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Abstract

:

Soil salinization is a serious issue in the Qaidam Basin and significantly limits economic development. To explore the salt tolerance of two shrubs in this area, we determined several parameters, including the Soil and Plant Analyzer Development (SPAD), net photosynthetic rate (Pn), transpiration rate (Tr), intercellular carbon dioxide (Ci, μmol mol−1), stomatal conductance (Gs, umol m−2s−1), and water use efficiency (WUE) under different salt concentrations (0, 100, 200, 300, and 400 mmol·L−1). In addition, the shrubs of Elaeagnus angustifolia and Lycium barbarum of salt tolerance were evaluated. The photosynthetic parameters of E. angustifolia were more sensitive to salinity than those of L. barbarum, and SPAD, Pn, Tr, and WUE of E. angustifolia decreased significantly with increasing salt concentrations (p < 0.05), while in L. barbarum, SPAD, Pn, and Tr decreased significantly with increasing salt concentrations (p < 0.05), but the WUE of L. barbarum showed no significantly variation under the salt concentration gradient. The results of correlation matrix of photosynthetic index also indicated that the minimum salt tolerance of E. angustifolia and L. barbarum were 108.4 and 246.3 mmol·L−1, respectively. Our results provide a scientific basis for the selection of salt-tolerant plant species in of northwest China.
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1. Introduction


Soil salinization has become an issue of global concern [1] and significantly threatens food and resource security [2,3,4]. It not only leads to the destruction of resources and the loss of agricultural production, but also negatively impacts the environment and economic development [5,6].



In China, the total area of saline-alkaline soil accounts for about 3.69 × 105 km2, and the potential saline soil area is about 1.73 × 105 km2 [7]. Several engineering water conservancy measures, chemical measures, biological measures, and comprehensive measures are available to improve and use saline-alkaline land [8,9,10]. Of these, biological measures, such as the planting of suitable plants, are the most cost-effective approach to utilize and improve saline-alkali land [11]. Salt-tolerant plants can improve saline-alkaline soil structure, increase soil nutrients, and therefore improve the ecological environment [12]; in addition, such an approach can promote economic development.



The most direct effect of salinity on plants is growth inhibition via impacting water absorption, thereby leading to reduced plant height, lower DBH, fresh and dry weight, and inhibited plant organ differentiation [13,14,15,16]. In addition, the increase in pH caused by high saline levels also negatively impacts plant growth via changes in metabolism, nutrient absorption, and ion balance [17]. Previous studies on the impacts of soil salinity have mostly focused on plant ion metabolism, hormone responses, enzyme activity, water physiology, and growth characteristics [18,19,20,21], while only a few studies investigated photosynthesis under NaCl salt stress [22,23]. Most commonly, salt stress is induced by excessive amounts of NaCl in the soil, which is a frequent problem in northern China. Several plant species, such as Elaeagnus angustifolia, Lycium barbarum, Suaeda salsa, and Tamarix chinensis, can grow on saline-alkaline soils, and it is of particular importance to investigate the adaptability of different plant species to salt stress, facilitating the selection of salt-tolerant plant species.



The Qaidam Basin is an important industrial production base in northwestern China and one of the largest areas with saline-alkaline soil, low annual precipitation and high salinity. The species E. angustifolia and L. barbarum are largely cultivated in the area and are of significant economic importance. However, in recent years, yields have been declining due to increasing salt stress. In this context, we determined the photosynthetic parameters of E. angustifolia and L. barbarum to: (i) explore the adaptability and physiological mechanism of salt tolerance under NaCl salt stress; (ii) to evaluate the maximum salt tolerance threshold of these species under NaCl salt stress. The overall aim of the study is to provide a scientific basis for species selection in ecological construction programs.




2. Materials and Methods


2.1. Study Sites


The study area was located at the Nomuhong Farm (96°15′–96°35′ E, 36°20′–36°30′ N) in Qinghai Province, China, 637 km from Xining and 147 km from Golmud City. The area is an arid desert with a plateau continental climate. The farm covers an area of 5 km from north to south and 30 km from east to west, with a total area of 91.3 km2 at an elevation of 2790 m (Figure 1). The growing season is relatively short and extends from June to September. Average annual rainfall is 43.5 mm, with an annual potential evapotranspiration of 2849.7 mm. Solar radiation is strong, and the area receives more than 3100 h of sunshine per year. Average annual temperature is 4.9°C, with distinct differences between day and night. Annual maximum and minimum temperatures are 35.8 and −31°C, respectively. The frost-free period is 70 days, and the salt mainly consists of chloride salt and sulfate. The soil layer in the study area is thicker, and the soil is mainly gray brown desert soil and saline desert soil. The soil PH in the study was 8.1. The soil C, N, P and K were 0.69 g/kg, 0.05 g/kg, 6.15 mg/kg and 254.4 mg/kg. The vegetation mainly consists of desert species such as Elaeagnus angustifolia, Lycium barbarum, Tamarix hispida, and Nitraria tangutorum.




2.2. Experimental Design


On April 20, 2016, 180 shrubs (90 of E. angustifolia and 90 of L. barbarum), with relatively uniform growth were selected and each plant was transplanted into a plastic basin with a diameter of 32 cm and a height of 30 cm. The basins placed in the greenhouse of the Nomuhong Farm. At the bottom of the basins, a hole was drilled manually and covered with gauze to prevent soil loss. Each plastic basin was placed in a 2-mm sieve with a mass of 1.8 ± 0.05 kg, rinsed, and air-dried. Hoagland nutrient solution was regularly applied during the cultivation period, and the plants were irrigated to ensure adequate growth. On July 2, 2016, shrubs with consistent growth (average height and diameter at breast height, DBH) were selected for the determination of the initial growth parameters (Table 1).



Prior to the application of salt stress, according to the water holding capacity in the field and the related drought stress test, the soil water content of all seedlings was maintained at about 17%. For the salt stress treatment, one control group (CK) and four NaCl salt treatment groups were subjected to each treatment, using six replicates. Dissolve NaCl solvent in water to prepare solution in proportion. The salt concentrations were 0 (CK), 100 (S1), 200 (S2), 300 (S3), and 400 (S4) mmol·L−1.



The salt solution was prepared for the corresponding mass of analytically pure NaCl and Hoagland nutrient solution (pH = 6). To prevent salt-exciting reactions, the salt concentration was treated by adding 50 mmol·L−1 per day until the predetermined concentration of each treatment was reached. The same amount of Hoagland nutrient solution was added to the control group. To obtain the response of salt date to salt stress in the natural environment, the shrubs were moved to the open space every morning for natural light irradiation and were placed back into the greenhouse at night. Every evening, the plants were weighted and soil moisture was determined with ECH2O soil moisture sensor (Decagon, USA). Water was supplemented accordingly.




2.3. Determination of Meteorological Parameters


Three Davis Vantage Pro 2 small weather stations were set up next to the greenhouse to continuously determine relative humidity (RH, %), solar radiation (Rs, W·m−2), and temperature (T, °C) at an interval of 15 min. Saturated vapor pressure difference (VPD, kpa) was calculated by formula as follows:


VPD=0.611×e12.27×T237.3×T×(1−RH100)



(1)




where T is the temperature and RH is the relative humidity.




2.4. Determination of Physiological and Biochemical Indicators


2.4.1. Leaf SPAD Value


Soil and Plant Analyzer Development (SPAD) values can reflect the relative content of chlorophyll and were measured by the portable SPAD-502 m emitting red light (650 nm) and infrared light (940 nm) via transmission. The relative content of chlorophyll (SPAD value) can be obtained by the difference of the optical density between the two wavelengths [18]. To prevent interference by different parts of plant leaves, three leaves in the middle of each plant were selected for the measurement, and each measurement was repeated three times.




2.4.2. Photosynthetic and Transpiration Processes


After 20 days of shrub growth, on a sunny day, the photosynthetic parameters of leaves at the same leaf position were measured using a Licor-6400 portable photosynthesis system at intervals of 2 h. Determination times were 7:00, 9:00, 11:00, 13:00, 15:00 17:00, and 19:00. The measured parameters included net photosynthetic rate (Pn, umolm−2s−1), transpiration rate (Tr, umol m−2s−1), intercellular carbon dioxide (Ci, μmol mol−1), and stomatal conductance (Gs, umol m−2s−1). Five groups of data were recorded continuously after the numerical stability of each index measurement. Because the default leaf area of the Licor-6400 portable photosynthetic meter is 6 cm2, to ensure the reliability and accuracy of the data, the observed results had to be recalculated. At the end of the experiment, scanners were used to scan the labeled leaves, and the leaf area was calculated by the pixel ratio. The photosynthetic indices were recalculated using the LI6400 Sim 5.3 software (LI-COR, Washington, DC, USA), and the water use efficiency (WUE) of the leaves was calculated as follows:


WUE=PnTr



(2)




where WUE is the water use efficiency and Pn (umolm−2s−1) and Tr (umolm−2s−1) are net photosynthetic rate and transpiration rate, respectively.




2.4.3. Measurement of Light Response


After 20 days of shrub growth, the leaves at the same leaf position were clamped using the Licor-6400 portable photosynthesizer with a red-blue light source for photosynthesis response measurement. Prior to observation, the temperature of the photosynthesizer was adjusted to 25 °C, while the CO2 level was set to 380 μmol·mol−1. The gradient of photosynthetic active radiation was 2500, 2000, 1800, 1600, 1400, 1200, 1000, 800, 600, 400, 200, 150, 100, 50, and 0 μmol·mol−1. The leaves used for measurement were first induced by light at 1500 μmol·mol−1 light intensity for 30 min, and subsequently, the automatic program of the instrument was used to carry out light induction.



The plant light response curve can be fit in two ways, namely by non-right hyperbola fitting and by right hyperbola fitting. Previous studies have shown that non-rectangular hyperbola fitting has more physiological significance [8]; it was therefore used in the present study. The calculation formula is as follows:


Pn=AQY×I×Pnmax−(AQY×I+Pnmax)2−4×I×AQY×K×Pnmax2K−RD



(3)




where Pn and Pnmax are the net photosynthetic rate and the maximum net photosynthetic rate (μmol·m−2·s−1), respectively; I is the photosynthetic active radiation (μmol·m−2·s−1); K is the curved angle; AQY is the initial quantum efficiency (mol·mol−1); RD is the dark breathing rate (μmol·m−2·s−1). When the regression curve intersects with the x-axis (I), the corresponding light intensity represents the light compensation point (LCP), and when Pn takes the maximum value, the corresponding light intensity represents the light saturation point (LSP).





2.5. Statistical Analysis


All statistical analyses were performed using the software package SPSS 16.0 (IBM, New York, NY, USA). Descriptive statistics was used to calculate the mean and standard deviations for each set of replicates. All data was tested for normal distribution and homogeneity of the variance analysis to ensure that the data met the requirements of the variance analysis. Firstly, a two-way ANOVA was used to analyze the differences in SPAD, Pn, Tr, and WUE, with treatment and species as independent factors. The LSD method was used to compare the SPAD, Pn, Tr, and WUE when necessary.





3. Results and Discussion


3.1. Basic Meteorological Characteristics


The daily average values of radiation and VPD were 657.3 W·m−2 and 1.48 KPa, respectively. The variation of solar radiation was a single peak, reaching its maximum of 1123 W·m−2 at 13:00 (Figure 2). Similar to radiation, the variation of saturated water vapor pressure also consisted of a single peak, reaching its maximum of 2.01 KPa at 13:00. Average daily temperature was 19.0 °C, with a maximum of 22.2 °C at 13:00 and a minimum of 14.3 °C at 7: 00 am. Relative humidity was negatively correlated with the above-mentioned indices; it first decreased and then increased. Generally, at 15:00, humidity was 27%. The soil and water content of CK in E. angustifolia and L. barbarum were 17.0% and 16.8%, respectively. There was no significant difference in soil water content among the four treatments of E. angustifolia and L. barbarum, respectively.




3.2. Effects of Salt Stress on Chlorophyll Content of Shrubs


The SPAD value can be used as an indicator to reflect the differences in chlorophyll content per unit area of the leaf, which can indicate the relative level of chlorophyll [24] and allows an assumption about the functioning of the entire photosynthetic system [3]. Previous studies have shown that the SPAD value measured by the SPAD chlorophyll meter is highly correlated with the chlorophyll content [25]. The SPAD value indicates that the chlorophyll content can not only perform the non-destructive measurement very conveniently, but also that the scientific data is scientifically rigorous [26]. In general, the SPAD value of E. angustifolia was higher than that of L. barbarum. With increasing salt stress, the SPAD values decreased (Figure 3). At a salt concentration of 100 mmol·L−1, the SPAD values were significantly lower than those of the control group (p < 0.05), indicating that salt stress can significantly reduce the chlorophyll content in leaves of E. angustifolia and L. barbarum. In E. angustifolia under salt stress, the chlorophyll content decreased significantly with increasing salt concentration (p < 0.05). The chlorophyll content of L. barbarum at salt concentrations of 200 and 300 mmol·L−1 was 15.2 and 30.7% lower, respectively, than that of the control group. However, there was no significant difference in SPAD values of L. barbarum at salt concentrations of 300 and 400 mmol·L−1. With increasing salt stress, the SPAD value of E. angustifolia decreased more rapidly than that of L. barbarum, indicating a greater damage to E. angustifolia. Wang et al. have reported that the effects of salt stress on chlorophyll are species-specific, and other studies have shown that salt stress can inhibit the chlorophyll synthesis of plants, which is similar to the inhibition of growth and closely related to salt concentration [26,27]. At higher salt concentrations, plant chlorophyll content generally decreases [28]. Gouveianeto et al. have suggested that the main reason for the decrease in chlorophyll content caused by high salt concentrations is the blocking of the electron transport [29].




3.3. Effects of Salt Stress on Photosynthesis


Numerous studies have shown that salt-alkaline stress can inhibit plant photosynthesis, which is similar to the inhibition of growth and is closely related to the salt concentration [30,31,32]. The net photosynthetic rates of E. angustifolia and L. barbarum decreased with increasing salt stress (p < 0.05) (Figure 4), indicating inhibition of photosynthesis. Doubnerová and Ryšlaváhave suggested that when the salt concentration in the soil exceeds a certain threshold, photosynthesis is inhibited [33]. According to our results, the diurnal variation of photosynthesis rate of E. angustifolia and L. barbarum represented a bimodal curve. The photosynthetic lunch break of the control is about 13:00. The photosynthetic lunch break of the salt treatment occurs at around 11:00. The second peak appeared at around 15:00, although the photosynthetic rate of the first peak was significantly larger than that of the second peak. The daily mean value of the net photosynthetic rate also decreased with increasing salt stress, with values for E. angustifolia at 100, 200, 300, and 400 mmol·L−1 of 5.22, 4.47, 3.31, and 2.14 μmol∙m−2∙s−1, being 8.14, 21.43, 41.88, and 62.33% lower than those of the control group, respectively (p < 0.05).



For L. barbarum, the diurnal variation of the net photosynthetic rate showed a “double peak” curve under salt stress. With increasing temperature, solar radiation, and saturated water vapor pressure difference, the net photosynthetic rate of L. barbarum in each treatment group increased rapidly from 7:00 to 11:00 and reached its peak value for the first time at 11:00, with values of 27.23, 26.80, 14.78, 9.56, and 8 μmol∙m−2∙s−1, respectively (p < 0.05). The net photosynthetic rate of L. barbarum was significantly lower than that of the control group when the concentration was higher than 100 mmol·L−1. At 11:00–15:00, the solar radiation and temperature reached the highest values, and stomatal regulation was carried out by L. barbarum to prevent excessive water loss. At 15:00, the second photosynthesis peak occurred, with 21.62 μmol∙m−2∙s−1, 19.70 μmol∙m−2∙s−1, 11.42 μmol∙m−2∙s−1, 9.46 μmol∙m−2∙s−1 and 7.85 μmol∙m−2∙s−1 at 0 mmol·L−1, 100 mmol·L−1, 200 mmol·L−1, 300 mmol·L−1, and 400 mmol·L−1, respectively.



The salt concentration of 100 mmol·L−1 had no significant effect on net photosynthesis of L. barbarum. However, at concentration above 100 mmol·L−1, the net photosynthesis rate of L. barbarum showed a significant downward trend and decreased by 41.1%, 55.5%, and 66.3% at 200 mmol·L−1, 300 mmol·L−1, and 400 mmol·L−1, respectively (p < 0.05). The maximum net photosynthesis rate of L. barbarum decreased more significantly than that of E. angustifolia, indicating a stronger effect of NaCl on L. barbarum. Several studies have suggested two main reasons for the decrease in net photosynthetic rate under saline-alkaline stress, namely stomatal restriction caused by partial closure of stomata and decreased cell viability [34,35,36]. The decrease in intercellular carbon dioxide concentration and stomatal conductance were the main reasons for the decreased photosynthesis rates [37].




3.4. Effects of Salt Stress on Transpiration


Transpiration was the main pathway of water loss and reflects the potential of plant water consumption and adaptability to the environmental changes. With increasing salt stress, the peak value of the transpiration rate of E. angustifolia decreased gradually (Figure 5). The diurnal variation in transpiration rate of E. angustifolia was comparable to that in net photosynthesis rate, which showed a bimodal curve. The two peaks appeared at the same time under different treatments (p < 0.05). The first peak was around 11:00 a.m., while the second and lower peak was observed at about 15:00. The daily mean values of the S1 to S4 treatments were 70.74%, 60.52%, 36.25%, and 22.14% lower than that of the control group, respectively (p < 0.05).



For L. barbarum, the diurnal variation in transpiration rate showed a “double peak” curve under salt stress. With increasing temperature, solar radiation, and saturated water vapor pressure difference, the net transpiration rate of L. barbarum in each treatment group increased rapidly from 7:00 to 11:00 and reached its peak value for the first time at 11:00, with peak values of 15.48 mmol∙m−2∙s−1, 14.22 mmol∙m−2∙s−1, 10.86 mmol∙m−2∙s−1, 5.50 mmol∙m−2∙s−1, and 3.81 mmol∙m−2∙s−1, respectively. The transpiration rate of L. barbarum was significantly lower than that of the control group when the concentration was higher than 100 mmol·L−1. At 11:00–15:00, solar radiation and temperature reached the highest values, and L. barbrum carried out stomatal regulation to prevent excessive water loss. At 15:00, the second transpiration peaks occurred, with 16.61, 15.09, 7.07, 4.38, and 3.61 mmol∙m−2∙s−1 at 0, 100, 200, 300, and 400 mmol·L−1, respectively (p < 0.05). The transpiration rates of L. barbarum were decreased by 39.8, 68.3, and 75.4% at 200, 300, and 400 mmol·L−1, respectively (p < 0.05). The maximum net photosynthetic rate of L. barbarum decreased more significantly than that of E. angustifolia, again indication a more distinct effect of NaCl on L. barbarum. Andriani et al. have also found that the transpiration rate of shrubs decreased gradually under salt stress [38]. According to Farquhar’s classical theory, when both intercellular carbon dioxide concentration and stomatal conductance show a downward trend at the same time, the reason for the inhibition of plant photosynthesis under stress is stomatal limitation, in contrast to non-stomatal limitation [39]. According to a previous study, the decrease in intercellular carbon dioxide concentration and stomatal conductance are the main reasons for the decrease in transpiration rate [40].




3.5. Effects of Salt Stress on Water Use Efficiency


The WUE of E. angustifolia under salt stress was significantly higher than that of the control (p < 0.05; Figure 6). The daily mean values of WUE of E. angustifolia under the treatments S1-S4 were 109.41, 119.74, 135.28, and 156.01%, respectively. Although NaCl salt stress can reduce the photosynthesis and transpiration rates of E. angustifolia, it improves water use efficiency in this species, and the difference between the two species will gradually increase with increasing NaCl concentrations. Yue et al. and Farissi et al. have found similar variation in Kosteletzfkya virginica L. Presl and Quercus aliena [41,42]. Since E. angustifolia is a salt-tolerant plant species [43], under salt stress, it reduces its water consumption and therefore improves its water use efficiency. However, the WUE of L. barbarum under salt stress was not significantly different from that of the control group (p > 0.05).




3.6. Evaluation of the Effect of Saline Stress on E. angustifolia and L. barbarum


The use of only one indicator does not adequately reflect salt tolerance [44], making it necessary to comprehensively compare and analyze multiple indicators [45]. Different scholars also use different methods for the evaluation of salt tolerance in different plant species [45]. In this study, 10 photosynthetic indices, including T, SPAD, Pn, Gs, Ci, Tr, Pnmax, AQY, RD, LCP, and LSP, were determined under salt-alkaline stress. The correlation between the above indices and salt concentration was analyzed, and the chlorophyll contents with the highest correlation coefficient and net photosynthetic rate were selected to characterize the overall photosynthetic system (Table 2). The results showed that under NaCl stress, with increasing salt concentrations, the salt tolerance of E. angustifolia and L. barbarum was increased. Chlorophyll content and net photosynthetic rate were fitted with the salt-alkaline concentration, and the salt concentration was taken as the salt-alkaline tolerance threshold when each index exceeded 50% of that of the control group. The threshold was calculated via a regression equation. The thresholds of the effects of salt stress on chlorophyll content and net photosynthetic rate were 128.4 and 108.4 mmol·L−1, respectively. The minimum value of 108.4 mmol·L−1 was taken as the salt tolerance threshold of E. angustifolia. The thresholds of the effects of salt stress on chlorophyll content and net photosynthetic rate were 263.2 and 246.3 mmol·L−1, respectively, and the minimum value of 246.3 mmol·L−1 was taken as the salt tolerance threshold of L. barbarum. The salt tolerance of L. barbarum was higher than that of E. angustifolia under NaCl concentrations of 100, 200, 300, and 400 mmol·L−1.





4. Conclusions


The pioneering tree species of jujube and alfalfa in the afforestation of saline-alkali land in northwestern China have already exerted important ecological, economic and social benefits. The salinization of the Qaidam Basin has become increasingly serious and significantly limits the economic development of the region. The photosynthetic parameters of the shrub species E. angustifolia were more sensitive to salinity than those of L. barbarum. The decrease in photosynthetic parameters of both shrub species was due to the combination of stomatal and non-stomatal constraints. The results of correlation matrix of photosynthetic index also indicated that the minimum salt tolerance of E. angustifolia and L. barbarum were 108.4 mmol·L−1 and 246.3 mmol·L−1, respectively. According to the salt tolerance thresholds of different plant species, suitable species can be selected for revegetation programs to facilitate the improvement of saline-alkaline soils. For example, ideal planting and development conditions for E. angustifolia could be in the 0-108.4 mmol·L−1 of soil salt concentration; but it was more suitable to plant L. barbarum in 108.4-246.3 mmol·L−1 of soil salt concentration. In field production, when the salt and alkali concentration of soil solution exceeds this threshold, irrigation should be carried out in time.
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Figure 1. Geographic map of the study area. 
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Figure 2. Daily variations in meteorological factors and soil and water content at a typical sunny day. The (a), (b) and (c) were the variation of radiation, temperature and soil and water content, respectively. The data in figure were mean ± S.D. 
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Figure 3. Mean (± S.D.) SPAD values of the shrub species E. angustifolia and L. barbarum at different salt concentrations. The SPAD is Soil and Plant Analyzer Development. The CK, S1, S2, S3, S4 were the salt concentrations were 0, 100, 200, 300 and 400 mmol·L−1, respectively. Uppercase and lowercase letters indicate significant differences among treatments for E. angustifolia and L. barbarum, respectively, at p < 0.05 with T test. 
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Figure 4. Changes in mean (± S.D.) net photosynthetic rates of the shrub species E. angustifolia and L. barbarum at different salt concentrations throughout the day. The (a) and (b) in bold are represented E. angustifolia and L. barbarum respectively. 
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Figure 5. Changes in mean (± S.D.) transpiration rates of the shrub species E. angustifolia and L. barbarum at different salt concentrations throughout the day. The (a) and (b) in bold are represented E. angustifolia and L. barbarum respectively. 
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Figure 6. Changes in mean (± S.D.) water use efficiency of the shrub species E. angustifolia and L. barbarum at different salt concentrations throughout the day. The (a) and (b) in bold are represented E. angustifolia and L. barbarum respectively. Lowercase letters indicate significant differences among treatments for E. angustifolia and L. barbarum, respectively, at p < 0.05 with T test. 
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Table 1. Growth parameters of the different shrub species.






Table 1. Growth parameters of the different shrub species.





	
Species

	
Height (cm)

	
DBH (cm)

	
CK

	
S1

	
S2

	
S3

	
S4




	
NaCl

	
EC

	
NaCl

	
EC

	
NaCl

	
EC

	
NaCl

	
EC

	
NaCl

	
EC






	
Elaeagnus angustifolia

	
57.94 ± 0.78

	
1.27 ± 0.08

	
0

	
0

	
100

	
47

	
200

	
95

	
300

	
145

	
400

	
196




	
Lycium barbarum

	
40.28 ± 0.49

	
1.26 ± 0.06








DBH is diameter at breast height; CK is control check; S1, S2, S3, S4 are NaCl at concentrations of 100, 200, 300 and 400 mmol·L−1, respectively. The unit of the NaCl and EC were mmol·L−1 and us·cm−1, respectively.
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