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Nitric Oxide Alleviates the Adverse Effects of Salt Stress in Cyclocarya paliurus
Seedlings by Activating Chlorophyll fluorescence, Photosynthesis and Enhancing

Antioxidant Systems

Phyo Min Han, Staff Officer
Forest Research Institute

Abstract

The effects of sodium nitroprusside (SNP, a nitric oxide donor) and salt stress on physiological
parameters of Cyclocarya paliurus seedlings were investigated. The experiment was conducted
to analyze leaves gas exchange parameters, chlorophyll fluorescence, and contents, dry
biomass, Malondialdehyde (MDA) content, and activities of superoxide dismutase (SOD),
peroxidase (POD), and catalase (CAT) of C. paliurus under 0.2 % and 0.4 % NaCl with and
without 0.5 mmol NO.The exposure of C. paliurus seedlings to salt conditions resulted in
reducing dry biomass, which was associated with the decrease in leaf gas exchange and an
increase in MDA content. The foliar application of nitric oxide effectively decreased the
chlorophyll (Chl-a, b, a+b, and a/b) contents, Fv/Fm, qP, ETR, and ®PSII, whereas enhanced
the activities of SOD, CAT, and POD under 0.2% and 0.4 % NaCl conditions. These changes
increased the capacity of C. paliurus seedlings in acclimating to salt stress and thus increased
the content of nonphotochemical chlorophyll fluorescence quenching (NPQ). However,
compared to the plants under 0.2% and 0.4% NaCl stress, the dry biomass did not differ
significantly from NO-treated plants under the corresponding NaCl stress.The exogenous
application of nitric oxide in C. paliurus seedlings could alleviate salt stress by enhancing the
chlorophyll contents and activity of antioxidative enzyme activities and lipid peroxidation
process, and activating the photosynthetic process.

Keywords: Cyclocarya paliurus, leaves gas exchange, chlorophyll fluorescence, biomass,

Malondialdehyde (MDA), antioxidative enzymes.
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Nitric Oxide Alleviates the Adverse Effects of Salt Stress in Cyclocarya
paliurus Seedlings by Activating Chlorophyll Fluorescence, Photosynthesis
and Enhancing Antioxidant Systems

1. Introduction

China, total forest area of 208 million hectares and the forest coverage is 21.63% of the
total land area and the fifth largest forest area around the world (State Forestry Administration
of China, 2013). Nevertheless, the forest area per capita is only 0.123 hectare, less than one-
fourth of the world’s average (Wan, 2009) because its population is the largest around the world
with over 1.3 billion. With economic up-and-coming, China has undergone tremendous
increase in food, appurtenance, traditional medicine uses, wood consumption and estimated to
triple between 2008 and 2020 (He et al., 2011). China had been establishing large areas of
forest plantations annually and the total area of forest plantations has reached 69.33 million
hectares (State Forestry Administration of China, 2013), that accounts for over one third of the
total world’s forest plantations in 2013 and to satisfy some of increasing high timber
consumption and traditional medicinal uses that had been launched first-growing, valuable
medicine and high-yielding plantation projects since 2001. As a highly valued and multiple-
function tree species, Cyclocarya paliurus (Batal) Iljinskaja belongs to the Juglandaceae family,
and is naturally distributed in the mountainous regions of subtropical China (Fang et al., 2006).
Many scientific paper had demonstrated that C. paliurus not only has a great potential for fine
timber production (Deng et al., 2014) but also the extracts of its leaves also possess a variety
of bioactivities, such as hypoglycemic activities (Kurihara et al., 2003; Wang et al., 2013), anti-
hyperlipidemia (Yao et al., 2015), anti-HIV-1(Zhang et al., 2010), antioxidant (Wang et al.,
2013; Xie et al., 2010) and anticancer (Xie et al., 2013). Therefore, a huge production of leaves
is required for C. paliurus tea production and medical use. Though, most of the C. paliurus
resources are distributed in natural forests, and there are not sufficient C. paliurus plantations
for leaf production (Fang et al., 2011). Possessing to its numerous beneficial effects on human
health, a huge production of leaves is required for C. paliurus tea production and for medical
use. Currently, C. paliurus can be only propagated from seeds, but the seeds have pronounced
dormancy (Fang et al., 2006), and about 75% seeds are “empty” due to the asynchronous
flowering period (Fu et al., 2010). Most studies on C. paliurus were focused on extraction
procedures and low molecular weight substances, such as triterpenoid, flavonoids, steroids,
saponins, and other compounds present in this plant, whereas less attention was paid to the
silvics of the species (Deng et al., 2012, 2015). Thus, large-scale leaf-harvesting plantations of
this species have been established in recent years, and cultivation technologies including
optimizing soil and environmental stress have been carried out (Deng et al., 2012; Liu et al.,
2016). Stresses such as salinity, drought and cold before leaf harvest could increase
camptothecins concentration in C.paliurus leaves, while such stresses would inhibit the growth
of C. paliurus and decrease the accumulation of leaves biomass. Therefore, it is necessary to
determine the optimum environment factors for better growth of C. paliurus and high dry
biomass production.

The abiotic environment is serious to the proper growth of plants, and abiotic stresses
can negatively impact a plant’s ability to increase in a given environment. Salinity is one of the
major environment limitations on plant yield and distribution. Salt stress is one of the major
abiotic stress factors that limit plant growth and productivity (Allakhverdiev et al., 2000). Salt
stress alters various biochemical and physiological responses in plants, thereby affecting almost
all plant processes (Igbal et al., 2006). The major effects of salinity are significant reductions
in growth, such as decreased leaf area, leaf length and root and shoot dry biomass (Saleh, 2012).



High salt stress can also restrict photosynthesis by decreasing the abundance of green pigments
and causing stomatal closure and oxidative stress. Salt stress affects plant photosynthesis,
chlorophyll fluorescence and contents and photosynthesis pigments in the short or long term.
The short-term effect happens within a few hours to one or two days when exposed to salt stress.
This reaction is critical. Carbon assimilation immobile entirely during this period. However,
the long term effect happens after a few days when the plant was exposed to salt stress (Parida
et al., 2005). Due to the accumulation of salt in the leaf, the assimilation of carbon decreased
noticeably (Munns et al., 1986). Nitric Oxide (NO) is also studied in plant responses to many
environmental stresses. NO is a small, highly diffusible gas and an abundant bioactive molecule.
Its chemical properties make NO an adaptable signal molecule that functions through
interactions with cellular targets via either redox or additive chemistry (Lamattina et al., 2003).
In recent years, there has been increasing evidence that NO is involved many key physiological
and morphological processes of plants, such as photosynthesis, chlorophyll fluorescence and
photosynthesis pigments mitochondrial functionality (Zottini et al., 2002) and floral regulation
(He et al., 2004). Additionally, NO can consider plant regulators and Reactive Oxygen Species
(ROS) metabolism, and many experiments have shown it is included in signal transduction
(Desikan et al., 2004; Mata et al., 2001; Neill et al., 2002; Seregelyse et al., 2003).

To control the level of ROS and to protect the cells, plants possess a number of low-
molecular-weight antioxidants (ascorbate, glutathione, phenolic compound, tocopherols) and
enzymes (SOD, CAT and POD) scavenging ROS and regenerating the active forms of
antioxidants. Under normal conditions, ROS production and scavenging is well regulated. In
this way, this enzyme system can eliminate the damaging effects of toxic oxygen species (Chen
et al., 1989; Nunez et al., 2003). The role of antioxidant enzymes as the components of the
main tolerance mechanisms developed in response to different environmental extremes has
already been shown. Many studies showed a correlation between the resistance to
environmental stresses and the efficiency of the antioxidant system (Demirel et al., 2005). ROS
causes chlorophyll degradation and membrane lipid peroxidation, reducing membrane fluidity
and selectivity. Chlorophyll loss, lipid peroxidation measured as MDA (Malondialdehyde
(MDA), a product of lipid peroxidation) content, and electrolyte leakage are considered to be
indicators of oxidative damage (Dhindsa et al., 1981; Wise et al., 1987). Therefore, the purpose
of this study was to investigate the effects of exogenous nitric oxide application on C. paliurus
seedlings under 0.2% and 0.4% NaCl conditions by analyzing the leaves gas exchange,
chlorophyll fluorescence and content, biomass, lipid peroxidation, and antioxidative enzyme
activity.

2. Rationale of the study

It has been estimated that 90% of all arable land is exposed to significant environmental
stresses including salinity, drought, low or high temperature, heavy metal exposure, high light
levels and herbicides (Pinho dos Reis et al., 2012). Up to 70% of plant growth and productivity
can be impacted by these factors (Mantri et al., 2012). It is widely accepted that environmental
stress is one of the most important factors that impact on photosynthesis and chlorophyll
fluorescence rate in plants. In China, there is a total of about (27 x 10°) ha of saline soil, of
which coastal land accounts for 8 % (Yao et al., 2009a). Salinity is one of the important factors
affecting growth and metabolic responses of plants throughout the world (Deinlein et al. 2014).
High salinity affects plant growth and development through physiological water stress
conditions, ion toxicity (Castillo et al., 2015) and accumulation of reactive oxygen species
(ROS) that causes protein denaturation, lipid peroxidation, DNA damage, and inhibition of
enzymes (Moradi et al., 2007; Sharma et al., 2012). C. paliurus naturally grows in the



mountainous region (Yao et al., 2009b) and highly sensitive to salt condition compared to most
of halophytes (Yao et al., 2009). The salinity for most of coastal lands is approximate 85 mM
or so, therefore, it is inevitable to ameliorate the salt-tolerant ability of C. paliurus in order to
effectively promote its planting in saline or coastal areas. High salinity concentrations in plants
also generate changes in plant productivity (Doganlar et al., 2010; Hasegawa et al., 2000),
nutrient imbalances (Ashraf, 2009), accumulation of osmoprotective compounds, such as
proline (Bohnert et al., 1995), and changes in nitric oxide (NO) content (Zhang et al., 2001).

Two main plant metabolites used as biomarkers to salinity stress are proline and nitric
oxide (NO). NO is a signaling molecule produced as a physiological response in plants under
stress conditions (Kausar et al., 2013; Lamattina et al., 2003). Generally, the rise in NO levels
in response to stress conditions is accompanied by another group of molecules called reactive
oxygen species (ROS), some of which, particularly H>O,, are also involved in multiple
signaling pathways (Neill et al., 2002). It is involved in several physiological processes that
include germination, root growth, stomata closing, and adaptive response to biotic and abiotic
stresses (Delledonne 2005; Delledonne et al., 1998; Neill et al., 2008). NO acts as an
antioxidant during different stress situations, increasing under NaCl stress. This indicates that
nitrosative stress could participate in damage mechanisms produced by abiotic toxic conditions
(Lopez et al., 2008), although not many studies are available in this regard (Siddiqui et al.,
2011).Various mechanisms contribute to NO-induced increase of salt tolerance. First, NO
might be involved in increasing the antioxidant content and antioxidant enzyme activity to
scavenge ROS. Second, NO might increase risk element accumulation in root cell walls and
decrease the risk element accumulation in the soluble cell fraction to maintain the cellular redox
homeostasis and regulation of the leaves (Panda et al., 2011; Manai et al., 2014). Finally, NO
could function as a signaling molecule in the cascade of events leading to changes in gene
expression under risk element stress (Xiong et al., 2009). However, an access amounts of NO
may interact with O™ to form peroxynitrite (ONOQO"), which has been reported to damage
lipids, proteins and nucleic acids. Nevertheless, O>~ and H>O> are more toxic than NO and
ONOQO'. This type of dual roles of NO as a potent oxidant or effective antioxidant generally
depends on the status of the environments (Panda et al., 2011) and also contents.

Many papers had been published that photosynthetic ability of chloroplast is
discouraged to salt stress that it’s lead to instability of the pigment protein complexes,
destruction of chlorophyll fluorescence, reduce in photosynthetic rate, lipid peroxidation,
photosynthesis pigments and activities of antioxidant enzyme and change composition of
carotenoids and in the quality (Dubey, 1997). Plants growing under saline conditions
experience high light stress, and photoinhibition is known to damage PSII (Ashraf et al., 2004).
Measurements of chlorophyll fluorescence provide quantitative information about
photosynthesis through noninvasive means (Lichtenthaler, 1996). Fv/Fm ratio gives an
estimate of the maximum quantum efficiency of PSII photochemistry (Baker et al., 2004) and
has been widely used to detect stress induced perturbations in the photosynthetic apparatus
(Sixto et al., 2006; Weng et al., 2005).

3. Objective

The main objective of this study is to elucidate leaf gas exchange, chlorophyll
fluorescence and contents, dry biomass, lipid peroxidation, and activities of antioxidant
enzyme alternation with the mechanism of nitric oxide in C. paliurus seedlings under salt stress
condition.

The specific objectives are:



- To know whether exogenous NO could act as a regulator of antioxidant intervention
strategy in preventing salt stress to improve the oxidation capacity.

- To get a better understanding of how plants adjusts to an adverse environment.

- To alleviation of NO with leaf gas exchange, chlorophyll fluorescence and contents,
dry biomass, lipid peroxidation, and activities of antioxidant enzyme under increase
salt-stress.

4. Materials and methods
4.1 Study area

The experiment was carried out during 2019 in Baima Teaching and Scientific Research
Base of Nanjing Forestry University (31 © 59 "N, 119 © 18 " E). The study area was located at
Lishui Town, Jiangsu Province, which is subjected to subtropical monsoon climate featured
with four distinct seasons. The area has a warm temperate climate with an average growing
season of 232 frost-free days. Annual average sunshine hours are 2146 h, mean annual
precipitation is 1037 mm and mean annual air temperature is 15.5 °C. The soil is clay loam of
moderate fertility, with organic matter content of about 1.07 %, a pH value of 5.9, total nitrogen
content of 0.09 %, available P and K contents of 9.1 and 75.5 mg kg™! respectively, and Ca and
Mg contents of 0.29 and 0.06 % respectively. The water table is about 1.0 m and the bulk
density of soil to 1.0 mis 1.41g cm™.

4.2 Plant materials

One-year-old C. paliurus seedlings were used as research material. Seeds of C. paliurus
were collected in late October 2018 from Yanling (26 °48 'N, 113 © 77 ' E) of Hunan province,
and were subjected to chemical scarification, exogenous gibberellin A3 (GA3) treatments, and
stratification treatments in early January 2019, according to the method proposed by (Fang et
al., 2006). After a 3 month stratification treatment, the germinated seeds were sown in
containers, and then transplanted into the greenhouse. The average seedlings size was 0.6 cm
diameter and 48 cm height.

4.3 Experimental design

All seedlings were treated 3 days of NO (before salt treatment) and 30 days of NaCl.
Three replicates were for each treatment. There were 30 plants for each replicate, totally 90
plants. Salt treatments were conducted from June 2019; plants were divided into five treatments
consisting of two salt concentrations (0.2 % and 0.4% NaCl) and 0.5 mmol SNP concentrations
as a nitric oxide (NO) donor. The five treatments were as follows: T1 (distilled water without
NO), T2 (distilled water with 0.2% NaCl), T3 (0.2% NaCl with 0.5 mmol NO), T4 (distilled
water with 0.4% NaCl) and T5 (0.4% NaCl with 0.5 mmol NO).

4.4  Measurement of leave gas exchange

The healthy and fully developed leaves from a randomly selected branch were used for
the gas exchange measurements using a portable photosynthesis measuring instrument (CIRAS
- 2) equipped with a 6400-05 conifer chamber at concentration of 400 pmol "' CO2, 21% O,
and 50% relative humidity with a natural light source. The temperature of the chamber was
maintained at 29-32° C. Photosynthetic das exchange measurements were made during 9:00
AM to 10:30 AM when the light intensity was between 1200-1600 umol m™ s™'. But light was



not the limitation for photosynthesis in these gas exchange measurements.

4.5 Determination of chlorophyll fluorescence and contents

Leaf chlorophyll concentration and chlorophyll fluorescence were measure using a
Pulse Amplitude Modulation (PAM) fluorometer. The fluorescence parameters Fo, Finax and Fy/
Fmax Will analyze (Schreiber, et al. 1994). The minimum fluorescence (Fo) will obtain with
modulate low intensity light (<0.1 pmol m™ s™') so as not to affect the variable fluorescence.
The maximal fluorescence (Fmax) was determined by a 0.8 s long saturating light pulse (180
pumol m s™). The variable fluorescence (Fy) was determined by the difference between Fo and
Fiax Fyv/Fmax ratio, obtained from the Fy and Fmax, represents the activity of PSII and was used
to assess the functional damage to the plants (Schreiber et al., 1994).

A total of 0.1 g of leaf disc was weighted, placed into a test tube, and then repeatedly
extracted with 8 mL of 95% (V/V) ethanol. The chlorophyll contents were extracted at 4 ° C
for 48 h in the darkness. The absorbance of the supernatant was measured at 646 and 663 nm.
The chlorophyll a (Chl-a) and chlorophyll b (Chl-b) concentration was determined according
to the methods of Lichtenthaler, 1987.

4.6. Determination of Lipid peroxidation and antioxidant enzymes activities

Lipid peroxidation was measured as the amount of MDA determined by the
thiobarbituric acid (TBA) reaction (Heath et al., 1968). Frozen samples were homogenized
with a prechilled mortar and pestle with two volumes of ice-cold 0.1% (w/v) TCA and
centrifuged for 15 min at 15000 g. Assay mixture containing 1 ml of the supernatant and 2 ml
of 0.5 % (w/v) TBA in 20% (w/v) TCA was heated at 95°C for 30 min and then rapidly cooled
in an ice bath. After centrifugation (10,000 g for 10 min at 4°C), the supernatant absorbance
was read at 532 nm, and the values corresponding to nonspecific absorption (600 nm) were
subtracted. Lipid peroxidation products were measured as the content of TBA-reactive
substances. The MDA content was calculated according to the molar extinction coefficient of
155/ (mM cm).

The enzymes were extracted at 4° C from approximately 0.3 g of tissue from the second
leaves using a mortar and pestle with 5 mL of extraction buffer, containing 0.1 mol phosphate
buffer (pH 7.8), 0.1 mol ethylenediaminetetraacetic acid (EDTA), and 1%
polyvinylpyrrolidone (PVP). The extracts were centrifuged at 6000 x g for 30 min, and the
supernatants were used for the enzyme assays.

The superoxide dismutase (SOD) activity was assayed by the inhibition of the
photochemical reduction of B-nitroblue tetrazolium chloride (NBT). The reaction mixture (3
mL) consisted of 50 mol potassium phosphate buffer (pH 7.8) containing 0.3 pumol EDTA,
39.15 pmol methionine, 0.225 pumol nitroblue tetrazolium, 0.006 umol riboflavin, and 0.05 mL
of enzyme extract. The reaction was conducted for 15 min at 25° C under 4000 | x. One unit of
SOD activity was defined as the amount of enzyme that inhibited the NBT reduction by 50%
at 560 nm (Costa et al., 2002).

The CAT activity was assayed by monitoring the disappearance of hydrogen peroxide
(H202) (Fu et al., 2001). This disappearance can be detected by measuring the decrease in the
absorbance at 240 nm of a reaction mixture consisting of 1.5 mL of 50 mmol sodium phosphate
buffer (pH 7.8), 0.3 mL of 100 mmol H>O», and 0.2 mL of enzyme extract. One CAT unit was
defined as the amount of enzyme that was necessary to decompose 1 mmol H2O; per minute
under the aforementioned assay conditions, and the specific activity was expressed as Ug’



"TFWmin™.

The POD activity was determined based on guaiacol oxidation measured at 470 nm
(Gonzalez, et al., 2003). The reaction mixture (3 mL) contained 0.05 mL of enzyme extract,
2.75 mL of 50 mmol phosphate buffer (pH 7.0), 0.1 mL of 1% H>0O, and 0.1 mL of a 4%
guaiacol solution. The increase in absorbance at 470 nm due to guaiacol oxidation was recorded
for 2 min. One unit of enzyme activity was defined as the amount of the enzyme that caused a

change of 0.01 absorbance unit per minute. The specific POD activity was expressed as Ug”
1 |
FWmin™.

4.7  Determination of Dry Biomass

After the treatments of 30 days, one intact plant from each replicate of treatments was
sampled for biomass analysis. The green plant tissues were oven-dried at 65° C to a constant
weight and weighted using an electronic scale to determine the biomass.

4.8 Statistical Analysis

All results were subjected to one-way analysis of variance (ANOVA) and the least
significant difference (LSD) was calculated to separate the means and evaluated significant
treatment effects at a significance level of P < 0.05 by using SPSS 20.0 statistical software.
Before analysis, all data were tested for normality and all data met the normality distribution.
Excel and Microsoft Office (2013) were used for the assessment of the significance of the data.

5. Result
5.1. Leave gas exchange parameters of C. paliurus seedling

Salt stress reduced the leave gas exchange parameters, with decreases in the net
assimilation rate (Pn), the intercellular CO, (Ci), transpiration rate (Tr), and stomatal
conductance (Gs) of the leave 25.48 % (P<0.05), 7.2 % (P<0.05), 9.59 % (P<0.05) and 23.46 %
(P<0.05) respectively, under 0.2% NaCl conditions and 49.04 %, 17.1 %, 18.49 %, and 48.15 %
under 0.4 % NaCl conditions, respectively (Table 1). The NO treatment decreased the Pn, Ci,
Tr and Gs in leave under salt stress. The Pn, Ci, Tr and Gs in NO-treated plants decreased by
approximately not only 19.11 %, 3.01 %, 4.11 % and 19.14 % respectively, under 0.2 % NaCl
conditions and but also decreased 47.13 %, 12.47 %, 6.85%, and 45.68 %, respectively, under
0.4% NaCl conditions compared with non NaCl and NO treated plants.

Table 1.Effects of salinity and nitric oxide on the net photosynthesis rate (Pn), internal carbon
dioxide concentration (Ci), transpiration rate (Tr) and stomatal conductance (Gs) of
C. paliurus seedlings. Mean value + Standard Deviation are showed. Different 1

Gas exchange parameters of C. paliurus seedlings (umol m 2 s )

Treatment Pn Ci Tr Gs
T1 1.57+0.21 a 310.00£5.00 a 1.46+0.16 a 1.62+0.12a
T2 1.17+0.12b 287.67+2.52b 1.32+£0.02 a 1.24+0.09b
T3 1.27+0.15b 300.67+£5.13 a 1.40+0.10 a 1.31£0.06 b
T4 0.8+0.10c¢ 257.00+3.61d 1.19+0.01 ab 0.84 £0.09 ¢
T5 0.83+0.05¢ 271.33+9.87 ¢ 1.36 £0.01 a 0.88+0.03 ¢

Note: T1 (distilled water without NO), T2 (distilled water with 0.2% NaCl), T3 (0.2% NaCl
with 0.5 mmol NO), T4 (distilled water with 0.4% NaCl) and T5 (0.4% NaCl with 0.5 mmol
NO).



5.2 Chlorophyll fluorescence and contents

As shown in Table 2, salt stress reduced the chlorophyll fluorescence in C. paliurus
seedlings, with decreases in the ratio of variable fluorescence over the maximum fluorescence
value (Fv/Fm), photochemical quenching (qP), electron transport rate (ETR), and actual
photochemical efficiency of PSII (OPSII) of the leaves of 16.04 % (P<0.05), 11.63 % (P<0.05),
8.51 % (P<0.05), and 20% (P<0.05) respectively, under 0.2% NaCl conditions and 25.47%,
22.09 %, 25.53%, and 40% respectively under 0.4% NaCl conditions. Moreover, the non-
photochemical quenching (NPQ) was significantly increased under 0.2 % and 0.4 % NaCl and
0.5mmol NO conditions (P<0.05) compared as without 0.2 % and 0.4 % NaCl and 0.5mmol
NO conditions. The nitric oxide treatment decreased the Fv/Fm, qP, ETR, and ®PSII of the
leaves 5.66 %, 1.16 %, 4.26 % and 0.01 %, respectively, under 0.2 % NaCl concentrations and
also decreased 17.92 %, 9.3 %, 12.76 % and 30 % respectively under 0.4 % NacCl.

Chlorophyll is a biologically important pigments that is used for the photosynthetic
conversion of inorganic molecules or ions into organic bio-molecules. Variations in the levels
of photosynthetic pigments, including Chl-a, Chl-b, Chl- a+b, and Chl- a/b were evaluated in
C. paliurus seedlings under different level of NaCl and NO conditions seen in Table 3. Salt
stress caused a decrease in the Chl-a, Chl-b, Chl-a+b, and Chl- a/b content compared with that
of the non-salt-treated seedlings. The content of Chl-b, and Chl-a+b content decreased by
50.28 % P<0.05) and 33.23% (P<0.05) respectively and Chl-a and Chl-a/b content increased
by 1.23% (P<0.05) and 153.33% (P<0.05), respectively, under 0.2 % NaCl conditions. Under
0.4% NacCl, Chl-a, Chl-b, Chl-a+b decreased by 37.04%, 55.87% and 50% respectively and
increased Chl-a/b content as 53.33% compared as without 0.2% and 0.4 % NaCl and 0.5 mmol
NO. The foliar spray of NO under salt stress conditions significantly reduced the decreases in
the contents of Chl-a, Chl-b, Chl-a+b, and Chl-a/b by approximately 41.98 %, 25.7 %, 30.77 %,
and 20% respectively under 0.2 % saline conditions and decreased also 16.05%, 56.42 %,
43.46 % and increased 95.55 % respectively, under 0.4 % NaCl conditions compared that of
the non 0.2 % and 0.4 % NaCl and 0.5 mmol NO seen in Table (3). However, the NO treatment
affect the contents of Chl-a, Chl-b, Chl-a+b, and Chl-a/b compared with those of the NO- and
distilled water-treated seedlings (P<0.05).

Table 2. Effects of salinity and nitric oxide a ratio of variable fluorescence over the maximum
fluorescence value (Fv/Fm), photochemical quenching (qP), non-photochemical
quenching (NPQ), electron transport rate (ETR), and actual photochemical efficiency

of PS
Chlorophyll fluorescence parameters of C. paliurus seedlings (umol m 2 s 1)
Treatment Fv/Fm NPQ qP ETR ®PSII

T1 1.06 £0.16a 0.24+0.05¢ 0.86+0.03a 094+005a 0.10+0.00a
T2 0.89+0.02b 0.50+0.42c 0.76+0.04b 086+0.04ab 0.08+0.00Db
T3 1.00£0.10a  0.30+0.08d 0.85+0.04a 090+006a 0.10+0.01a
T4 0.79+001c 0.84+0.12a 0.67+0.05¢ 0.70£0.03¢ 0.06+0.00c
TS5 0.87+0.01b 062+020b 0.78+0.07b 0.82+0.04b 0.07+0.00 bc

Note: T1 (distilled water without NO), T2 (distilled water with 0.2% NaCl), T3 (0.2% NacCl
with 0.5 mmol NO), T4 (distilled water with 0.4% NaCl) and T5 (0.4% NaCl with 0.5 mmol
NO).



Table 3. Effects of salinity and nitric oxide on Chlorophyll a (Chl-a), Chlorophyll b (Chl-b),
Chlorophyll a+b (Chl-a+b) and Chlorophyll a: b (Chl-a/b) of C. paliurus seedlings.
Mean value + Standard Deviation are showed. Different letters within a row indicate

Chlorophyll contents of C. paliurus seedlings (umol m % s 1)

Treatment

Chl-a Chl-b Chl-a+b Chl-a/b
T1 0.81+0.18a 1.79+0.17 a 260+0.32a 045+0.08d
T2 0.82+0.14a 0.89+0.56 ¢ 1.71+£0.68bc 1.14+0.60 a
T3 047+021¢ 1.33+£0.38b 1.80+0.51b 036+0.13¢
T4 0.51+£0.02¢ 0.794+0.20 cd 1.30+£0.20d 0.69+0.21c¢
TS5 0.68+0.03 b 0.78+0.12 cd 147+0.11c 0.88+0.16 b

Note: T1 (distilled water without NO), T2 (distilled water with 0.2% NaCl), T3 (0.2% NaCl
with 0.5 mmol NO), T4 (distilled water with 0.4% NaCl) and T5 (0.4% NaCl with 0.5 mmol
NO).

5.3 Dry Biomass

Salt stress significantly inhibited the plant growth, leading to a pronounced reduction
in the dry mass of C. paliurus seedlings. Compared with the non-salt-treated C. paliurus
seedlings (T1), the 0.2 % and 0.4 % NaCl treatments significantly reduced the dry mass by
28.01% and 34.97%, seen in Figure (1). The NO treatment also reduced the decrease in the
growth of the salt-stressed plants. Compared with the salt-stressed plants, NO treatment
increased the dry mass by 22.07% (P<0.05) under 0.2 % NaCl conditions and 29.54 % under
0.4 % NaCl conditions. In additions, the salt-stressed plants grown under NO were larger than
those without NO conditions (Figure 1).
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Figure 1. Effects of exogenous nitric oxide on dry Biomass of C. paliurus seedlings under salt
stress conditions (Mean value + Standard Deviation). Treatments; T1 (distilled water
without NO), T2 (distilled water with 0.2% NaCl), T3 (0.2% NaCl with 0.5 mmol
NO).
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Different letters indicate significant differences (P < 0.05, LSD test)



5.4. Lipid Peroxidation and Antioxidant Enzyme Activities

Salt stress caused membrane injury in the leaves of C. paliurus seedlings (Figure 2).
The malondialdehyde (MDA) content increased by 195% (P<0.05) and 245% (P<0.05) under
0.2% and 0.4% NaCl conditions, respectively. The NO treatments prevented lipid peroxidation
and then alleviated the membrane injury of C. paliurus seedlings. Compared with the non-NO-
treated plants, the reductions in the MDA contents in the NO-treated seedlings were
approximately 45% (P<0.05) and 65% (P<0.05) under 0.2 % NaCl conditions and 0.4% NaCl
conditions respectively. Interestingly, significant difference was found between the NO and
distilled water-treated seedlings (P<0.05).

The activities of SOD, CAT and POD in C.paliurus seedlings were significantly
affected by salt stress and NO treatments. With the increasing extent of salt stress, the activities
of SOD, CAT, and POD increased markedly and then significantly decreased (Figure 2). The
NO treatment significantly enhanced the activities of SOD, CAT, and POD under salt stress,
and the increases in the activities of SOD, CAT, and POD were approximately 286.67%
(P<0.05),89.81% (P<0.05), and 30.38% (P<0.05) under 0.2% NaCl conditions and 180%
(P<0.05),52.31% (P<0.05), and 21.65% (P<0.05) at 0.4% under NaCl conditions, respectively.
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Figure 2. Effects of exogenous nitric oxide on the Malondialdehyde (MDA) (A), Superoxide
Dismutase (SOD) (B), Peroxidase (POD) (C), and Catalase (CAT) (D) of C. paliurus
seedlings under salt stress conditions (Mean value + Standard Deviation).

Treatments; T1 (distilled water without NO), T2 (distilled water with 0.2% NaCl), T3 (0.2%
NaCl with 0.5 mmol NO), T4 (distilled water with 0.4% NaCl) and T5 (0.4% NaCl with 0.5
mmol NO). Different letters indicate significant differences (P < 0.05, LSD test).

6. Discussion

Nitric oxide (NO) as a ubiquitous signal molecule participates in major physiological
processes in plant growth and development, and in response to biotic and abiotic stresses
(Wilson et al., 2009). Developing the salt stress within a plant, all the major processes such as
photosynthesis, chlorophyll fluorescence and protein synthesis are affected (Parida et al., 2005).
However, relatively less research has been carried out in forestry. In the present study, the effect
of nitric oxide (NO) and NaCl on plant leaves gas exchange, chlorophyll fluorescence and
contents, dry biomass, lipid peroxidation and enhancing antioxidant systems in C. paliurus
seedlings were investigated under field conditions in order to determine an application basis of
seedlings production and leaf quality improvement. Stomatal closure is one of the earliest
responses to salt stress. Compared to the non-salt-treated C. paliurus seedlings, all parameters
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of leaf gas exchange, Pn, Ci, Tr, and Gs, in C. paliurus seedlings under 0.2 % NaCl conditions
significantly decreased by approximately 25.48 %, 7.2 %, 9.59 % , and 23.46 % , respectively,
suggesting that the decrease in the photosynthesis rate was associated with the closure of
stomata. Moreover, salt stress caused on the young bean plants (Phaseolus vulgaris L.), which
found expression in the suppression of growth and photosynthesis activity (Nevena et al., 2008).
NO alleviated the negative effects of 0.2% NaCl stress on leaf photosynthesis by decreasing
Pn, Ci, Tr, and Gs. Furthermore, Brugnoli et al. (1992) noted that both stomatal and non-
stomatal limitations accounted for a reduction in photosynthesis, where the seedling leaves
with NO-treated were also exhibited under 0.2 % and 0.4 % NaCl conditions in this study.
These results indicate that the application of NO induced the several salt stress C. paliurus
seedlings to effectively use available CO; inside the leaves and decreased the leaf gas exchange
contents by upregulating the related photosynthetic enzyme activities at the chloroplast level.
Moreover, the net photosynthesis rate (Pn), internal carbon dioxide concentration (Ci),
transpiration rate (Tr), and stomatal conductance (Gs) were strongly impaired by nitric oxide
(NO) and salt stress (NaCl) conditions compared with non-treated seedlings. Similar findings
were described in wheat, which reported that as the salt concentrations increased, the net
photosynthesis rate, and transpiration rate were decreased (Ibrahim et al., 2018). However,
some researches showed that the rate of photosynthesis did not decrease under salt stress and
the rate was even a little (Romero et al., 2001) higher than untreated condition (Kurban et al.,
1999). Similarity, the effect of salicylic acid on growth and primary metabolism of C. paliurus
is possibly related to the regulation of photosynthesis. Khan et al. (2009) have shown that foliar
application of salicylic acid increased photosynthetic rates in both corn and soybean and shoot
dry mass in soybean plants. The decrease in photosynthetic capacity under saline stress is
mostly because of the decrease in photosynthetic pigments (Netondo et al., 2004; Delfine et al.,
1999). The effect of salinity stress on the rate of photosynthesis could be caused by stomatal,
nonstomatal or both factors (Saibo et al., 2009). Generally, CO» exchange was regarded as an
important indicator of the growth of plants, because of its direct link to net productivity (Ashraf,
2004). It was verified that stomatal conductance, substomatal concentration, transpiration rate
and net photosynthesis rate are all parameters affected by salt stress (Sudhir et al., 2004).

One of the most powerful tools in the assessment of photosynthetic performance in
plant physiological experiment was chlorophyll fluorescence and it parameters can be used to
estimate the influence of the interactive effects between salinity stress and nitric oxide on
growth and yield performance, since these traits were closely correlated with the carbon
exchange rate (Facheboud et al., 2010). In the current study, there was a significant increase in
non-photochemical quenching (NPQ), by 108 % and 250 %, respectively under 0.2% NaCl and
0.4% NaCl conditions. The increase of chlorophyll fluorescence of leaves can extend
photosynthesis period, maintain physiological process, and increase accumulation of biomass
(Pooja et al., 2010). Salt stress had more significant effect increasing on photosynthesis and
chlorophyll fluorescence in Lycium ruthenicum, in which great changes were caused by a
threshold the increased salinity (Jun et al., 2017). Moreover, NO-treated also increased in non-
photochemical quenching (NPQ), by 25 %and 158.33 %, respectively under 0.2% and 0.4 %
conditions compared with non-treated seedlings. Although the parameters of chlorophyll
fluorescence, such as Fv/Fm, qP, ETR, and ®PSII whereas all parameters were decreased
25.47%, 22.09 %, 25.53 %, and 40 % respectively under 0.4 % NaCl conditions. The Fv/Fm,
qP, ETR, and OPSII in NO-treated C. paliurus seedlings were significantly decrease
approximately 5.66 %, 1.16 %, 4.26 %, and 0.01 % under 0.2% NaCl conditions respectively,
while 17.92 %, 9.3 %, 12.76 %, and 30 % under 0.4 % NaCl conditions. Some researchers have
described that salinity stress affected crops and plants by alternating chlorophyll fluorescence
of PSII (Netondo et al., 2004), whereas others reported that actual quantum yield of PSII (®PSII)
and maximal efficiency of PSII (Fv/Fm) were almost not affected by saline stress. The
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chlorophyll content is one of the most important internal factors, which in certain cases can
limit the photosynthesis rate. Results from the present study showed that the applied treatment
tended to diminish the content of all pigments and to a certain extent changed their ratios. The
contents of Chlorophyll-a, b, atb, and a/b were significantly decreased not only in the 0.2%
and 0.4 % NaCl treatments, but also NO-treated with different NaCl conditions in C. paliurus
seedlings. The decreased content of chlorophyll could probably be a result from the mineral
deficiency. Total chlorophyll content in both salt stress plant declined with salinity increase.
Ion accumulation in leaves adversely affected chlorophyll content (Meloni et al., 2003). The
observed decrease in chlorophyll content of the plants grow under saline conditions may be
attributed to both of the increased degradation and the inhibited synthesis of that pigments
(Garsia-Sanchez et al., 2002). The increasing NaCl concentration caused a reduction in the
chlorophyll content in green bean and increased in MDA and CAT (Yasar et al., 2008).

Biomass allocation among components can be regulated by resource availability, such
as nutrients and other exogenous effects (Poorter et al., 2000). Our investigation showed that
salinity and nitric oxide was responsible for the allocation of total biomass. There is some
controversy in the literature regarding whether NO can counteract the adverse effects of salt
stress (Arfan et al., 2007; Borsani et al., 2001). In this study, a marked reduction in the growth
of dry biomass in C. paliurus seedlings was observed under increasing salt stress. These study
showed that specific dry total biomass decreased significantly with the strengthening salinity
and nitric oxide levels among treatments of C. paliurus compared to non-treated seedlings,
indicating that less dry mass production per unit area was synthesized, in agreement with the
result from Marini et al. (1990). Salicylic acid induced the salt tolerance and increased the
biomass of Torreya grandis cv. by enhancing the chlorophyll content and activity of
antioxidative enzymes, motivating the photosynthesis process, and relieving membrane injury
(Lietal., 2014).

MDA, a final product responding to lipid peroxidation, is often considered an important
indicator of plant resistance to stress (Rao, et al., 2000). When plant were to exposed to salt
stress, AOS attacked membranes resulting in the peroxidation reaction which followed the
generation of MDA (Bor, et al., 2003). The lower level of MDA concentration in the plant
demonstrated that it may have been better defended against oxidative damage under salinity
stress. In this study, we observed that concentration of MDA in C. paliurus seedlings was
significantly increase in 0.2 % and 0.4 % NaCl conditions more than that in NO-treated
seedlings with increase salt stress, compared to non-treated seedlings. This result showed that
C. paliurus seedlings treated with NaCl have induced capability of plant protection against
oxidative damage caused by salt stress. In addition, antioxidant enzymes are the most effective
in preventing cell damage (Yu et al., 1999; Turkan et al., 2005; Yasar et al., 2008; Kusvuran,
2010).

Plants can activate antioxidative defense systems to keep themselves from the harmful
effects of salinity-induced oxidative stress. In this study, salinity stress induced drastic changes
in the activities of antioxidative enzymes, including SOD, CAT, and POD. Therefore, there
were dramatic increases in the activities of SOD, CAT, and POD under 0.2% salt stress
conditions, although there was only a slight increased under 0.4% salt stress conditions
compared to the distilled water-treated seedlings, suggesting that with increasing salt stress, the
ability of C. paliurus seedlings to resist salt stress decreased. SOD and CAT, which act
synergistically to resist oxidative damage induced by salt stress in C. paliurus seedlings, were
also observed in other plant tissues under NaCl stress (Tang et al., 2007). After the application
of exogenous NO, the plants showed higher activities of SOD, CAT, and POD than those of the
non-NO-treated plants grown under 0.2% and 0.4 % salt stress conditions. So, our results are
in good agreement with those in citrus (Gueta-Dahan at al., 1997) and maize (Neto et al., 2006).
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Increase in the activity of SOD was accompanied by increases in the activity of CAT and POD
throughout the nitric oxide and salt stress period. Previous studies showed that CAT is one of
the most effective antioxidant enzymes in the process of scavenging H,O, associated with SOD
(Scandalios, 1993; Bor et al., 2003). Meanwhile, POD also plays an important role in
preventing cellular damage (Asada et al., 1987). Exogenous salicylic acid effectively improved
the growth, photosynthesis, malondialdehyde (MDA), antioxidant enzyme activity, and stoma
and chloroplast development of Dianthus superbus (Ma et al., 2017). Senay et al., 2011 also
said that salt stress induced oxidative stress by enzymatic defense system in pumpkin genotypes.
The application of salicylic acid and nitric oxide was affective in enhancing growth,
photosynthesis parameters and antioxidant enzyme activities in Vigna angularis (Mohamad et
al., 2019).

7. Conclusion

On the basis of the results obtained from the present study, the following conclusion
can be drawn: with the increase of the salinity level, the photosynthesis processes in the C.
paliurus seedlings was suppressed. Compared to distilled water-treated seedlings, the net
photosynthesis rate (Pn), internal carbon dioxide concentration (Ci), transpiration rate (Tr) and
stomatal conductance (Gs) of C. paliurus seedlings decreased in the seedlings under 0.2% and
0.4 % NaCl treatments. However, the exogenous application of nitric oxide in C. paliurus
seedlings could alleviated salt stress by enhancing the chlorophyll contents and activity of
antioxidative enzymes activities and lipid peroxidation process, and activating the
photosynthetic process.

The chlorophyll fluorescence in C. paliurus seedlings was increased non-
photochemical quenching (NPQ) in the seedlings at level of 0.2% and 0.4 % NaCl and 0.5mmol
NO-treated. Nevertheless, ratio of variable fluorescence over the maximum fluorescence value
(Fv/Fm), the photochemical quenching (qP), electron transport rate (ETR), and actual
photochemical efficiency of PSII (®PSII) of C. paliurus seedlings were negative affected in
the case of increasing salt stress and NO treatments. The chlorophyll concentrations were
considerably suppressed, and this tendency was more strongly expressed in the case of 0.2%
and 0.4% NaCl and 0.5 mmol NO treatment and was significantly decreased compared to
distilled water-treated seedlings in Chl-a, Chl-b, Chl-a+b and Chl-a/b in which NaCl and NO
were negatively affected and weak increased in chlorophyll contents.

Moreover, the total dry biomass of C. paliurus seedlings was also reduced significantly,
while the NaCl content was increased from 0.2% to 0.4% times in the case of 0.5 mmol NO
level. Lipid peroxidation in leaves of C. paliurus seedlings measured as malondialdehyde
(MDA), which the MDA concentration rate was strongly significant increased when exposed
to 0.2% and 0.4% NaCl and 0.5 mmol NO treatments. Moreover, the superoxide dismutase
(SOD), peroxidase (POD) and catalase (CAT) were also significantly promoted which exposed
under nitric oxide and increasingly salt stress in C. paliurus seedlings.

8. Recommendation

In Myanmar, there had been 11 million hectares arable land of total land areas. Salt
stress is a major environmental and economic challenge for Myanmar, can negatively affect
the native plant species and biodiversity of coastal ecosystems and arable land, disrupting
ecological balance and threatening its agricultural productivity, food security, and the
livelihoods of its rural populations. Addressing this issue requires a multi-faceted approach
including improved water management, salt-tolerant crop varieties, sustainable agricultural
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practices, and strategies to mitigate the impacts of climate change. The role of nitric oxide in
mitigating the adverse effects of salt stress on seedlings. Therefore, nitric oxide enhances
chlorophyll fluorescence, promotes photosynthesis, and boosts antioxidant defense systems,
ultimately alleviating salt-induced damage to the seedlings.
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