

removal of oxidative damage and auxin signaling (Cucu

rachi et al. 2012 2015). In Arabidopsis, the 

(König et al. 2014 2015). It has been detected 

dependent on deacetylation of the proteins situated in inner 

synthase) (König et al. 2014

are involved in epigenetic regulation of gene expression 

related to stress response, energy/carbon metabolism and 

redox homeostasis in Arabidopsis, strawberry and rice (Liu 

et al. 2017 2017

sion in Arabidopsis (Grozinger et al. 2001). After sirtinol 

treatment (sirtuin deacetylase activity inhibitor), the nuclear 

abundance of OsGAPDH1, which is a typical glycolytic 

2017). 

hypersensitivity to abscisic acid, salt and osmotic stress (Liu 

et al. 2017

regulatory proteins involved in defense system in response 

to stress (König et al. 2014). On the other hand, srt2-1 and 

srt2-2 mutants showed a low germination rate under control 

2022). Considering all data, in case 

on water regulation, photosynthesis and antioxidant activity 

are still largely unknown in plants under stress conditions.

As well as epigenetic regulation, the basic plant process 

on atmospheric CO2 concentrations (aCO2), currently at 

about 385 µmol mol  (Wang et al. 2023). CO2 concentra

tions in atmosphere could nearly reach 800 µmol mol  as 

2023 2 levels 

(eCO2) triggered by global climate changes alter photosys

cuso 2020

with eCO2

with eCO2

activate more complex responses and defense pathways than 

2019a). High temperature stress 

protein oxidation, pigment composition, excitation energy 

on PSII and enzyme activity in plants (Jagadish et al. 2021). 

reactive oxygen species (ROS), which is scavenged through 

antioxidant defense system including superoxide dismutase 

peroxidase (APX). As a result of both stresses (heat and 

eCO2), plants try to resist damage by inducing arrangement 

et al. 2018

that eCO2 triggers biomass production of plants by regulat

photorespiration and hormonal pools under stress (Byeon 

et al. 2021). Rising CO2 levels alter the stomatal density 

and stomatal conductance and then can improve water use 

2020; 

2018

and, excessive ROS production and enhance photosynthetic 

CO2 2020). Selim et al. (2021) 

indicated a promotion in osmotic adjustment by accumulat

treated maize and barley plants under eCO2 conditions. 

2 with adverse 

conditions remain inconclusive in plants. Besides, there is a 
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sive processes together with eCO2 under extreme heat stress 

2 and heat 

stress on photosynthesis responses and antioxidant system 

2 under heat stress, sirtinol, an 

Arabidopsis was 

the interaction between ambient/elevated CO2 concentra

tions and sirtuins on water relations, PSII photochemistry, 

redox regulation and stress responses (ROS accumulation 

and srt2 Arabidopsis.

Materials and Methods

Plant Material and Experimental Design

Arabidopsis thaliana

srt2, SALK_149295C) seeds were 

obtained from NASC (European Arabidopsis Stock Center 

in Nottingham). After the germination process, Arabidop-

sis seeds were transferred to Murashige and Skoog (MS) 

medium (Murashige and Skoog 1962) in petri plate for 21 

d. Seedlings were grown in a controlled growth chamber 

under 400 ppm CO2 concentration, 16/8 h light/dark regime 

at 24 °C, 70% relative humidity and 350 µmol m  s  pho

A. thaliana 

seedlings were applied to heat stress, elevated CO2 levels 

(800 ppm) and sirtinol application (1 µM S). For heat stress, 

it reached the target temperature (36 °C) by increasing 4 °C 

in 4 hours (h), and A. thaliana plants were exposed to 36 °C 

for 24 h. During harvesting, the samples were immediately 

until further analyses. During the homogenization stage of 

according to the previous studies reported by Rizhsky et al. 

(2004), Swindell et al. (2007 2019). 

Arabidopsis plants were exposed the elevated CO2 concen

trations (800 ppm) as reported by Wei et al. (2022) and Li 

et al. (2022

involved in defense mechanisms and stress responses, 1 µM 

sirtinol application, sirtuin inhibitor, was applied to wild 

Arabidopsis.

Determination of Growth, Water Content and 
Proline Content

the procedure suggested by Hunt et al. (2002). After harvest, 

six leaves were obtained and their fresh weight (FW) was 

6 h and the turgid tissue was blotted dry prior to determin

(RWC) was calculated by the following formula (Smart and 

Bingham 1974

RWC (%) = [(FW-DW) / (TW-DW)] ×100

Pro content was calculated according to Bates et al. (1973). 

addition of acid ninhydrin and glacial acetic acid, the mix

toluene and the absorbance of fraction with toluene aspired 

Determination of Gas Exchange Parameters

yield of PSII photochemistry (Fv/Fm). Carbon assimila

tion rate (A), stomatal conductance (gs), intercellular CO2 

concentration (Ci) and transpiration rate (E) were measured 

with a portable gas exchange system (LCpro+; ADC, Hod

2019b).

Determination of Chlorophyll Fluorescence and OJIP 
Analysis

S1.

Determination of H2O2 Content and Lipid 
Peroxidation

Determination of H2O2 content was measured according to 

Liu et al. (2010

titanium reagent and then ammonium hydroxide was added 
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contents of ascorbate (AsA) and the oxidized form of ascor

bate (DHA, dehydroascorbate) were performed (Dutilleul et 

al. 2003

(GSSG) were determined (Paradiso et al. 2008). GSH redox 

state (GSH/GSH+GSSG) was calculated (Shi et al. 2013).

bands were visualized and analyzed by the Gel Doc XR+ 

units of SOD and 0.2 units of POX were used as standard 

amounts of enzymes.

Statistical Analysis

were used to ensure the normality assumption and the homo

repeated thrice independently and each data point was the 

mean of six replicates. All data obtained were subjected to a 

parisons with p

the parameters obtained from the OJIP analysis compared 

to the control group was depicted on the color scale from 

blue to red.

Results

Water Content, Proline Content and Growth

As shown in Fig. 1A, the elevated CO2 concentration 

(eCO2

while srt2 mutants showed only minor improvement. 

In response to heat stress (H), a reduction in RWC was 

srt2 mutant of Arabidopsis by 

28% and 20%, respectively. When compared to the stress 

alone, eCO2 Arabidopsis plants had the high levels 

of RWC by 24% and 19% increase (p

under both eCO2 and eCO2

srt2

Pro content during experimental period and the maximum 

decrement in Pro was in srt2 mutants (by a 34% decline) 

(Fig. 1B). While eCO2 under the control conditions did not 

observed under eCO2

measured at 410 nm. H2O2 concentrations were calculated 

using a standard curve prepared with known concentrations 

of H2O2.

Lipid peroxidation (thiobarbituric acid reactive sub

Rao and Sresty (2000

lated from the absorbance at 532 nm, and measurements 

 

cm .

Identification of Isozyme and/or Enzyme 
Compositions

14,000 g for 30 min. Supernatants were collected, and total 

protein contents were measured by Bradford (1976) method. 

interpret the isozyme action (Laemmli 1970

XR+ System was used to photograph stained gels and sub

Rad). For normalization, known enzyme standards are used 

in gels.

Identification of Isozyme and/or Enzyme 
Compositions

SOD (EC 1.15.1.1) isozyme/enzyme activities were mea

sured (Beauchamp and Fridovich 1971; Laemmli 1970). 

al. (1971

according to the method of Bergmeyer (1970). POX (EC 

1.11.1.7) isozymes/enzyme activities were measured (Her

zog and Fahimi 1973; Seevers et al. 1971

enzyme activity of NADPH oxidase (NOX, EC 1.6.3.1) was 

2002; Sagi and Fluhr 2001). 

2006; Ricci 

et al. 1984).

Identification of Enzyme/Non-enzyme Compositions 
Related to AsA-GSH Cycle

For enzyme or isozyme activity, APX (EC 1.11.1.11) and 

GR (EC 1.6.4.2) were measured (Foyer and Halliwell 1976; 

1993; Nakano and Asada 1981). Dehy

droascorbate reductase (DHAR; EC 1.8.5.1) and mono

dehydroascorbate reductase (MDHAR; EC 1.6.5.4) were 

assayed (Dalton et al. 1986; Miyake and Asada 1992
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treated with eCO2

ence of H stress caused a considerable decrease in A level 

srt2, but an 

2 plus 

H. In this treatment, the change in A of srt2 was similar to 

bon assimilation. When compared to eCO2+H, the allevia

2 against stress on A was eliminated by 

S application. As shown in Fig. 2C, when compared to the 

control plants, the elevated levels of CO2 in Arabidopsis 

i. H stress caused a decrement in 

Ci values of both Arabidopsis plants that detected the maxi

mum reduction in srt2 mutant by a 23% decline (p < 0.05). 

While no change in Ci of srt2 plants observed under 

eCO2+H as compared to the stress alone, eCO2 together 

mental period. However, no reaction in Ci was followed by 

S application under the control, stress or eCO2 conditions 

2 exposure, a decline in E levels 

was observed at similar levels in both wild type and mutant 

p < 0.05), respectively) 

(Fig. 2D). Similarly, in response to heat stress, E decreased 

and the maximum reduction was in srt2 mutants by a 63% 

decline. Under eCO2 or H conditions, S application did 

change in Pro content was detected compared to the control 

hand, in srt2 mutant, eCO2 application caused an induc

tion of Pro content under both the control and stress condi

tions. As detected in Fig. 1C, in the presence of eCO2, RGR 

srt2 Arabidopsis 

plants exhibited low levels of RGR. eCO2 had an allevia

increase (p

the low RGR levels under the control or stress treatment 

2 and eCO2+H, the reduced 

RGR was detected by S application.

Gas Exchange

Depending on eCO2 treatment, the decline rate in gs was 

srt2 plants (Fig. 2A). 

s was observed under H 

stress in Arabidopsis srt2 exposed 

to H stress had the high levels of gs by eCO2 application. In 

s occurred under S, eCO2+S or H + S 

compared to the control group, eCO2 or H, respectively. 

As detected in Fig. 2B, the carbon assimilation rate (A) 

Arabidopsis 

Fig. 1

and the relative growth rate (RGR, C) after the elevated CO2 exposure 

(eCO2

srt2) of Arabidopsis 

thaliana for 24 h. C S eCO2 2 

concentration; 800 ppm, eCO2+S 2 concentration + 1 

µM sirtinol, H H + S

eCO2+H 2 concentration + Heat stress, eCO2 + H + S

ppm CO2 concentration + Heat stress + 1 µM Sirtinol
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any change in A/Ci compared to the stress alone. Under the 

control conditions, S caused no alteration in A/Ci

plants. S addition to eCO2, H or eCO2

i.

Chlorophyll Fluorescence

As shown in Fig. 3 2 

treatment and the control group in Fv/Fm of both Arabidop-

sis plants. On the other hand, the decrease in Fv/Fo of Ara-

bidopsis was triggered with eCO2 application as compared 

to the control group (Fig. 3B). Heat stress inhibited Fv/Fm in 

srt2 mutants by 14% and 12% declines (p < 0.05). 

v/Fo srt2 

not alter E levels compared to the eCO2 or stress, respec

tively. On the other hand, the high levels of E induced by 

eCO2 Arabidop-

sis plants treated with eCO2 or stress treatment under the 

control conditions exhibited an increase in stomatal limi

tation (Ls) (Fig. 2E). However, compared with the control 

group, the limitation on stomata triggered by H treatment 

was removed by eCO2

2 

and eCO2

(A/Ci) reached the high levels in both Arabidopsis plants 

exposed to eCO2 application (Fig. 2 i 

srt2 mutant under stress. Inter

estingly, the combination of eCO2 and H stress did not show 

Fig. 2 Stomatal conductance (gs, A), carbon assimilation rate (A, B), 

intercellular CO2 concentrations (Ci, C), transpiration rate (E, D), 

stomatal limitation rate (Ls, E

Ci, F) after the elevated CO2 exposure (eCO2

srt2) of Arabidopsis thaliana

of groups was given in Fig. 1
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and PItotal under both Arabidopsis plants. On the other hand, 

o/RC, DIo o I 

J

the control group. In response to stress, these photosynthetic 

2 application. S addition 

2

these impacts on photosynthesis.

H2O2 Accumulation and Lipid Peroxidation

No alteration in H2O2 content (Fig. 5A) and lipid peroxida

5

srt2 mutants treated with eCO2. Stress caused an induc

tion in H2O2 accumulation in plants, which the enhance

ment rate in H2O2

(p < 0.05)) than in mutant plants. Similarly, compared to the 

srt2 mutants 

of Arabidopsis exhibited the high levels (25% and 80% 

increase (p 2 

application together with H stress decreased H2O2 content 

in both Arabidopsis

srt2

decline, respectively (Fig. 5 2O2 and 

in these contents.

mutants (Fig. 3B) and the maximum reduction (42%) was 

srt2 plants. A remarkable increment 

was measured in Fv/Fm and Fv/Fo 2 

together with H stress compared to the stress alone, but it 

did not observe in srt2 v/Fm and Fv/Fo 

was detected by S addition under control conditions, eCO2, 

H stress or eCO2+stress. As depicted in Fig. 3C, after eCO2 

exposure, only srt2 exhibited the high ratios of Fo/Fm during 

in Fo/Fm under stress and the value reached the maximum 

levels in srt2 Arabi-

dopsis plants treated with eCO2 plus H had lower Fo/Fm than 

p

not observe in srt2 mutants. On the other hand, the positive 

alteration in Fo/Fm

to S treatment under eCO2, H or eCO2+H.

PSII Photochemistry

As detected in Fig. 4, compare to the control group, the 

elevated levels of CO2

o o/RC, DIo o o

J and photosynthetic performance (PIABS and 

PItotal SRT2

o I J and decrease in 

o and photosynthetic performance under eCO2 condi

o/RC, 

o o o o o o, PIABS 

Fig. 3 v/Fm, A), 

v/Fo, B) and the physiological 

state of the photosynthetic apparatus (Fo/Fm, C) after the elevated CO2 

exposure (eCO2

srt2) of Ara-

bidopsis thaliana 1
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Arabidopsis

tained by eCO2 application together with stress compared 

2 under stress on SOD 

activity was parallel to the intensities of SOD isozymes. 

While S addition to eCO2

decreased SOD activity, no change was observed in plants 

with S, eCO2+S and HS compared to the control, eCO2 and 

stress alone, respectively. As shown in Fig. 6

srt2 was appeared 

during experimental period. eCO2 application did not cause 

Antioxidant Enzyme Activity

Figure 6A revealed that four SOD isozymes (one band for 

srt2 mutant) were detected in Arabidop-

sis leaves. After eCO2 exposure, there was an induction in 

total SOD activity in wild type and mutant (Fig. 6

srt2 mutant plants (Fig. 6B). Similarly, there 

Fig. 4

o

o/RC), QA

o o

of the trapped exciton to transfer an electron to the photosynthetic elec

o o)), QA  reducing reaction centers per 

sipation to the amount of active reaction center (DIo/RC), performance 

index based on the absorption of light energy (PIABS) and performance 

index for energy savings from excitons to the reduction of photosys

tem I and acceptors (PItotal) after the elevated CO2 exposure (eCO2

srt2) of Arabidopsis thaliana for 

S1 1

 

1 3

4489



Journal of Plant Growth Regulation (2026) 45:4482–4499

activity, when compared to the stress alone. In the wild 

type plants, the reduced POX activity was found when S 

applications together with eCO2 or eCO2+H stress. On the 

other hand, the presence of sirtinol increased POX activity 

after stress exposure by 25% increase (p < 0.05). During the 

(Fig. 7

ity in eCO2 srt2 mutant. Both APX enzyme activ

2 application. H stress 

suppressed the APX activity in both Arabidopsis plants 

(Fig. 7D), but the presence of eCO2 was removed the reduc

tion of this activity. After eCO2 or H stress exposure, S 

activity.

srt2 mutant, 

respectively (Fig. 8A). Result shown in Fig. 8B suggests 

that there is a trend towards increasing activity of GR 

6D). In response 

to H stress, srt2 leaves exhibited an increment in this activ

p

2 con

ditions remained the same level to the stress alone group. 

response to H stress, this activity decreased after S, eCO2+S 

or eCO2

As shown in Fig. 7A, in gel analysis for POX isoforms, 

Arabi-

dopsis Arabidopsis plants exposed 

to eCO2 had lower POX activity, as indicated by reduced 

intensity of POX1 band. However, this activity in srt2 

mutant was greater under eCO2 conditions as compared to 

the control group (Fig. 7

POX activities were recorded in both Arabidopsis plants 

2 and 

srt2 mutants caused the high POX 

Fig. 6

mutase isoenzymes (SOD, A) and total SOD activity (B), relative band 

C) and total 

D) after the elevated CO2 exposure (eCO2

srt2) of Arabidopsis thaliana

1

 

Fig. 5 Hydrogen peroxide content (H2O2, A) and lipid peroxidation 

B) after the elevated CO2 exposure (eCO2

srt2) of Arabidopsis thaliana

1
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Arabidopsis 

plants treated with eCO2 application (Fig. 8D), as support

ing the NOX isoform activities. In contrast to this result, it 

was found that after H exposure the high activity of NOX 

was observed in srt2 mutant. Similar to the total enzyme 

under stress group than that of the control one (Fig. 8C). A 

combined treatment of eCO2 and H stress in Arabidopsis. 

eCO2 Arabidopsis plants.

by native page analysis (Fig. 9A). eCO2

enzyme in srt2 mutant subjected to eCO2 application, but 

type cultivar treated with H stress had a higher GR activ

p < 0.05) 

(Fig. 8

tively (Fig. 8A). Only srt2 mutant protected the induced 

GR activity under the combination of eCO2 and H stress, 

as compared to the stress alone. S addition to the control 

2

bands in the Arabidopsis leaves, respectively (Fig. 8C). 

Fig. 8

tase isoenzymes (GR, A) and total GR activity (B), relative band inten

C) and 

total NOX activity (D) after the elevated CO2 exposure (eCO2

srt2) of Arabidopsis thaliana for 

1

 

Fig. 7

zymes (POX, A) and total POX activity (B), relative band intensity of 

C) and total 

APX activity (D) after the elevated CO2 exposure (eCO2

srt2) of Arabidopsis thaliana

1
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in srt2 mutant. Depending on these contents, the induced 

tAsA/DHA levels were calculated in these treatment group 

(Fig. 10E). While the lower contents on tAsA and DHA 

were detected under H stress, both Arabidopsis plants had 

of eCO2

p

2 and eCO2+H applications 

on this ratio (Fig. 10

sured in GSH and GSSG contents of eCO2 Arabi-

dopsis, except for GSSG content in srt2 mutant as compared 

to the control group (Fig. 10F and G). While GSH content 

decreased in the presence of stress, GSSG content triggered 

in both Arabidopsis plants. When based on these contents, 

GSH/GSSG and GSH redox state (Fig. 10H) was dropped 

by stress treatment. Interestingly, during the experimental 

plants with eCO2+H application as compared to the stress 

alone. So, eCO2

was an opposite stimulation in srt2 mutant, which reached 

the maximum levels in GSH/GSSG and GSH redox state 

p < 0.05), respectively. S addi

tion to eCO2

9

srt2 

 protein) 

was recorded in eCO2

increase (p

eCO2

this result, eCO2 application under H stress conditions had 

Arabidopsis plants. eCO2 application caused an increase 

p < 0.05). 

2 levels against H stress protected 

the induced GPX activity. S addition decreased this protec

tion in eCO2

After eCO2 exposure, MDHAR and DHAR activities 

10A) and srt2 mutants (Fig. 10B), 

respectively. Both MDHAR and DHAR were suppressed by 

and DHAR of srt2

suppressed MDHAR and DHAR activities was increased 

by eCO2

eCO2

tion. As shown in Fig. 10C and D, only eCO2

plants exhibited the high contents of tAsA and DHA, but not 

Fig. 9

A B) and total glu

tathione peroxidase activity (GPX, C) after the elevated CO2 exposure 

(eCO2

srt2) of Arabidopsis 

thaliana for 24 h (h)

 

1 3

4492



Journal of Plant Growth Regulation (2026) 45:4482–4499

and E levels of Arabidopsis plants exposed to H stress were 

products are related to reduction in RGR, as in the present 

study. On the other hand, Hollender and Liu (2008), König 

et al. (2014) and Cucurachi et al. (2012) reported that sirtu

ins function in mitochondrial energy metabolism, regulation 

of photosynthetic activity and auxin synthesis and, its trans

port. Our results proved that sirtinol (S) supplementation, a 

which could relate to the auxin impairment. S application 

further reduced RGR when applied with both stress and 

eCO2

Considering eCO2+S, H + S and eCO2 + H + S treatments, 

GSH/GSSG and GSH redox state were similar to the eCO2, 

H or eCO2+H.

Discussion

Growth, Water Management and Gas Exchange

in gas exchange components, such as stomatal conductance 

and transpiration rate, and biomass in plants (Ulfat et al. 

2024). Consistent with this view, in our study, the lower gs 

Fig. 10 Monodehydroascorbate reductase activity (MDHAR, A), 

dehydroascorbate reductase activity (DHAR, B), total ascorbate 

content (tAsA, C), dehydroascorbate content (DHA, D), glutathione 

content (GSH, E), oxidized glutathione content (GSSG, G), and GSH 

redox state (H) after the elevated CO2 exposure (eCO2

srt2) of Arabidopsis thaliana

1
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(2024) in Ormosia hosiei, it might be the reason that eCO2 

concentration could promote carbon and nitrogen accumu

lation in plants exposed to stress. Abuelsoud et al. (2023) 

explained that eCO2 promotes the sink strength and alloca

tion of carbon and sugar content, which provide the neces

sary energy for division and expansion of cells and growth. 

Some studies reported the growth induction mediated by 

the elevated CO2 levels via increased photosynthetic activ

ity (Byeon et al. 2021 2020), while the other 

studies explained the higher growth rate through water sta

tus (Liu et al. 2019; Wei et al. 2021) under the control or 

stress conditions. Our study determined that eCO2 enhances 

water relations of both Arabidopsis plants under heat stress 

because eCO2 permits a greater osmotic adjustment capac

ity (increased Pro content) and a greater carbon supply 

from increased photosynthesis in spite of inductions in gs 

and E. In response to eCO2 plus stress in the wild type of 

Arabidopsis

tion rate (A) was parallel to increased growth levels (RGR), 

as proved by Han et al. (2023

the increases in gs and transpiration rate (improve the water 

thus allowing higher RWC levels.

PSII Photochemistry

(Fv/Fm

tion energy is captured by opened reaction centers of PSII 

in the stressed plants (Jat et al. 2024). In the present study, 

srt2 mutant plants exhibited a 

damage in the donor side of PSII and uncontrolled heat dis

as evidenced by reduced Fm and Fv levels and high Fo val

ues. In wild type cultivar of Arabidopsis

vated CO2 levels increase protected PSII from higher excess 

in excitation energy depending on heat stress, as showed 

through the higher Fv/Fm and Fv/Fo o/Fm 

of wild type plants of Arabidopsis associated with eCO2

H stress. Interestingly, in spite of increasing in gs and E 

of srt2 mutant plants treated with eCO2 and H stress, the 

remained levels of Ci i) 

and decreased stomatal limitation rate could be explain 

unchanged status on Fv/Fm, Fv/Fo and Fo/Fm as compared 

to the stress alone. Besides, no observation increased in Fm 

2 srt2 

mutants, which means no improvement in the pool size of 

QA

srt2 mutant, the 

by Wang et al. (2024

growth of cultivated strawberry as well as resistance against 

heat stress. Besides, this growth decrease was related to 

2 levels have important impacts on 

carbon availability, photosynthesis, antioxidant systems 

plants (Shokat et al. 2021). Interestingly, Cai et al. (2020) 

reported decreases gs in the presence of eCO2, consistent 

synthetic acclimation. Yang et al. (2023) also found that 

gs was initially lower in tomato plants grown under eCO2 

compared to the control group, consistent with the common 

phenomenon that eCO2 triggers stomatal closure thus low

ering gs. In the present study, the lowered gs and E levels 

showed conserved water status in Arabidopsis plants grown 

under eCO2 conditions resulting in a better RWC levels. 

2 by a reduction in gs of both 

wild type and mutant plants of Arabidopsis could be a con

showing that eCO2

et al. 2020). As mentioned by Wang et al. (2020), eCO2

reduced gs levels caused an enhancement resistance to entry 

of CO2

results of Ci and A that under eCO2 conditions against H 

stress, the higher Ci levels depending on stomatal opening 

(as showing increased gs) induced the assimilation rates 

High gs values could permit Arabidopsis leaves cooling 

through evapotranspiration; which is associated with eCO2 

tolerance against heat stress. In spite of induced gs lev

els, the high endogenous water status (increased RWC) in 

both Arabidopsis 2 plus stress could 

explain with preserving water channel activity and Pro 

accumulation. In protecting the osmotic homeostasis of the 

an important player (Abuelsoud et al. 2023

indicated a positive correlation between RWC and Pro con

eCO2 helped the Arabidopsis plants to increasing tolerance 

against heat stress by stabilizing the antioxidant capacity. 

Gong et al. (2023) revealed that eCO2 could enhance Pro 

Arabidopsis mutants, high proline accumulation 

also contributed to water regulation under stress or control 

conditions. Liu et al. (2017) reported that overexpression of 

in Arabidopsis plants. Similar to RWC content, eCO2 could 

remove the restriction on growth (RGR) mediated by heat 

stress in Arabidopsis cultivars. As discussed by Wei et al. 
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ROS Accumulation and Antioxidant Capacity

sis and an induction in light excitation energy, In this 

case, overexcitation of the photosynthetic pigments in the 

tus led to excessive excitation energy in PSII, leading to 

2018

ascorbate and glutathione (Khalid et al. 2023). Our results 

GR) and reduced levels (POX, APX, AsA/DHA and GSH 

redox state) point to increased H2O2 accumulation, which 

srt2 mutant of 

Arabidopsis Arabidopsis plants experi

enced oxidative stress as proved by the high levels of lipid 

2022) indicated 

Arabidop-

sis were higher in srt2-1 and srt2-2 than that of wild type 

plants. Previous data indicated the increased activity of anti

oxidant enzymes under combined treatment of eCO2 and 

heat stress (Shokat et al. 2021). Elevated CO2 suppresses 

2014) and results in less ROS 

(mostly H2O2

et al. 2021 2018) found that eCO2

related to increased levels of sugar, amino acids and anti

oxidant capacity. Our data on SOD activity, which is the 

that eCO2 Arabidopsis

srt2) had a dismutation of O2  to H2O2 by increased SOD 

activity. Similarly, our results clearly showed a remarkable 

decline regarding H2O2 accumulation, which contributed 

to POX and AsA regeneration (increased APX, MDHAR, 

GSH redox status (induced APX, GR, MDHAR, DHAR, 

AsA/DHA and GSH/GSSG) in srt2 mutant plants. While, in 

this study, POX activity was dominant enzyme for scaveng

ing H2O2 content in eCO2 plus H stress in both Arabidopsis 

plants, a contrary trend is reported by Wang et al. (2023), 

2 and lead 

stress in Oryza sativa. As well as induced antioxidant activ

2022) indicated 

ing of H2O2 Arabidopsis 

plants, which is resulted in reduced excessive H2O2 accu

mulation. As connection with this data, Atsrt2-1 mutants 

exhibited a reduction in H2O2 accumulation by suppress

elevated treatment of CO2 did not contribute to the allevia

tion in excessive excitation energy of PSII under H stress. 

in srt2 mutants were proved by exogenous application of 

srt2 mutant 

indicated that the elevated CO2 levels eliminated the nega

of Arabidopsis

eCO2

Vitis vinifera is reported in regulation of gene transcript lev

els and to be indirectly related to photosynthesis (Cucurachi 

et al. 2012). Previous reports showed a connection between 

reduced active states of Rubisco activase and transcript lev

els for the small subunit of rubisco (rbcS) under eCO2 and 

stress conditions (Doron et al. 2020; Wei et al. 2022

srt2 mutants 

of Arabidopsis Arabidopsis plants, the 

decrease in photosynthetic machinery and active PSII 

reaction centers, which is in line with that of Yamori et al. 

(2014 o o/RC, DIo I 

J supported the increased number of inactive reac

B of reduced QA  in the 

presence of stress conditions. As a parallel to the increased 

carbon assimilation levels (A) and carboxylation rate (A/

Ci), eCO2 condition independent of H stress could stimulate 

the demand of electron utilization in electron transport sys

tem of photosynthesis, which leads to reduced leakage of 

electrons from transport system. Also, eCO2 together with H 

per reaction centers, less damaged water splitting complex 

in PSII and trapping rate of absorbed photons, as proved by 

o/RC, DIo o/RC, performance indexes 

(PIABS and PItotal) when compared to the stress alone. In our 

the photoprotection in eCO2

reported by Kalaji et al. (2016 2022) on 

photosynthetic potential of PSII was in consonance with the 

present results. Under H stress, eCO2 triggered the better 

than that of srt2

as the srt2 gene interacting with proteins related to photo

systems (PSI or PSII).
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in srt2 mutant plants activated POX, AsA and GSH redox 

status (induced APX, GR, MDHAR, DHAR, AsA/DHA and 

GSH/GSSG). Collectively, these responses contributed to a 

scavenging under stress conditions.
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