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Abstract. To study the photosynthesis, stomatal conductance, endogenous hormones and organic acid
regulation in leaves of rice seedlings under elevated CO,, rice were exposed to different CO;
concentrations (400+20 pmol mol?, AA; 60020 umol mol?, LEC; 800+20 umol mol™?, HEC) for 7 days.
The results showed that: The elevated CO, increased IAA (Indole-3-acetic acid, IAA), ZT (Zeatin, ZT)
and GAs (Gibberellins Az, GA3) contents significantly (p<0.05), which regulated the increasing P
(Light-saturated net photosynthesis rate, P,) and Fv/Fm (Maximum quantum yield of PSII photochemistry,
Fv/Fm); Gs (Stomatal conductance, Gs) and Tr (Transpiration rate, Tr) were all decreased significantly
(p<0.05), while ABA (Abscisic acid, ABA) content also decreased, but JA (Jasmonic acid, JA) content
increased significantly (p<0.05) under EC. Perhaps, the movements of stoma were connected with JA in
some degree, but not ABA; IAA/ABA, GAs/ABA and ZT/ABA were all increased under EC, indicating
the promoting effects of photosynthesis. JA/GA3 decreased under LEC, but increased under HEC, which
regulated the elevated Pn under LEC, and severe closure of stomata under HEC. The contents of oxalic
acid, tartaric acid, acetic acid, malic acid, lactic acid, fumaric acid and succinic acid significantly
decreased (P<0.05) in leaves, but contents of citric acid showed no significant difference with AA under
HEC, indicating that the TCA cycle rate slowed down.
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Introduction

The accumulating CO level has increased over two-fold since the industrial
revolution (Guo et al., 2017). This resulted mainly from emissions of fossil fuel burning
and net land use change (IPCC, 2013). As the carbon donor of plant photosynthesis, the
increase of atmospheric CO2 concentration is beneficial to the photosynthesis of plants,
but decreases stomatal conductance and transpiration rate of leaves (Wang et al., 2019).
Stomata play a major role in controlling CO> uptake for photosynthesis and water
release by transpiration (Tanaka et al., 2013). Endogenous hormones of plants are
micro-signal molecules involved in their metabolism. The guard cells are sensitive to
environmental factors such as light, temperature, water and CO>, which in turn means
that they transmit information through changes in plant endogenous hormone levels,
such as ABA which is always believed to be an important hormone that decreases the
stomatal aperture (McAdam et al., 2011). Study have shown that in addition to ABA
receptors, there are also 1AA receptors in the guard cells, and the effect of high auxin
concentrations on stomatal closure may be related to the regulation of anion channels on
membrane of guard cells (Marten, 1991). In recent years, as new endogenous hormones,
JAs and SA has received extensive attention. JA can promote stomatal closure and
prevent stomatal opening in orchids and other plants (Gehring et al., 1997). JA and its
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precursor linolenic acid (linolenic acid, LA) can reduce the transpiration rate of tomato
(Herde et al., 1997). SA (Salicylic acid, SA) also can decrease the stomatal aperture
under certain conditions (Manthe et al., 1992). Plant responses usually regulated by the
balance of different hormones, not just the concentration of a single hormone.
Synergistic or antagonistic interactions among the different hormone groups add to the
complexity of the hormonal system in higher plants (Wilhelm, 2015). Recently,
physiologists of plant have provided lots of examples of links between activities of
various hormones, that is called ‘‘crosstalk’’, such as JA is involved in crosstalk with
SA, auxin, GA and ABA. Common organic acids include citric acid, oxalic acid, acetic
acid, fumaric acid, lactic acid, malic acid, succinic acid, tartaric acid, etc., which can
regulate various physiological metabolic processes of plants (Dakora and Phillips, 2002).
Most of the organic acids come from the tricarboxylic acid cycle (TCA), including some
intermediates of glyoxylic acid cycle and can reduce the toxicity of plants to a certain
extent (Javed et al., 2017; Fu et al., 2018). At present, most studies focus on organic
acids secreted by roots, there are few studies on the changes of organic acids contents in
plants and under elevated CO> environment, so the objective of this study was to
measure stomatal conductance, changes of endogenous hormones (including ABA, GAs,
IAA, JA, SA and ZT) contents and organic acids (including oxalate, tartarate, malate,
lactate, acetate, citate, succinate and frumarate) contents of rice seedlings (Oryza sativa
L.) leaves, so as to know the physiological mechanism response of plants to changed
atmosphere environment and provide theoretical basis for the plant growth and crop
cultivation in the future.

Materials and Methods
Plant materials and treatments

The uniform and healthy rice seeds (Beijing 2, which has been widely planted in
Liaoning province, China) were sterilized, rinsed, and germinated in the dark. The
germinating seeds were transferred to beakers containing Hoagland solution (Hoagland
and Arnon, 1950). Seedlings were maintained in an artificial climate chamber (14/10 h
light/dark period, 28/22°C day/night, 80% relative air humidity and 800 umol m2 s*
photosynthetic photon flux density) until to the two-leaves-stage. Then the rice
seedlings were divided into three groups: (1) AA, rice seedlings cultured under CO>
concentration of 400+20 pmol mol™. (2) LEC, rice seedlings cultured under CO;
concentration of 600+20 umol mol™. (3) HEC, rice seedlings cultured under CO;
concentration of 800+20 pumol mol™. All the rice seedlings were cultured for 7 days,
then were measured for gas exchange parameters, Chlorophyll a fluorescence parameter
(Fv/Fm), hormones contents and organic acids contents. Three repeats were selected
randomly in each pot (3 pots/treatment, a total of 9 repeats/treatment).

Growth parameters measurements

Plant height and taproot length were measured using a scale. The sampling plant was
divided into the aboveground part and the underground part from the stem base, and the
fresh weight was weighed. The plants that have been weighed fresh were placed in an
oven at 120°C for 6 hours, and then placed at 80°C for 2 hours, and dried until the
weight does not change. The dry weight was weighed. Each treatment group was
repeated for 3 groups, and 10 plants were selected from each group for average value.
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Gas exchange parameters measurements

Light-saturated net photosynthesis rate (Pn), transpiration rate (Tr) and stomatal
conductance (Gs) were recorded under saturated light between 09:00 and 11:00 by a
portable photosynthesis system (LI-6400, Li-Cor Inc., Lincoln NE, USA).

Chlorophyll a fluorescence measurements

Chlorophyll a fluorescence parameter (Fv/Fm, maximum quantum vyield of PSII
photochemistry) was measured after 20-minute dark-adaption of leaves, using a portable
fluorometer (Handy-PEA, Hansatech, England).

Extraction and analysis of hormones

Rice seedling leaves were homogenized by methanol and cross-chain polyvinyl
pyrrolidone (PVPP) in an ice tray. The homogenate was immersed and extract in a
refrigerator at 4°C for 12 hours, then centrifuged for supernatant. The residue was
extracted for 3 times using the same method and the supernatant is merged. The
supernatant was placed in a 4°C incubator (dark) to blow dry. The dry sample was
dissolved with 100% methanol then centrifuged for supernatant. The supernatant was
firstly filtered through 0.45 pm nylon filters and secondly through 0.22 pm nylon filters,
then stored at 4°C. Samples were analyzed using an Agilent 1200 HPLC equipped with
a reverse phase C18 column (250x4.6 mm).

The column was operated at 35°C. Isocratic Elution was carried at a flow rate of
0.8 mL/min. The injection volume was 20 pL, with methanol/acetic acid/distilled water
(45:0.8:54.2, viviv) as the mobile phase. Chromatograms were acquired at 254 nm with
standards for ABA, ZT, SA, IAA and GAgz (purchased from Sigma Aldrich).

The column was operated at 30°C. Isocratic Elution was carried out at a flow rate of
0.3 mL/min. The injection volume was 20 pL, with methanol/formic acid/distilled water
(65:0.035:34.965, v/v/v) as the mobile phase. Chromatogram was acquired at 254 nm
with standard for JA (purchased from Sigma Aldrich) (Jensen and Junttila, 1982; Hou et
al., 2008).

Extraction and analysis of organic acids

0.5 g of rice seedlings leaves were put into a mortar, and 3ml of distilled water was
added to grind them to the homogenate at the same time, treated with ultrasonic for
30 min (25°C), then water bath for 15 min (75°C), centrifugally take the supernatant.
Filtered supernatant in a disposable filter with an aperture of 0.45 pum, and then filtered
it with an aperture of 0.22 um, and stored it in a refrigerator with a temperature of 4°C.
Samples were analyzed using an Agilent1200 HPLC equipped with a reverse phase C18
column (250%4.6 mm).

The column was operated at 35°C. Isocratic Elution was carried at a flow rate of
0.8 mL/min. The injection volume was 20 uL, with 0.01 mM H2SOas/methanol (96:4,
v/v) as the mobile phase. Chromatograms were acquired at 210 nm with standards for
oxalate, tartarate, malate, lactate, acetate, citate, succinate and frumarate (purchased
from Sigma Aldrich) (Lodi and Rossin, 1995; Zhen et al., 2000).
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Statistical analysis

ANOVA was carried out to analyze all sets of data using SPSS 20.0 computer
package and the Tukey test at 5% probability Levels were used to compare the means.
Sample variability is given as the standard deviation (S.D.) for presentation.

Results
Effects of elevated CO on plant growth parameters

The plant height and root length were significant (p<0.05) increased by 12.3%, 9.3%
and 10.7%, 7.1%, respectively under LEC and HEC compared with AA. The fresh
weight of the aboveground part significant (p<0.05) increased by 10.9% and 12.1%, and
the fresh weight of the underground part significant (p<0.05) increased by 50.7% and
70.3% under LEC and HEC, compared with AA. Compared with AA, the underground
dry weight of was significant (p<0.05) increased by 57.6% and 80.4%, and the dry
weight of aboveground part was significant (p<0.05) increased by 19.1% and 27.4%
under LEC and HEC (Fig. 1).
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Figure 1. Effects of CO, treatments on plant growth parameters of rice seedlings. The rice
seedlings were cultured under different CO, concentrations (400+20 umol mol™, AA; 60020
umol mol™, LEC; 800+20 umol mol*, HEC). The bars indicated standard error. The
significance differences were marked as abc at P < 0.05 (Tukey test). The following figures are
consistent with this figure. (n = 30)

Effects of elevated CO2 on Pn, Fv/Fm, gs and Tr

Pn was significantly (p<0.05) increased under LEC and HEC compared with AA.
The maximum difference (about 19.1%) was recorded under LEC; Fv/Fm was only
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significantly (p<0.05) increased under LEC, but not HEC compared with AA. LEC and
HEC decreased Gs and Tr significantly (p<0.05) compared to the control, and Gs and Tr
were lower under HEC than under LEC (Fig. 2).
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Figure 2. Effects of CO; treatments on Pn, Fv/Fm, Gs and Tr of rice seedlings. Light-saturated
net photosynthesis rate, Pn; Maximum quantum yield of PSII photochemistry, Fv/Fm; Stomatal
conductance, Gs; Transpiration rate, Tr. (n=9)

Effects of elevated CO. on endogenous hormones contents

Compare to control, ZT, GAz and JA contents were increased significantly (p<0.05)
under LEC and HEC, but IAA content increased significantly (p<0.05) only under LEC.
The maximum value of ZT, IAA and GAz contents were under LEC. There are no
significant different of SA content under every treatment. Compared with AA, ABA
content decreased (about 36.3%) significantly (p<0.05) under HEC (Fig. 3).

Effects of elevated CO- on ratio of endogenous hormones

IAA/ABA, GA3/ABA, ZT/ABA, JA/ABA and JA/SA all increased under elevated
CO_, compared to control. The maximum value of IAA/ABA and GAs/ABA were under
LEC, while the maximum value of ZT/ABA, JA/ABA and JA/SA were under HEC.
JA/GA:; decreased under LEC and increased under HEC, compared with AA (Fig. 4).

Effects of elevated CO on organic acids contents

In leaves of rice seedlings, compared with AA, there were no significant difference
of oxalic acid, citric acid, tartaric acid and acetic acid contents under LEC, but contents
of malic acid, lactic acid, fumaric acid and succinic acid significantly decreased (P<0.05)
by 20.1%, 28.9%, 24.7% and 37.5%, respectively. Under HEC, contents of oxalic acid,
tartaric acid, acetic acid, malic acid, lactic acid, fumaric acid and succinic acid
significantly decreased (P<0.05) by 0.9%, 22.2%, 32.0%, 25.0%, 33.5%, 33.2% and
58.5%, respectively, but contents of citric acid showed no significant difference with
AA (Fig. 5).
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Figure 3. Effects of CO- treatments on the contents of endogenous hormones in leaves of rice
seedlings. (n=9)
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Figure 4. Effects of CO, treatments on endogenous hormones ratios in leaves of rice seedlings.
(n=9)
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Figure 5. Effects of CO, treatments on the contents of organic acids in leaves of rice seedlings.
(n=9)

Discussion
Growth parameters of rice seedlings under elevated CO>

Plant growth parameters are the most intuitive measurement indexes to reflect the
external characteristics of plants. High concentration of CO. can promote the growth of
root and shoot of plant seedlings, thicken leaves, increase crop yield, water use
efficiency and biomass (Kimball et al., 1995; Ainsworth, 2008). This study showed that
compared with the control, plant height, root length, fresh weight and dry weight of rice
seedlings under LEC and HEC were significantly (p<0.05) increased, which was
consistent with the previous research results (Cure and Acock, 1986). This may be
because in high CO2 environment, the growth of rice roots is promoted to varying
degrees, which can increase the contact area with nutrients, resulting in a significant
increase in water and nutrients absorbed, and speed up the transport of water and
inorganic salts from underground parts to aboveground parts, thus increasing plant
height, root length, fresh weight and dry weight (Rogers et al., 1996).

Stomatal conductance and photosynthesis changes under elevated CO-

It has been reported that high CO> can stimulate Pn in Cz plants (Panigrahi et al.,
2016; Lahive et al., 2017). We have also reported elevated CO; increased Pn and Fv/Fm
of Q. mongolica leaves generally in two growing seasons, but decreased Gs and Tr
slightly (Wang et al., 2019). However, the short-term CO.-sensing mechanism in guard
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cells to elevated CO: is still unknown. In this study, P, was significantly (p<0.05)
increased under LEC and HEC, and the maximum difference (about 19.1%) was
recorded under LEC, while Fv/Fm also only significantly (p<0.05) increased under LEC,
but not HEC, compared with AA. That means the light reaction of photosynthesis was
not promoted more under high CO. concentration. Elevated CO; decreased Gs and Tr
significantly (p<0.05), and the values were lower under HEC than under LEC. That
means high CO; contentions can cause the partly closure of stomata of rice leaves.

Endogenous hormones contents change under elevated CO>

Environmental signals can modulate plant responses to the changed environments
through changes in hormone concentrations and ratios. Endogenous hormones of plant
are trace signaling molecules involved in plant metabolism, they can also regulate the
whole process of plant growth and development, including the stomatal conductance. In
this study, ZT, GAsz and JA contents were all increased significantly (p<0.05) under
elevated CO2, 1AA content also increased significantly (p<0.05), but only under LEC.
ABA content decreased (about 36.3%) significantly (p<0.05) under HEC. There is no
significant difference of SA contents under every treatment.

We have studied, elevated CO; increased 1AA, GAs contents, but decreased ABA
content (Li et al., 2011). IAA is the predominant auxin in most plants, with higher levels
in young growing tissues (Bartel, 1997). It has also been reported that IAA content was
elevated 56.6% in leaves of tomato seedlings when the CO_ concentration changed from
350 to 800 umol/mol (Wang et al., 2009). Since P, and Fv/Fm were increased under the
elevated CO> in our study. Photosynthetic products, such as glucose can induce 1AA
synthesis pathways in Arabidopsis thaliana through sugar signals (Sairanen et al., 2012).
GAs can also regulate plant growth through integrating multiple signals, and GA3z in
leaves can also be increased under elevated CO; (Teng et al., 2006). In our study, IAA
and GAgz contents were all increased under LEC compared with control, but decreased
under HEC compared with LEC. That may be resulted in the unchanged Pn between
LEC and HEC in rice leaves. Moreover, Fv/Fm even showed no significant change
between AC and HEC. Tazoe and Santrucek (2015) reported that stomatal closure
induced by elevated CO2 might be mediated by ABA levels, in our study, high CO>
contentions caused the partly closure of stomata of rice leaves, but ABA content
decreased (about 36.3%) significantly (p<0.05) under HEC. That showed CO>-mediated
stomatal closure does not require ABA, which are the same with some researches
(Koornneef et al., 1982; Léon-Kloosterziel et al., 1996). In addition, the elevated CO>
can increase Pn and promote the accumulation of sugars, that maybe make the negative
regulation of ABA signaling pathways (Tsai and Gazzarrini, 2014).

JA and SA can participate in the regulation of diverse processes in plants, including
growth, photosynthesis and reproductive development (Tariq et al., 2010; Claus, 2015).
The partly stomatal closure regulated by JA has been found in some kinds of plants,
such as vicia faba and barley (Tsonev et al., 1998; Liu et al., 2007). In this experiment,
JA contents increased, but Gs and Tr decreased significantly under LEC and HEC,
compared with AA. Maybe, the movements of stoma connected with JA in some degree,
but not ABA. Some study has showed that the increasing levels of SA can increase in
the growth of the plants (Tariqg et al., 2010). The SA-enhanced growth of the plants
might be associated with the regulatory effects of SA on cell growth and division (El-
Tayeb, 2005). Moreover, SA inhibits the breakdown of ribulose-1,5-bisphosphate
carboxylase/oxygenase, rubisco, in association with the changes in net photosynthetic
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rate, and content of sugars (Chandra and Bhatt, 1998). But other study's results showed
that SA induced growth reduction (Manthe et al., 1992). In our study, there were no
significant change of SA contents showed, even though, Pn had increased significantly
under elevated CO», compared with control.

Cytokinins regulate the synthesis of pigments and structural proteins necessary for
the formation of the chloroplast thylakoid system and the photosynthetic system, also
act as respiration stabilizers, and as a kind of endogenous cytokines, ZT can promote
effects of cell division, budding and lateral shoot formation, enhancement of metabolic
sinks, as well as inhibition of apical dominance and root development (Kaminek, 2015).
In our study, Pn and ZT all increased significantly (p<0.05) under EC, and Fv/Fm
increased under LEC. It is the same with the research have showed the increasing
photosynthetic activity, the leaf area and the quantum efficiency of the PS Il
photochemistry induced by cytokinins (Moura et al., 2017). While, the increase in
transpiration rate (E) or stomatal opening by cytokinins has been reported in leaves of
some plant species (PospiSilova and Dodd, 2005), but in our study, Gs was decrease
under EC, that maybe resulted in the different species of plants.

Endogenous hormones Ratios changes under elevated CO;

Plant growth regulators can be used highly flexibly for the ‘‘fine-tuning’’ of crop
plants under largely uncontrollable and unpredictable environmental conditions.
“True’” plant growth regulators interfere directly with the plant’s hormonal status.
Synergistic or antagonistic interactions among the different hormone groups add to the
complexity of the hormonal system in higher plants (Wilhelm, 2015). Usually, IAA, ZT
and GAz are growth-promoting hormones, and ABA is growth-inhibiting hormone. In
our study, IAA/ABA, GA3z/ABA and ZT/ABA were all increased by the elevated COy,
indicated the promoting effects of photosynthesis and growth, that consistent with the
results of our previous studies (Li et al., 2011). We also find IAA/ABA and GAs;/ABA
were higher under LEC than HEC, that maybe result in the unchanged Pn between LEC
and HEC.

JA is involved in cross-talks (links between activities of various hormones) with
ABA, SA and GA (Claus, 2015). In our study, the increased JA/ABA ratio under EC
maybe result in the increased Pn and decreased Gs, the unchanged SA content may
result in the increase of JA/SA ratio under EC. Researches showed GA-mediated
growth, accompanied by weakening of JA-mediated growth inhibition and defense
responses. We can find that JA/GA decreased under LEC but increased under HEC,
which perhaps because the elevated Pn under LEC, and the severe closure of stomata
under HEC.

Organic acids contents changes under elevated CO-

Organic acids are directly or indirectly involved in other metabolic processes,
including carbon and nitrogen metabolism, regulating cytoplasmic pH and osmotic
potential, and balancing the charge of excess absorption of cations (Lopez-Bucio et al.,
2000; Igamberdiev, 2018). Due to the central role of organic acids in cell metabolism,
their synthesis and concentration are strictly controlled. In the cytoplasm, the
concentration of organic acids is relatively stable. But in vacuoles, organic acid
concentrations often vary with the environment in response to nutrient availability and
metabolic activity (Gerhardt et al., 1987). In our study, the contents of organic acids
decreased in leaves of rice under EC.
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Some organic acids (citric acid, succinic acid, fumaric acid, malic acid) are present in
all cells and are intermediates in the TCA cycle. In our result, the content of citric acid
in leaves of rice seedlings decreased compared with AA, the difference is not significant.
The increases of CO, concentrations promote plants photosynthesis, while chloroplast is
the place of photosynthesis. The metabolism of organic acids in plants is related to IDH
(isocitrate dehydrogenase, IDH), and the increase of chloroplast activity may lead to the
increase of NAHP-IDH distribution, thus promoting the decomposition of citric acid
(Hodges et al., 2003; Lemaitre et al., 2007). In addition, citric acid can be secreted from
the cytosol to the rhizosphere, preventing excess citric acid from accumulating in
vacuoles (Langlade, 2002).

This study showed that succinic acid contents in leaves of rice seedlings decreased
under HEC. Succinic acid is produced by SSA (succinic hemialdehyde, SSA) following
the action of SSADH (succinate hemialdehyde dehydrogenase, SSADH), a key enzyme
in the GABA (y-aminobutyric acid, GABA) metabolic pathway involved in plant
defense against environmental stress (Michaeli et al., 2011; Podlesakova et al., 2018).
However, the increase of CO2 concentration promotes the growth and development of
plants, so SSADH perhaps is kept at a low level, that may result in the decrease of
succinic acid synthesis.

Studies have shown that fumarate appears to behave as both a temporary carbon sink
for photosynthate similar to starch (Pracharoenwattana et al., 2010). In carrot cells
growing on malate as the carbon source, it was discovered that the malate was first
converted into fumarate by a fumarase secreted from the cells and then fumarate was
taken up and used for growth (Kim and Lee, 2002). In this study, the contents of
fumaric acids in leaves decreased significantly under EC, possibly because fumaric
acids acted as a temporary carbon sink of photosynthetic product for plant growth,
which result the according decrease of fumaric acid contents under EC.

Malic acid, as an important intermediate, is involved in a series of physiological
mechanisms in plants (Fernie and Martinoia, 2009; Santelia and Lawson, 2016). Malic
acid also plays an important role in the opening and closing of leaf stomata (Raschke,
2003; Lee et al., 2008). In common, malic acid can decrease the stomatal aperture. In
this study, malic acid contents of rice seedlings decreased under EC, which may be
related to the change of stomata. In another, the decrease of malic acid contents perhaps
because the more malic enzymes in chloroplasts of plants, which can catalyze malic
acid in cells to produce CO; through decarboxylation to provide NADPH for C3 cycle,
so as to improve the photosynthetic efficiency of plants (Rangel et al., 2010).

The metabolism of oxalic acid may be related to the photorespiration glycolic acid
pathway and the metabolism of ascorbic acid, isocitrate and oxaloacetic acid
(Franceschi, 1987; Horner et al., 2000). It is generally believed that leaves are important
sites for the synthesis of oxalic acid (Wagner and Loewus, 1973). Studies have shown
that oxalic acids synthesis is related to photorespiration and inhibition of
photorespiration can block further oxalic acid accumulation (Fujii, 1994). In this study,
oxalic acid content decreased significantly under HEC, possibly because the high CO-
inhibited the photorespiration of rice. The accumulation of lactic acid in mature root
tissues and the secretion of protons from cytosol to rhizosphere in hypoxic environment
not only induced the changes of metabolism and pH value of rhizosphere, but also acted
as the role of acidification and detoxification and preventing the accumulation of excess
lactic acid in vacuole (Xia and Roberts, 1994; Langlade, 2002); glycolic acid oxidation
pathway is a special glycolytic pathway in rice root system. Under the condition of
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insufficient oxygen supply in rice root, part of acetyl-CoA in root does not enter TCA
cycle, but forms acetic acid. Acetic acid is catalyzed by glycolate oxidase to form
glycolic acid, and then oxalic acid and formic acid are formed. Meanwhile, reducing
substances in the root are oxidized to ensure the physiological function of the root. In
our study, there was no low O environment, so the lactic acid and acetic acid contents
decreased significantly under EC respectively, which may be an adaptation to the CO-
environment. Tartaric acid can detoxify, promote the growth of plants under
environmental stress (Chen et al., 2017; Riaz et al., 2018). However, the increase of
atmospheric CO> concentration itself can promote the plant growth, it does not need too
much tartaric acid to assist the growth and content of tartaric acid decreased
significantly under HEC.

Conclusions

In the present study, rice seedlings leaves were used to study the changes of
photosynthesis, stomatal conductance, endogenous hormones and organic acids contents
under elevated CO,. The main results show: Under EC, P, and Fv/Fm were increased,
but Gs and Tr were decreased significantly (p<0.05), the partly closure of stomata in
rice leaves were induced. IAA, ZT and GAs contents were all increased significantly
(p<0.05) under EC, which resulted in the increased Pn. ABA content decreased under
HEC, but JA content increased significantly (p<0.05) under EC, Maybe, the movements
of stoma connected with JA in some degree, but not ABA. There are no significant
changes of SA contents under EC. In our study, IAA/ABA, GAs/ABA and ZT/ABA
were all increased under EC, indicated the promoting effects of photosynthesis and
growth. The increased JA/ABA under EC maybe result in the increased Pn and
decreased Gs. JA/SA increased under EC, and JA/GA decreased under LEC but
increased under HEC, which perhaps because the elevated Pn under LEC, and the
severe closure of stomata under HEC. The contents of oxalic acid, tartaric acid, acetic
acid, malic acid, lactic acid, fumaric acid and succinic acid significantly decreased
(P<0.05) in leaves of rice seedlings under HEC. The variation of organic acids may be a
mechanism of plant response to high CO2 environment. The contents of organic acids in
the TCA cycle decreased, such as malic acid and fumaric acid, indicating that the TCA
cycle rate slowed down. And the organic acids, those with detoxifying effects, such as
tartaric acid and oxalic acid significantly decreased (P<0.05) under HEC. In the future
study, the intrinsic molecular mechanism changes of endogenous hormones and organic
acids regulation should be concerned. Studies on its metabolome and transcriptome are
ongoing.
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