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Abstract: Soil salinization is a common abiotic stress that severely limits the growth of Reaumuria
soongarica and reduces its application value. To better understand the response of R. soongarica to
salt stress and the physiological mechanisms of exogenous Ca2+ and NO compound treatment in
alleviating salt stress, the growth parameters, antioxidant system, carbohydrate metabolism and
nitrogen compound metabolism were compared on Days 0, 1, 3, 6, 9, 15 and 30. The results showed
that salt stress could significantly reduce the plant height, root length, fresh and dry weights of
aboveground and underground parts, as well as the relative water content, severely inhibiting the
growth of R. soongarica seedlings. After Ca2+ and NO compound treatment, these growth parameters
were significantly improved, and the harm caused by stress in R. soongarica was alleviated. Regarding
the antioxidant system, the Ca2+ and NO compound treatment could significantly increase the
activities of SOD, CAT, APX and GR, as well as the contents of ASA and GSH, which indicated that
exogenous Ca2+ and NO could eliminate the accumulated active oxygen by increasing the activities of
oxidoreductases and the content of nonenzymatic antioxidant substances, thereby improving the salt
tolerance of R. soongarica. Regarding carbon metabolism, after Ca2+ and NO compound treatment, the
soluble sugar and sucrose contents, as well as the activities of sucrose phosphate synthase and sucrose
synthase, were significantly increased, which indicated that Ca2+ and NO compound treatment could
maintain higher soluble sugar and sucrose contents in R. soongarica and reduce osmotic stress caused
by salt treatment. Regarding nitrogen metabolism, the Ca2+ and NO compound treatment reduced
the harm of salt stress by regulating the nitrogen compound contents and nitrogen compound-related
enzyme activities, including increases in the NO3

− content and NR, NiR, GS, GOGAT and GDH
activities and a reduction in the NO2

− content. The results of this study indicate that the inhibition
of the growth and development of R. soongarica by salt stress can be alleviated by regulating the
antioxidant system, carbohydrate metabolism and nitrogen compound metabolism, which provides
a theoretical basis for Ca2+ and NO compound treatment to improve plant salt tolerance.

Keywords: salt stress; antioxidant system; carbon compounds metabolism; nitrogen compounds metabolism

1. Introduction

Soil salinization is a growing environmental and ecological problem, threatening the
limited soil resources on which humans depend and having a profound impact on the
sustainability of crop yields [1]. At present, approximately 33% of the world’s irrigated
agricultural land is affected by salinization [2], and improving crop salinity tolerance
and controlling soil salinity have become important strategies to promote sustainable
agricultural development. Salt damage affects any stage of plant growth, ultimately
reducing economic yields [3]. In a high-salt environment, plants are subjected to the double
stress of osmosis and ion and nutrient imbalance. At the same time, reactive oxygen species
(ROS) damage physiological and metabolic activities of plants, which in turn affects the
normal growth and causes great losses in agricultural production [4,5]. To reduce salt-
caused damage to plants, the use of exogenous plant hormones or chemicals to enhance
plant salt tolerance has become a hot topic. For example, Chen et al. [6] used exogenous
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betaine to treat maize (Zea mays) seedlings under salt stress, which effectively alleviated
the damage caused by salt stress to maize inbred lines, and the mitigation effect on salt-
sensitive inbred lines was more obvious than that on salt-tolerant inbred lines. Exogenous
proline is thought to be beneficial in reducing damage to eggplant (Solanum melongena)
seedlings under salt stress. Kusvuran et al. [7] applied exogenous proline to eggplant
seedlings under salt stress and found that the enzyme activity of eggplant seedlings was
effectively increased, which could significantly alleviate the adverse effects of stress. When
Saeedipour [8] used the exogenous plant growth regulators auxin (IAA), cytokinin (CTK),
abscisic acid and gibberellin (GA) to study the salt stress mitigation effects of the IR29 (salt-
sensitive) and FL485 (salt-tolerant) indica rice (Oryza sativa) cultivars, IAA and CTK were
the most effective treatments for improving grain yields under salt stress. This shows that
the treatment of plants grown under salt stress with exogenous substances can effectively
improve plant resilience to adversity.

Calcium (Ca2+) is an essential nutrient, and it acts as a second messenger to sensitively
respond to many stimuli such as environmental signals, membrane system stabilization
and control of enzyme activities [9,10]. Many biotic and abiotic stresses can cause increases
in Ca2+ concentrations in the plant cytosol [10,11], and plants can produce different cell
responses according to differences in the Ca2+ concentration [12]. Under salt stress, plants
often exhibit Ca2+ deficiency and adding exogenous Ca2+ can alleviate Ca2+ deficiency,
maintain the basic structure of the plasma membrane and ensure the normal transmission
in the Ca2+ signaling system [13]. In addition, the application of exogenous calcium can
reduce the binding of Na+ to the plasma membrane, reduce the leakage of Ca2+ and restore
intracellular calcium homeostasis and the integrity of the plasma membrane, thereby
alleviating the damage caused by salt stress to plants [14]. Nitric oxide (NO) is a gaseous
bioactive molecule that is ubiquitous in plants [15] and can be widely involved as an
exogenous reliever of plant responses to adverse stress [16]. For example, preharvest SNP
(an NO donor) treatment modulates chlorophyll metabolism and preserves the chlorophyll
content in leaves during storage. Moreover, SNP treatment enhanced flavonoid synthesis,
suppressed ROS accumulation and delayed the senescence process, thereby maintaining
leaf greening in Chinese flowering cabbage [17]. In addition, NO improves the quality
features and nutritional contents of fruit plants [18]. SNP application regulates fragrant
rice plant physio-biochemical processes, yield traits and grain quality characteristics in Cd-
affected soil [19]. Importantly, studies have reported the signaling roles of exogenous Ca2+

and NO in key physiological and biochemical attributes of agriculturally and economically
important cyanobacteria subjected to Ni stress, which revealed that Ni at elevated levels
caused severe damage to the test organism, but exogenous supplementation with Ca2+

and NO efficiently mitigated the toxic effects of Ni and upregulated the growth, pigment
contents, rate of photosynthesis, and nitrogen metabolism and boosted enzymatic and
nonenzymatic antioxidants in the organism [20]. Similar results have been obtained in
plant Cd stress studies [21]. Ca2+ and NO can interact to alleviate the harm of stress and
enhance the tolerance of plants to stress.

Reaumuria soongarica is a small perennial shrub with strong arid salt secretion and is
mainly distributed in Central Asia, Southern Europe and North Africa. In northwest China,
R. soongarica is mainly distributed in Gansu Province, the Inner Mongolia Autonomous
Region, the Ningxia Hui Autonomous Region and other arid and semiarid areas [22,23].
R. soongarica communities have excellent effects on soil improvement and play a vital role
in stabilizing quicksand and preventing soil erosion and desertification [24]. R. soongarica
also has medicinal value, and its young branches and leaves can be used to treat eczema,
dermatitis and other diseases [25]. Therefore, R. soongarica is an excellent tree species
resource with high comprehensive development and utilization value, and exploring the
environmental adaptation mechanism of R. soongarica may play a very important role in
ecological environment restoration and the high-quality and healthy development of the
forest and grass industry [26]. R. soongarica has a certain degree of salt tolerance, and its
colonies or coconstruction communities are mainly distributed on salinized soils with a
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total salt content of 0.5–2.0% in desert areas [24,27]. Under salt stress, R. soongarica can
regulate antioxidant enzyme activities and reduce membrane lipid peroxidation to reduce
salt damage [26,28]. However, previous research on R. soongarica has mainly focused on
the mechanism of salt tolerance, while research on the mechanism by which Ca2+ and
NO regulate the salt tolerance of R. soongarica has not been reported to date. Therefore,
in this study, the physiological response mechanism of R. soongarica to Ca2+ and NO
compound treatment under salt stress was explored using Ca(NO3)2 and the NO donor
sodium nitroprusside (SNP), and the dynamic changes in the antioxidant reduction system,
carbohydrate metabolism and nitrogen metabolism were analyzed to provide a theoretical
basis for the application of Ca2+ and NO to improve plant salt tolerance.

2. Materials and Methods
2.1. Experimental Materials

Seeds of R. soongarica were collected in Laohukou, Wuwei, Gansu Province, China
(102◦58′ E, 38◦44′ N; elevation 1315–1375 m), in late October 2019. The average annual tem-
perature, rainfall, and evaporation in this sampling area are 7.5 ◦C, 110 mm and 2646 mm,
respectively. The seeds (voucher number: 063-2) were identified by Dr. X. Liu at the Insti-
tute of the Gansu Minqin National Studies Station for Desert Steppe Ecosystems (MSDSE).
Seed samples were deposited at the Herbarium of the Scientific Research Experimental
Station of the Longqu Seed Orchard, Gansu Province Academy of Qilian Water Resource
Conservation Forests Research, in Zhangye. These seeds were placed inside a seed storage
cabinet (CZ-250FC; Top Yunong, Hangzhou, China) until later use. Plant materials were
collected in strict accordance with the Technical Regulations for the Seed Collection of Rare
and Endangered Wild Plants of the People’s Republic of China (LYT2590-2016).

2.2. Material Planting

The experimental research on plants was carried out in accordance with technical
regulations for cultivation of tree seedings (DB11T476-2007), the Forestry Industry Standard
(LY/T 1898-2010) and Soil and Water Conservation Test Standard (SD 239-87) issued by
the Ministry of Water Resources of the People’s Republic of China. The experiments were
carried out at Gansu Agricultural University. Uniform full-sized seeds were selected and
disinfected for 8 min with 1% NaClO and rinsed six times with ultrapure water. Cleaned
seeds were then sown in a plug tray (10 cm × 10 cm × 8.5 cm, with drainage holes at the
bottom) filled with sterilized quartz sand. The seeds in the plug trays were germinated in an
artificial climate chamber under the following conditions: 25 ◦C/light for 14 h, 22 ◦C/dark
for 10 h, light intensity of 600 µmol·s−1·m−2 and relative humidity of 60%. During this
period, the seedlings were watered with Hoagland nutrient solution every 5 days. After
the R. soongarica seedlings grew for 90 days, those with good and consistent growth were
selected for experimental treatment.

2.3. The Experimental Design

According to the experimental design, the corresponding NaCl, Ca(NO3)2 (a Ca2+

donor) and SNP (a NO donor) solutions were prepared with deionized water and were
evenly poured around the root system of R. soongarica using a syringe. The NaCl con-
centration used for salt stress was 400 mmol·L−1 (marked as N). The concentration of
exogenous NO was 0.25 mmol·L−1, as determined by previous research in our group [29],
and the concentration of exogenous Ca2+ was 20 mmol·L−1; the ratio of Ca2+ and NO was
1:3, as determined by pre-experimental screening, marked as ComT. The same amount
of deionized water was injected as the CK treatment and three biological replicates for
each treatment.

2.4. Index Determination

Determination of growth parameters and the antioxidant enzyme system: Samples
were taken on Days 0, 3, 6, 9, 15 and 30 of each treatment; the plant height and taproot
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length were measured with a ruler, and the stem thickness was measured by a Vernier
caliper. Analytical balances (SQP; Sartorius, Beijing, China) were used to determine the
aboveground fresh weight, aboveground dry weight, belowground fresh weight and
belowground dry weight of seedlings. The relative water content (RWC) was determined
with reference to the method of Galmes et al. using distilled water [30]. The rate of
superoxide anion radical (O2

−) production was determined by the p-aminobenzenesulfonic
acid method [31]. The content of hydrogen peroxide (H2O2) was determined by the
KI chromogenic method, referring to the method of Alamer et al. [32]. The superoxide
dismutase (SOD) activity was determined by nitroblue tetrazolium photoreduction [33].
The catalase (CAT) activity was determined by the H2O2 method [34], and the peroxidase
(POD) activity was estimated by the guaiacol method [35]. The ascorbyl peroxidase (APX)
activity was determined using the method of Nakano and Asada using EDTA and H2O2 [36].
The glutathione reductase (GR) activity was measured by reduced nicotinamide adenine
dinucleotide phosphate [37]. Chloroplastic ascorbate (AsA) was analyzed using the method
described by Dutilleul et al. [38]. The GSH content was measured following the procedure
reported by Lacerda et al. using TCA and NEM [39].

Determination of carbohydrate metabolism-related indicators: Carbohydrates were extracted
using the technique described by Lacorda et al. [40]. Soluble carbohydrates (sucrose, glucose
and fructose) were measured by high-performance liquid chromatography (HPLC) using an
aminopropyl column (4.6 × 250 mm) with a mobile phase of 80% acetonitrile/20% water [41].
The soluble sugar and starch contents were determined using the method of Dkhil et al. [42].
The extraction and content determination of sucrose synthetase (SS), sucrose phosphate
synthase (SPS), acid invertase (AI) and neutral invertase (NI) were performed according to
the method of Nielsen et al. [43].

Determination of nitrogen compound metabolism-related indicators: The nitrate
(NO3

−), nitrite (NO2
−), and ammonium (NH4

+) contents, as well as nitrite reductase
(NiR), nitrate reductase (NR), glutamate synthase (GOGAT), glutamine synthetase (GS)
and glutamate dehydrogenase (GDH) activities were measured according to the method of
Zhang et al. [44]. In relation to all the above indicators, there were three biological replicates
for each one.

2.5. Data Analysis

The SPSS 22.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analysis.
All obtained data were analyzed by one-way ANOVA. At p < 0.05, we considered the
difference to be significant.

3. Results and Analysis

3.1. Mitigation Effects of Ca2+ and NO Compound Treatment on Growth Indicators of
R. soongarica Seedlings under Salt Stress

The changes in the growth index of R. soongarica seedlings under each treatment are
shown in Figure 1, and differences in R. soongarica growth under various stresses can be
clearly observed (Figure 1A). Starting from the 6th day, compared with that in the CK, salt
stress alone significantly reduced the height of R. soongarica seedlings. Compared with
salt stress alone in the same period, long-term (15 and 30 days) inhibition of the height
of R. soongarica by salt stress could be alleviated by applying the Ca2+ and NO treatment
(Figure 1B). Compared with those in the CK treatment group, salt stress significantly
reduced the root length of R. soongarica seedlings, which was obvious on the 3rd day.
During the later stages of stress (9, 15 and 30 days), the application of Ca2+ and NO
significantly increased the root length under salt stress, but in both groups, the length was
significantly lower than those in the CK treatment group (Figure 1C). Salt stress showed
its harmful effects on the 6th day, causing a significant decrease in the aboveground
fresh weight compared with that in the CK treatment group. However, the application
of Ca2+ and NO significantly increased the aboveground fresh weight under salt stress
(Figure 1D). Starting from the 6th day, compared with the CK treatment group, salt stress
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alone significantly reduced the aboveground dry weight of R. soongarica seedlings. At the
same time, the application of Ca2+ and NO significantly increased the aboveground dry
weight under salt stress; however, in both groups, the weight was lower than that in the
CK treatment group (Figure 1E). After a prolonged stress time (9, 15 and 30 days), the
fresh weight of the underground part of the R. soongarica seedlings significantly decreased
under salt stress alone compared with that in the CK treatment group. However, starting
from Day 6, the application of Ca2+ and NO significantly increased the fresh weight of
the underground part under salt stress (Figure 1F). When comparing different treatments
at the same sampling time, starting from the 6th day, salt stress significantly reduced the
underground dry weight of R. soongarica seedlings. After applying exogenous Ca2+ and
NO, the dry weight of the underground part under salt stress was significantly increased,
but in both groups, the weight was lower than that in the CK at the same time (Figure 1G).
Compared with that in the CK treatment group, salt stress alone significantly reduced
the relative water content. Compared with that under salt stress alone, the application of
Ca2+ and NO significantly increased the relative water content under salt stress, but in
both groups, the content was lower than that in the CK treatment group at the same time
(Figure 1H).
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Figure 1. Effect of Ca2+ and NO compound treatment on growth indicators of R. soongarica seedlings
under salt stress. (A): seedling morphology under different treatments on the 30th day; (B): plant
height; (C): root length; (D): fresh weight of aboveground plants; (E): dry weight of aboveground
plants; (F): fresh weight of underground plants; (G): dry weight of underground plants; (H): relative
water content. CK: treatment of deionized water; N: treatment of 400 mM NaCl; ComT: exogenous
Ca2+ and NO compound treatment under salt stress. Note: three biological replicates for each
treatment and different capital letters indicate that the difference between different treatments at the
same sampling time is significant, and different lowercase letters indicate that the difference between
different times at the same treatment is significant. The same below.
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3.2. Mitigation Effects of Ca2+ and NO Compound Treatment on the Antioxidant System of
R. soongarica Seedlings under Salt Stress

3.2.1. Effects of Ca2+ and NO Compound Treatment on ROS Accumulation in R. soongarica
under Salt Stress

As shown in Figure 2A, except for Day 0, the trend of changes in the production rate
of O2

− at the other five sampling time points was consistent for each treatment. Under
salt stress alone, R. soongarica seedlings significantly accelerated O2

− production, while
exogenous Ca2+ and NO treatment significantly inhibited the production rate of O2

− under
salt stress, but the rate was significantly higher than that in the CK treatment group. On
the 3rd day, there was no significant difference in the H2O2 content between the exogenous
Ca2+ and NO treatment group and that subjected to salt stress alone, but both groups had a
higher H2O2 content than the CK treatment group. The changes on the 6th and 9th days
were consistent, with the H2O2 content having reached its highest level under salt stress
alone. The exogenous Ca2+ and NO treatment reduced the H2O2 content under salt stress,
but it was still significantly higher than that in the CK treatment group. On the 15th and
30th days, the H2O2 contents in the exogenous Ca2+ and NO treatment group under salt
stress were significantly higher than those under salt stress alone and in the CK treatment
group, and there were no significant differences between the latter two groups (Figure 2B).
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3.2.2. Effects of Ca2+ and NO Compound Treatment on Antioxidase Activities in
R. soongarica under Salt Stress

When SOD activities were compared among different treatments at the same treatment
durations, the trends of changes could be mainly divided into two types. On the 6th and
15th days, the same trend was observed. The SOD activity under salt stress alone was
significantly higher than that in the CK treatment group and significantly lower than that
in the exogenous Ca2+ and NO compound treatment group under salt stress. The changes
on Days 3, 9 and 30 were consistent. There was no significant difference in the SOD activity
under salt stress alone and in the CK treatment group, while the Ca2+ and NO compound
treatment significantly increased the SOD activity in R. soongarica (Figure 3A). The POD
activity changes at the five sampling times could be divided into three types (Figure 3B).
On the 3rd and 15th days, the POD activity under salt stress alone was not different from
that in the CK treatment group, but was significantly lower in both groups than that in the
Ca2+ and NO compound treatment group under salt stress. On the 6th and 9th days, the
POD activity under salt stress alone was significantly higher than that in the CK treatment
group, but significantly lower than that in the Ca2+ and NO compound treatment group.
The changes on the 30th day were more specific, with no difference between salt stress
alone and the CK treatment group, but in both groups, the activity was significantly higher
than that in the Ca2+ and NO compound treatment group. Compared with that in the
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CK treatment group, the salt stress significantly reduced the CAT activity in R. soongarica
seedlings, with the largest decrease on the 9th day, when the activity was much lower
than that at the other sampling times. Compared with that under salt stress alone, the
application of Ca2+ and NO compound treatment significantly increased the CAT activity,
which was related to the sampling time. The increase was consistent with that in the CK
treatment group on the 3rd day, and although there were increases at the other four times,
they were significantly lower than those in the CK treatment group (Figure 3C). On the
3rd day, the relief effect of the Ca2+ and NO compound treatment was not significant,
and there was no significant difference in the APX activity compared with that under salt
stress alone, but both activities were higher than that in the CK treatment group. On the
6th and 9th days, the APX activities were significantly higher under the Ca2+ and NO
compound treatment than in the CK treatment group and under salt stress alone. Although
the APX activity under salt stress alone was slightly lower than that in the CK treatment
group, there was no significant difference. On the 15th and 30th days, compared with that
in the CK treatment group, salt stress alone significantly reduced the APX activity in R.
soongarica seedlings, while exogenous application of Ca2+ and NO compound treatment
significantly increased the APX activity, to greater levels than those in the CK treatment
group (Figure 3D). Compared with that in the CK treatment group, on the third day, salt
stress increased the GR activity. As the stress time was prolonged, GR activity under salt
stress gradually decreased compared with that in the CK treatment group at the same times.
After applying the Ca2+ and NO compound treatment to alleviate salt stress, GR activity
was significantly higher than that under salt stress alone, except on the 30th day, and the
increase was significant. The GR activities were all higher than that in the CK treatment
group at the same time (Figure 3E).
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Figure 3. Effect of Ca2+ and NO compound treatment on antioxidase activity in R. soongarica under
salt stress. (A): SOD activity; (B): POD activity; (C): CAT activity; (D): APX activity; (E): GR activity.

3.2.3. Effects of Ca2+ and NO Compound Treatment on the Contents of Nonenzymatic
Antioxidant Substances in R. soongarica under Salt Stress

When comparing the effects of different treatments at the same sampling time, the
changes in the AsA content were consistent on the 3rd and 6th days. There was no
difference between salt stress and the CK, but the content in the Ca2+ and NO compound
treatment group was significantly higher than those in the first two groups. On the 9th and
30th days, the changes in the AsA content were comparable. The content under salt stress
was significantly lower than that in the CK treatment group and significantly higher with
the Ca2+ and NO compound treatment than in the CK treatment group. On the 15th day,
there was no difference between the exogenous Ca2+ and NO compound treatment and
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the CK group, and both groups had significantly higher AsA contents than that under salt
stress alone (Figure 4A). On the 3rd, 6th and 30th days, the changes in the GSH content
were consistent; there was no difference between the CK and salt treatment groups, and
all the GSH contents were lower than those with the Ca2+ and NO compound treatment.
On the 9th and 15th days, the GSH contents under salt treatment were significantly higher
than those in the CK treatment group, while the contents with the Ca2+ and NO compound
treatment were significantly higher than those under salt stress alone (Figure 4B).

Agronomy 2023, 13, x FOR PEER REVIEW 8 of 20 
 

 

the Ca2+ and NO compound treatment than in the CK treatment group. On the 15th day, 

there was no difference between the exogenous Ca2+ and NO compound treatment and 

the CK group, and both groups had significantly higher AsA contents than that under salt 

stress alone (Figure 4A). On the 3rd, 6th and 30th days, the changes in the GSH content 

were consistent; there was no difference between the CK and salt treatment groups, and 

all the GSH contents were lower than those with the Ca2+ and NO compound treatment. 

On the 9th and 15th days, the GSH contents under salt treatment were significantly higher 

than those in the CK treatment group, while the contents with the Ca2+ and NO compound 

treatment were significantly higher than those under salt stress alone (Figure 4B). 

 

Figure 4. Effect of Ca2+ and NO compound treatment on content of non enzymatic antioxidant sub-

stances in R. soongarica under salt stress. (A): AsA content; (B): GSH content. 

3.3. Mitigation Effects of Ca2+ and NO Compound Treatment on the Carbon Compound Metabo-

lism in R. soongarica Seedlings under Salt Stress 

3.3.1. Effects of Ca2+ and NO Compound Treatment on the Accumulation of Carbon 

Compounds in R. soongarica under Salt Stress 

On the 3rd, 15th and 30th days, the fructose contents under salt treatment alone were 

significantly lower than those in the CK treatment group. However, after the application 

of Ca2+ and NO, the fructose content was significantly higher on the 3rd day and signifi-

cantly lower on the 15th day than that under salt stress alone. On the 30th day, there were 

no significant differences in the fructose content between Ca2+ and NO treatment and salt 

stress alone, but both contents were significantly lower than that in the CK treatment 

group. On the 6th day, there were no significant differences in the fructose contents among 

the CK treatment group, salt stress alone, and Ca2+ and NO compound treatment. On the 

9th day, the fructose content under salt stress alone was significantly higher than that in 

the CK treatment, while the Ca2+ and NO compound treatment significantly decreased the 

content, which was significantly lower than that in the CK treatment group (Figure 5A). 

Furthermore, under salt stress alone, the glucose content was significantly higher than 

that in the CK treatment group on the 6th day only, while there were no differences at the 

other four sampling times. After the Ca2+ and NO compound treatment, the glucose con-

tent was significantly lower than that under salt stress alone and in the CK treatment 

group (Figure 5B). When seedlings were treated with the Ca2+ and NO compounds, the 

sucrose content first significantly increased and then decreased, reaching its highest value 

on the 9th day. When comparing different treatments at the same sampling time, there 

was no significant difference in the sucrose content between salt stress and the CK treat-

ment on the 3rd day. At the other four sampling times, the sucrose contents under salt 

stress alone were significantly lower than those in the CK treatment group. The sucrose 

content under the Ca2+ and NO compound treatment was significantly higher than that 

under the CK treatment and under salt stress alone at the same time (Figure 5C). In the 
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3.3. Mitigation Effects of Ca2+ and NO Compound Treatment on the Carbon Compound
Metabolism in R. soongarica Seedlings under Salt Stress

3.3.1. Effects of Ca2+ and NO Compound Treatment on the Accumulation of Carbon
Compounds in R. soongarica under Salt Stress

On the 3rd, 15th and 30th days, the fructose contents under salt treatment alone were
significantly lower than those in the CK treatment group. However, after the application of
Ca2+ and NO, the fructose content was significantly higher on the 3rd day and significantly
lower on the 15th day than that under salt stress alone. On the 30th day, there were no
significant differences in the fructose content between Ca2+ and NO treatment and salt
stress alone, but both contents were significantly lower than that in the CK treatment group.
On the 6th day, there were no significant differences in the fructose contents among the
CK treatment group, salt stress alone, and Ca2+ and NO compound treatment. On the
9th day, the fructose content under salt stress alone was significantly higher than that in
the CK treatment, while the Ca2+ and NO compound treatment significantly decreased the
content, which was significantly lower than that in the CK treatment group (Figure 5A).
Furthermore, under salt stress alone, the glucose content was significantly higher than that
in the CK treatment group on the 6th day only, while there were no differences at the other
four sampling times. After the Ca2+ and NO compound treatment, the glucose content
was significantly lower than that under salt stress alone and in the CK treatment group
(Figure 5B). When seedlings were treated with the Ca2+ and NO compounds, the sucrose
content first significantly increased and then decreased, reaching its highest value on the
9th day. When comparing different treatments at the same sampling time, there was no
significant difference in the sucrose content between salt stress and the CK treatment on
the 3rd day. At the other four sampling times, the sucrose contents under salt stress alone
were significantly lower than those in the CK treatment group. The sucrose content under
the Ca2+ and NO compound treatment was significantly higher than that under the CK
treatment and under salt stress alone at the same time (Figure 5C). In the short term (3rd and
6th days), compared with that under the CK treatment, the high-salt treatment significantly
increased the soluble sugar content. In contrast, after the 9th day, the soluble sugar content
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was significantly reduced by the high-salt treatment compared with that under the CK
treatment. After Ca2+ and NO compound treatment, the soluble sugar content significantly
increased compared with that under salt stress alone, and, except on the 30th day, it was
significantly higher than that under the CK treatment at the same sampling time (Figure 5D).
In the early stages of stress (Days 3, 6 and 9), compared with that under the CK treatment,
the salt treatment significantly reduced the starch content in R. soongarica seedlings. In the
later stages of stress (15th and 30th days), compared with that under the CK treatment, the
starch content significantly increased under salt treatment. Under Ca2+ and NO compound
treatment, the changes in the starch content were opposite to those under salt stress alone.
In the early stages of stress (3rd, 6th and 9th days), compared with that under salt stress
alone, the Ca2+ and NO compound treatment significantly increased the starch content. In
the later stages of stress (15th and 30th days), the starch content significantly decreased
under the Ca2+ and NO compound treatment (Figure 5E).
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Figure 5. Effects of different treatments on carbon compounds accumulation of R. soongarica under
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3.3.2. Effects of Ca2+ and NO Compound Treatment on Carbon Metabolism-Related
Enzyme Activities in R. soongarica under Salt Stress

The changes in the SS activity under salt stress alone were mainly related to the
sampling time. In the early sampling times (3rd and 6th days), compared with that under
the CK treatment, salt stress alone significantly promoted SS activity. In the early stages of
sampling (Days 6, 15 and 30), compared with that under the CK treatment, salt stress alone
significantly inhibited SS activity. After the Ca2+ and NO compound treatment alleviated
salt stress in R. soongarica, compared with that under salt stress alone at the same time,
the SS activity was significantly increased at all sampling times, and the numerical values
were also significantly higher than those under the CK treatment (Figure 6A). The results
showed that salt stress alone significantly reduced the SPS activity, with a smaller decrease
on the 3rd day and the largest decrease on the 30th day. After the Ca2+ and NO compound
treatment, the SPS activity significantly increased compared with that under salt stress
alone and increased to the same levels as those under the CK treatment on the 3rd and
6th days. The increases were significant at the other four times and were significantly
higher than those under the CK treatment. When comparing different sampling times, with
the delay in the sampling time, the SPS activity gradually increased, reaching its maximum
value on the 15th day, and then significantly decreased on the 30th day (Figure 6B). When
comparing different treatments at the same sampling time, it was found that at the early
times (3rd, 6th, and 9th days), the SAI activity significantly increased under salt stress alone,
while significantly decreasing in the later stages (15th and 30th days). Compared with
that under salt stress alone, the SAI activity significantly increased under the exogenous
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Ca2+ and NO compound treatment on Days 3, 15 and 30. On the 6th and 9th days, it was
significantly lower than that under salt stress alone (Figure 6C). In the early stages (3rd and
6th days), the NI activity under salt stress alone was significantly higher than that under
the CK treatment. In the later stages (9th, 15th and 30th days), the NI activity under salt
stress alone was significantly lower than that under the CK treatment. Compared with
seedlings under the salt treatment, the Ca2+ and NO compound treatment significantly
reduced the NI activity in R. soongarica seedlings in the early stages (3rd and 6th days).
During the later stages (9th, 15th and 30th days), the NI activity was significantly increased
(Figure 6D).
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Figure 6. Effect of Ca2+ and NO compound treatment on carbon metabolism-related enzyme activity
in R. soongarica under salt stress. (A): sucrose synthetase activity (SS activity); (B): SPS activity;
(C): acid invertase activity (SAI activity); (D): neutral invertase activity (NI activity).

3.4. Mitigation Effects of Ca2+ and NO Compound Treatment on the Metabolism of Nitrogen
Compounds in R. soongarica Seedlings under Salt Stress

3.4.1. Effects of Ca2+ and NO Compound Treatment on the Accumulation of Nitrogen
Compounds in R. soongarica under Salt Stress

At the same time point, salt stress significantly reduced the NO3
− content compared

with that in the CK treatment group, and after the Ca2+ and NO compound treatment, the
NO3

− content significantly increased compared with that under salt stress alone (Figure 7A).
The NO2

− content under salt stress alone significantly increased compared with that under
the CK treatment, reaching its maximum value on the 15th day and significantly increasing
with the prolonged sampling time, while significantly decreasing on the 30th day. After the
Ca2+ and NO compound treatment alleviated salt stress, the NO2

− content significantly
decreased compared with that under salt stress alone and was significantly higher than that
under the CK treatment at all times, except at 0 and 30 days (Figure 7B). At the same time,
the NH4

+ content under salt stress alone was significantly higher than that under the CK
treatment on the 3rd, 15th and 30th days and significantly lower on the 6th and 9th days.
The trend of the NH4

+ content changes under the Ca2+ and NO compound treatment was
consistent with that under salt stress alone, and both contents were significantly higher
than that under the CK treatment (Figure 7C).
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3.4.2. Effects of Ca2+ and NO Compound Treatment on Nitrogen Metabolism-Related
Enzyme Activities in R. soongarica under Salt Stress

Compared with that under the CK treatment, salt stress significantly reduced the NR
activity, which reached its lowest level on the 9th day. After the Ca2+ and NO compound
treatment, the NR activity in R. soongarica seedlings was significantly higher than that
under salt stress alone, and in the early stages (3rd, 6th and 9th days), the NR activity
under the Ca2+ and NO compound treatment was significantly higher than that under the
CK treatment (Figure 8A). When comparing different treatments at the same time, on the
3rd day, the salt treatment alone significantly increased the NiR activity in R. soongarica
compared with that under the CK treatment. At the later four sampling times, the salt
treatment alone significantly reduced the NiR activity compared with that under the CK
treatment; the Ca2+ and NO compound treatment significantly increased the NiR activity
at the same sampling times. The NiR activity was also higher than that in the CK treatment
group at the same time (Figure 8B). Compared with that in the CK treatment group, on
the 3rd day, salt stress alone significantly increased the GS activity in R. soongarica. At
the four sampling times in the later stage, the GS activity under salt stress alone was
significantly lower than that under the CK treatment. Compared with that under salt
stress treatment alone, on the 3rd day, the Ca2+ and NO compound treatment significantly
increased the GS activity under salt treatment, surpassing that under the CK treatment
on the 3rd, 6th and 9th days and reaching its maximum value on the 9th day (Figure 8C).
Compared with that under the CK treatment, the salt treatment significantly reduced
the GOGAT activity in R. soongarica. After the Ca2+ and NO compound treatment, the
GOGAT activity in R. soongarica significantly increased compared with that under salt
stress, but its levels were significantly lower than those under the CK treatment at the same
times (Figure 8D). Regardless of whether the Ca2+ and NO compounds were applied or
not, compared with that under the CK treatment, the GDH activity in R. soongarica was
significantly reduced under stress. After the Ca2+ and NO compounds were applied, the
GDH activity significantly increased under salt stress but was lower than that under the
CK treatment at the same time (Figure 8E).
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Figure 8. Effect of Ca2+ and NO compound treatment on nitrogen metabolism-related enzyme
activity in R. soongarica under salt stress. (A): nitrate reductase activity (NR activity); (B): nitrite
reductase activity (NiR activity); (C): glutamine synthetase activity (GS activity); (D): glutamate
synthase activity (GOGAT activity); (E): glutamate dehydrogenase activity (GDH activity).
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4. Discussion

4.1. Mitigation Effects of Ca2+ and NO Compound Treatment on Plant Growth Parameters under
Salt Stress

The impact of salt stress on plants is multifaceted, and the salt concentrations that
different plants can withstand vary. However, when the salt content in the soil environ-
ment exceeds the range that a plant can withstand, it can harm the plant and affect its
normal growth and development. Salt stress can reduce the growth rate of plant roots
and aboveground parts, as well as the accumulation of fresh and dry weight, ultimately
leading to a significant decrease in yield [45]. When the salt content in the soil is too high,
the infiltration potential increases, affecting the water absorption by plant roots [46] and
resulting in both the root system and the growth of the aboveground parts being affected.
This study found that when the stress duration exceeded 6 days, salt stress significantly
inhibited the growth of R. soongarica seedlings, including the plant height, root length, fresh
and dry weight of aboveground and underground parts, and other indicators (Figure 1).
The application of exogenous Ca2+ can effectively alleviate the growth inhibition of plants
by salt stress [47]. Similarly, the application of exogenous NO can also alleviate the harm
caused by salt stress to plants [48]. This study found that the combined treatment with
exogenous Ca2+ and NO significantly improved the growth parameters of R. soongarica
seedlings under salt stress, thereby promoting the growth of R. soongarica under salt stress
(Figure 1). This indicates that the combined treatment with exogenous Ca2+ and NO is an
effective method to enhance the resistance of R. soongarica to salt stress.

4.2. Effects of Exogenous Ca2+ and NO Compound Treatment on the Antioxidant System in R.
soongarica Seedlings under High-Salt Stress

Under salt stress, metabolic disorder leads to the production of a large number of ROS,
including O2

−, H2O2, OH− and OH [49]. ROS are produced by many different enzyme
reaction systems, including oxidoreductases such as SOD, POD and CAT. In addition,
changing the content of nonenzymatic antioxidant substances, such as AsA and GSH, is a
strategy for plants to actively respond to salt stress from the perspective of oxidative stress.
Numerous studies have reported that NO can regulate plant responses to various stress
conditions, including salt stress. Ca2+ can also transmit signals through changes in the
concentration in plants to regulate a series of cellular and physiological responses under
salt stress [50].

4.2.1. Ca2+ and NO Compound Treatment Alleviates High-Salt Stress by Reducing the
Accumulation of ROS in R. soongarica Seedlings

Under salt stress conditions, plant cells produce large amounts of ROS, such as O2
−

and H2O2, due to metabolic hindrance, resulting in membrane system damage [51,52].
Exogenous Ca2+ and NO treatments can significantly reduce the rate of O2

− production and
the H2O2 content in plant leaves under salt stress, alleviating leaf oxidative damage [53].
The results of this study showed that under high-salt stress (400 mmol·L−1), the O2

−

production rate and the H2O2 content in R. soongarica seedlings significantly increased,
reaching their highest values on the 9th day and then gradually decreasing (Figure 2).
This may be because after the 9th day, R. soongarica gradually adapted to the high-salt
environment, and its O2

− production rate and H2O2 content began to gradually decrease.
However, the Ca2+ and NO compound treatment alleviated the damage to R. soongarica
under salt stress. The results showed that the rate of O2

− production and the H2O2 content
were significantly reduced compared with those under salt stress alone and reached their
minimum values on the 9th and 6th days, respectively, but both were significantly higher
than those under the CK treatment at the same sampling time (Figure 2). This indicates
that the Ca2+ and NO compound treatment can reduce the rate of O2

− production and the
H2O2 content in R. soongarica seedlings under salt stress, thereby alleviating the oxidative
damage of salt stress. The optimal effect was achieved on the 6th to 9th day, but the harm
caused by salt stress could not be completely eliminated.
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4.2.2. Ca2+ and NO Compound Treatment Alleviates High-Salt Stress by Increasing the
Antioxidant Enzyme Activities in R. soongarica Seedlings

Antioxidant enzymes (SOD, CAT, GR, APX and POD) play an important role in
plant resistance to oxidative stress and in scavenging ROS, and thus, their levels are
closely related to plants’ salt resistance [54]. Under salt stress, salt-tolerant maize varieties
maintain higher SOD, GR and APX activities than those in salt-sensitive varieties [55].
The overexpression of APX in the chloroplasts of transgenic tobacco (Nicotiana tabacum)
plants enhanced their tolerance to salt stress [56]. If a plant is subjected to salt stress
for a long time, its reactive oxygen metabolism balance is disrupted, further leading to
the destruction of the antioxidant enzyme system and a decrease in antioxidant enzyme
activities [57]. In this study, compared with those under the CK treatment, the activities
of SOD and POD either increased or showed no significant changes under salt stress; the
CAT activity was significantly lower under salt stress than under the CK treatment, while
APX and GR activities increased in the early stage of stress and decreased in the later stage
(Figure 3). These results are consistent with salt tolerance research results in other plants,
indicating that the regulation of antioxidant enzyme activities is one of the mechanisms
for R. soongarica to resist salt stress. In addition, the activities of GR and CAT were the
lowest on the 9th day, while that of POD was the highest on the 9th day, indicating that the
damage of salt stress to R. soongarica reached its maximum on the 9th day.

Tanou et al. [58] showed that exogenous NO could effectively induce antioxidant en-
zyme activities, promote the maintenance of cell redox homeostasis and alleviate oxidative
damage caused by OH generation, which is mediated by the oxidative stress response
under salinity. Similarly, Ca2+ has the same effect. Both exogenous Ca2+ and NO can
improve plant tolerance to salt stress by altering the activities of antioxidant enzymes such
as SOD, POD and APX. This study found that compared with those under salt stress alone,
exogenous Ca2+ and NO compound treatment could significantly increase the SOD, CAT,
APX and GR activities in R. soongarica seedlings, independently of the stress duration,
indicating that the combined exogenous Ca2+ and NO treatment could eliminate the ac-
tive oxygen accumulated under salt stress by increasing the activities of oxidoreductases,
thereby reducing the growth inhibition of R. soongarica seedlings under salt stress. However,
the POD activity was significantly higher than that under salt stress alone in the early stages
of stress and lower than that under salt stress alone on the 30th day, indicating that the
recovery ability of R. soongarica decreased under long-term stress (Figure 3). Even with
the application of exogenous Ca2+ and NO compound treatment, the ability to clear ROS
was inhibited. In addition, although CAT, POD and APX activities reached their maximum
values on the 9th day, those of SOD and GR reached their maximum values on the 6th day.
Combined with the changes in antioxidant enzyme activities under salt stress, the results
showed that the 9th day could be the best time to study the mechanism of alleviating salt
stress by the combined exogenous Ca2+ and NO treatment.

4.2.3. Ca2+ and NO Compound Treatment Alleviates High-Salt Stress by Increasing the
Contents of Nonenzymatic Antioxidant Substances in R. soongarica Seedlings

Nonenzymatic antioxidant substances such as GSH and AsA play a major role in
clearing ROS in plants under stress [59], and they have the strongest protective effect
against stress-induced oxidative stress [60,61]. Salt stress can reduce the AsA content in
the roots of salt-sensitive tomatoes (Solanum lycopersicum) [62]. Increasing the contents
of AsA and GSH is a way for plants to resist salt stress. There was a certain difference
in the results of this study. There was no significant difference in the AsA content in
the early stage of stress compared with that in the CK treatment group, but in the later
stage, it was significantly lower than that in the CK treatment group. The GSH content
showed no significant difference under salt stress compared with that under CK treatment
(Figure 4). This may be related to the characteristics of the R. soongarica species or may be
due to the unique response exhibited by R. soongarica in extreme environments such as
high-salt (400 mmol·L−1) stress. In summary, the changes in the AsA and GSH contents
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represent an adaptation of R. soongarica to oxidative stress under salt treatment. Previous
studies have reported that as the salt stress time increases, plants are subjected to oxidative
stress. At this time, exogenous substances can induce antioxidant defense systems, enhance
antioxidant enzyme activities, and increase the ASA and GSH contents, thereby reducing
the accumulation of H2O2 and O2

−, maintaining ROS and hormone homeostasis, reducing
lipid membrane peroxidation, and alleviating plant cell damage [63]. The results of this
study showed that the combination of exogenous Ca2+ and NO significantly increased the
ASA and GSH contents under salt stress, independent of the stress period, and the increases
were very significant. The ASA and GSH contents under the Ca2+ and NO compound
treatment exceeded those under the CK treatment at the same time, indicating that the
effect of the Ca2+ and NO compound treatment was mainly achieved by increasing the
contents of ASA and GSH while alleviating the oxidative damage to R. soongarica caused
by salt stress.

4.3. Effects of Exogenous Ca2+ and NO Compound Treatment on Carbon and Nitrogen Compound
Metabolism in R. soongarica Seedlings under High-Salt Stress

The key process of carbon metabolism is photosynthesis, and its final products are
carbohydrates. The initial products of photosynthesis are starch and sucrose. Generally,
starch can be converted into sucrose and enter storage organs or used for cellular life
activities. During this process, SS and SPS play important catalytic roles in regulating
osmotic balance and responding to stress [64]. Therefore, plant sucrose metabolism is
often used to measure the degree of environmental stress and the adaptability of plants to
the environment. There are research reports that plants under stress can synthesize more
soluble small-molecule carbohydrates, regulate cell osmotic potential and thereby alleviate
the damage caused by cell dehydration or live cell expansion [65]. Carbon and nitrogen
are the two most abundant elements in living organisms, and their metabolism is closely
coupled. Deficiency or excess of one element can affect the metabolism of the other element,
and nitrogen metabolism depends on the availability of biosynthetic carbon shelves. One
of the main ways for plants to cope with stress is to reduce cell membrane damage by
accumulating osmotic substances, most of which are nitrogen-containing compounds.
Therefore, the normal operation of nitrogen metabolism is crucial for plants to cope with
stress hazards [66]. There are different levels of regulatory mechanisms within plant cells
to control the absorption and assimilation of various nitrogen and carbon compounds and
maintain their balance [67].

4.3.1. Effects of Exogenous Ca2+ and NO Compound Treatment on Carbon Compound
Metabolism in R. soongarica Seedlings under High-Salt Stress

Starch and soluble sugars play important roles in regulating the osmotic balance of
cellular tissues and are important indicators reflecting the degree of carbon metabolism in
plants. The starch content shows a decreasing trend with an increasing salt stress level [42].
In this study, the starch content first decreased and then increased under salt stress, which
may be a response of R. soongarica to long-term salt stress. After the application of Ca2+ and
NO compound treatment, the starch content first increased and then decreased compared
with that under salt stress alone, indicating that changing the starch content is also one
of the ways for the Ca2+ and NO compound treatment to alleviate salt stress. One of the
reasons for the decrease in photosynthesis is the negative feedback inhibition of the increase
in starch and sucrose contents in leaves under various stress conditions [68]. Sucrose is
the main carbohydrate transport form in plants, and its content is regulated by SPS and
SS [69]. Related studies have found that under stress, the sucrose and starch contents of
cotton (Gossypium herbarium), as well as SPS and SS activities, increase in both the main
stem and opposite leaves [70]. In addition, studies have shown that a significant decrease
in starch synthesis can maintain the sucrose content in beans (Lablab purpureus). Although
osmotic stress reduces SPS activity, this only reduces the degree of starch synthesis, and
therefore, the sucrose concentration can be maintained at a relatively high level [71]. This
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study found that under salt stress, the contents of soluble sugars and sucrose, as well as
the activities of sucrose phosphate synthase and sucrose synthase, decreased in the later
stage of stress, which may be related to the increase in the starch content in the later stage
of salt stress. After the Ca2+ and NO compound treatment, the soluble sugar and sucrose
contents and sucrose phosphate synthase and sucrose synthase activities were significantly
increased compared with those under salt stress alone, indicating that the combination of
exogenous Ca2+ and NO treatment can maintain higher soluble sugar and sucrose contents
in R. soongarica and reduce the osmotic stress caused by salt treatment.

On the other hand, common monosaccharides such as glucose and fructose also play
an important role in maintaining the overall structure and growth of plants [72–74] and
play an osmotic protection role when plants are subjected to abiotic stress, which is part of
the ROS-scavenging system [75]. Glucose can induce stomatal closure in seedlings, reduce
the photosynthesis rate, maintain the leaf water content and osmotic regulation, prevent
cell membrane oxidation and enhance plant adaptability to drought and salt stress [76,77].
Roatsch et al. [78] showed that extracellular invertase activity was significantly upregulated
under salt stress to supply carbohydrates to storage organs. The results of this study
indicated that during salt treatment, the fructose content fluctuated with the sampling time,
and the glucose content showed no significant difference compared with that in the CK
treatment group at the same time. The activities of both invertases in the early stage of
stress were higher than those in the CK treatment group but decreased in the later stage.
After exogenous Ca2+ and NO treatment, the fructose content was higher at the initial stage
of stress than under salt stress alone and decreased at the later stage. The glucose content
was significantly lower than that under salt stress alone at the same time. Both invertase
activities fluctuated with the sampling time, indicating that different species have different
responses to different abiotic stresses.

4.3.2. Effects of Exogenous Ca2+ and NO Compound Treatment on Nitrogen Compound
Metabolism in R. soongarica Seedlings under High-Salt Stress

Nitrogen is known as the “life element” of plants, and the nitrogen form and enzyme
activity related to nitrogen metabolism in plants can directly reflect the nitrogen metabolism
situation. Under salt stress, there are significant differences in physiological characteristics
among different plants, as well as differences in nitrogen metabolism pathways and their
efficiency. This is because salt stress can lead to a secondary stress of nutrient deficiency
in plants, leading to the disruption of nitrogen metabolism balance. NO3

− and NH4
+ are

two effective nitrogen sources for plants. The GOGAT cycle is the most critical pathway
for primary nitrogen assimilation, while NR is considered to be the rate-limiting factor
for nitrogen assimilation [79,80]. Salt stress can inhibit NR, GS and GOGAT activities
during ammonia assimilation in tomato seedlings, reducing the expression levels of related
genes [81]. There are many similar reports, such as the research of Zaghdoud et al. [82]
on Brassica oleracea and Iqbal et al. [83] on cotton. However, it is controversial whether
GS and GOGAT activities in mulberry (Morus alba) seedlings significantly increase during
salt treatment [84]. The results of this study showed that the changes in the nitrogen
compound contents and enzyme activities related to nitrogen compound metabolism in R.
soongarica seedlings under salt treatment were relatively limited, with NO3

− and NO2
−

levels significantly reduced compared with those under the CK treatment. We speculate
that this may be related to the ion antagonistic and synergistic between Na+, Cl−, Ca2+

and NO3
− after the application of exogenous Ca2+ and NO compound treatment under

salt stress. The NH4
+ level was significantly higher than that in the CK treatment group

in the early stage (3rd day) and late stage (15th and 30th days), while it significantly
decreased in the middle stage (6th and 9th days). The NR, GOGAT and GDH activities all
significantly decreased under salt stress; the activities of NiR and GS were significantly
lower than those in the CK treatment group on the 6th, 9th, 15th and 30th days, indicating
that R. soongarica seedlings actively responded to high-salt stress by reducing the nitrogen
compound contents and limiting the activities of nitrogen metabolism-related enzymes.
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In recent years, many studies have found that the application of exogenous substances,
such as silicon, Ca2+, and H2O2, can alleviate the harm caused by salt stress by affecting
the nitrogen metabolism pathways of plants, which helps enhance crop salt tolerance [85].
In this study, compared with those under salt stress alone, the NO3

− content and NR,
NiR, GS, GOGAT and GDH activities significantly increased after exogenous Ca2+ and
NO compound treatment, while the content of NO2

− significantly decreased. The NH4
+

content significantly decreased in the early and late stages and significantly increased in the
middle stage of stress. This indicates that exogenous Ca2+ and NO compound treatment
reduces the harm of salt stress by regulating the nitrogen compound contents and nitrogen
compound-related enzyme activities.

5. Conclusions

This study suggests that 400 mmol·L−1 NaCl stress has a significant inhibitory effect
on the growth of R. soongarica seedlings; meanwhile, it also affects the antioxidant enzyme
system, carbon metabolism and nitrogen metabolism. The application of exogenous Ca2+

and NO compound treatment can alleviate the damage caused by salt stress through
changing the activity of antioxidant enzymes, the content of antioxidant substances as well
as indicators related to carbon and nitrogen metabolism, thereby promoting the growth
of R. soongarica under salt stress. However, research on the salt tolerance mechanism of R.
soongarica is not yet complete, and the relationship between NO and Ca2+ also needs to
be further explored. In the future, further exploration can be conducted on the aspects of
regulating Ca2+-related genes, Ca2+ receptor proteins and salt resistance-related genes.
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